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Abstract

In the design studios, daylighting and artificial lighting have a primary influence on providing
visual comfort and students’ satisfaction with the environment. The design and drawing activities
performed in these spaces require an acceptable lighting performance. The aim of this study is
evaluating the lighting quality in the design studios and providing lighting design
recommendations to improve the students’ creativity and productivity. Observations were
performed to obtain physical studio data and existing lighting system. A simulation software,
namely DialLux Evo 10, is used to simulate the lighting performance in the existing design studio
at the Department of Architecture, College of Engineering, Salahaddin University-Erbil (SUE).
The simulation results of daylight factor (DF), illumination levels (Lux), and glare value are
analyzed in accordance to the British/ European Standard (BS EN 12464-1:2021). The results
reveal that the lighting performance at the studied design studio is not sufficient, thus the study
suggests possible modifications for the type and quantity of existing artificial lighting.
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1. Introduction

In architecture, lighting plays a dual role of functional fulfillment and creating psychological
impact to the occupants. Therefore, lighting design optimization, both natural and artificial, is
necessary to achieve a sufficient lighting performance (Miran and Abdullah, 2016). Since design
is the architecture department's primary area of expertise, working and learning mostly takes
place in the design studios. Thus, it requires an adequate environment that can promote these
activities efficiently. When there is not enough natural light, supplementary artificial light is
required, which uses electrical power. Proper utilization of light in learning facilities is important
to guarantee that learning can be carried out in a well-lit environment.

According to the British/ European Standard (BS EN 12464-1:2021), for this activity and space
usage, the lighting needed is at least 750 lux (BSI Standard, 2021). Students need to have this
level of lighting to work on their design drawings as efficient as possible. To ensure that students
are comfortable during the drawing and design activities, lighting arrangements should be
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considered. An enthusiastic learning environment and a delighted mood can be enhanced by
well-lit spaces (Febriyursandi et al., 2019)

The Department of Architecture Engineering at Salahaddin University-Erbil, SUE accommodates
five similar architectural design studios as part of its Architecture Study Program. The design
studios are distributed as following: studios 1 and 2 are located on the ground floor and studios 3,
4, and 5 are situated on the first floor. These locations correspond to the various studio-based
subjects, including Basic Design, Architectural Design, Building Materials, Interior Design, and
Landscape Design, etc. Among the studio-based activities that take place in these spaces are
tutoring, leading workshops, mentoring, critique sessions, and project exhibitions. Creating
project models, using various materials, and design drawing activities are part of the studio
activities. All of these activities demand an adequate level of lighting, which has to be of
excellent quality.

This study aims at identifying the lighting performance in the design studio of Architecture
Department, College of Engineering, Salahaddin University-Erbil and assessing it by comparing
to a relevant lighting standard recommendation. Accordingly, the research attempts to provide
recommendations for appropriate lighting design for similar Architecture design studios.

1.1 The Importance of Lighting in Architecture Design Studio

Natural lighting comes from both direct and indirect sunlight, whereas artificial lighting is
provided by light fixtures, such as lamps (Fahmi, M. K., 2013). When it comes to satisfying
human visual needs to perceive colors, textures, and overall space impression, both lighting
systems are crucial. In a psychological perspective, the color that light creates can affect a
person's mood and emotions in different ways, including making an environment appear warm or
cold provoking or sympathetic, exciting or relaxing (Marsya et al., 2016).

In architecture study, the design studio functions as a learning center for architecture education
where the frequency of use and time spent in these spaces is higher than traditional classroom
settings. Therefore, it is important to take into account the lighting quality to improve user
comfort and create a certain ambiance in the space (Nurrohman et al., 2021). The lighting that
confirms the spaciousness/confusedness, visual clarity/haziness, relaxation/activation, and
private/public impression can validate the user's perception (Houser et al., 2002). This has to do
with the amount of lighting, the choice of light color, and how the light source is positioned
within the space.

It is possible to distinguish artificial light control that changes to variations in illumination levels
by modifying light scenarios based on spatial requirements or by alternating and dimming lights.
To reduce glare from light sources, it is recommended to use task lighting from both sides and
general diffused lighting when drafting, drawing, or painting (Mandala and Ritva Santoso, 2018).

Even in places where there is no activity at night, artificial lighting is crucial for both indoor and
outdoor areas. Examples of these include factories, offices, and retail establishments. The
process of choosing artificial lighting is not simple and requires careful consideration of
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several crucial factors. This covers the light source's location, the kind of fixture used, how light
is supposed to be distributed, and, how the lights interact with the surrounding space and
available surfaces.

When designing a lighting system, the average illumination serves as a reference point for
determining the required lamp count and illumination level in a given space or area. Then, this
benchmark is recalculated according to the area's color, dimensions, and layout (Wotton, 2000).
Due to variations in color, room function, lighting source, and lighting arrangement, two spaces
might be seen as distinct areas inside a single building. The aforementioned elements are all
connected to the lighting's ability to produce consistent illuminations (Liberman,1991).

A lighting system is generally considered to be of high quality when it produces an environment
that is comfortable for people to see, while engaging in daily tasks like eating, walking, and
reading. It also aids in the development of positive interactions and communication, appropriate
mood states (happiness, alertness, satisfaction, and preference), the promotion of a safe and
healthy environment, the avoidance of negative effects, and the evaluation and appreciation of
the space's aesthetic qualities (Knez and Kers, 2000).

2. Materials and Methods
2.1 Data Collection Method

Observation method is used to collect the required data concerning the studio design in terms of
layout shape, size, furniture arrangement, and other elements. Daylighting data collection include
window size, orientation, glazing material, and environmental conditions. While, artificial
lighting data collection encompasses light type, light arrangement, number of lights, and other
relevant specifications.

Computer simulation method is used to acquire data about lighting illumination level, light
distribution, daylight factor, uniformity, and glare disturbance as a result of direct sunlight
penetration. In this research, DiaLux Evo 10, a tool for simulating artificial lighting and daylight,
is used to perform simulations. DialLux is a program designed to simulate and visualize light
conditions. Previous studies confirm the effectiveness and reliability of this software in studying
various aspects of lighting performance (Febriyursandi et al., 2019; Mandala, 2019; Nurrohman
et al., 2021; Poursafar et al., 2016; Satwiko, 2011).

2.2 Analysis Method

The color of light and illumination level have a significant impact on the visual quality and user
perception in a space, thus they affect productivity and creativity of the students in the design
studios. In this study, the British/ European Standard (BS EN 12464-1:2021), Light and lighting -
Lighting of work places - Part 1: Indoor work places (BSI Standards, 2021), is used for the
evaluation of simulation results in the studied design studio. It specifies lighting requirements for
humans in indoor work places, which meet the needs for visual comfort and performance of
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people having normal visual capacity. This standard offers the minimum recommendation levels
of illumination for office spaces based on the activity performance. According to the BS EN
12464-1:2021 standard, a 750 Lux illumination is required for technical drawings and similar
activities, and the minimum daylight factor for a classroom (and design studios) is 2 %. To
perform the visual drawing tasks, 1500 Lux on the workplane is recommended (Mandala, 2019).

2.3 Case Study

In this study, the lighting performance of a design studio at the Architecture Department, SUE is
evaluated. The department of architecture consists of two floors; ground floor and first floor.
Studios 1 and 2 are located on the ground floor, while studios 3,4, and 5 are located on the first
floor (see Figure 1). The floor area of each studio is 152.66 m?. These studios are designed with
an open plan layout using rectangular shape with length, width, and height dimensions of 14.2 m,
10.4 m, 2.8 m, respectively. In this study, studio 1 (ground floor) is selected, as a typical design
studio at the Department of Architecture, SUE, for simulation and evaluation of lighting level
(Lux), daylight factor (DF) and glare value. Studio 1 has three apertures (3.20 m length and 1.40
m height) on both the east and west orientations and three apertures (two 0.6 m length x 1.40 m
height and one 3.20 m length and 1.40 m height) on the north side. The window sill height for all
the apertures is 1.0 m, and these windows receive direct daylight. The finishing material used for
the walls and ceiling is gypsum plaster with white color paint and light-colored ceramic tiles are
used for the floor finishing. This studio contains 28 white color adjustable drawing tables
arranged with a grid system (four rows and seven columns).

The artificial lighting with a grid pattern on the ceiling is positioned using Philips TMS022
2x36W 2xTL-D36W/840 HF Standard + GMS022 R. The color of these lights is white and there
are twelve lights attached to the ceiling, with three lights per a row. Figure 2 shows the interior
views of the typical design studios at the Architecture Department, SUE.

FIRST FLOOR PLAN

Figure 1. Floor plans of the architecture department, SUE and the locations of the design
studios.
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Figure 2. The interior views of the design studios.

3. Results and Discussion

The simulation results of daylight and artificial light in the studied design studio are presented in
the Figures 3-5. Figure 3 shows daylighting distribution for the clear sky condition at 12:00 PM
and Figure 4 illustrates the artificial light distribution for the existing 12 light sources.
Considering the daylighting alone, the reflection factors for the ceiling, walls, and floor are 70.0
%, 53.4 %, and 75.5 %, respectively. While, for effect of the artificial light, the reflection factors
for the ceiling, walls, and floor are 81.5 %, 73.5 %, and 75.5 %, respectively (see Figure 5).

875 1620 3000 4486 6708 10031 15000 [1x]

Figure 3. Daylight (clear sky) simulation results at 12:00 PM for studio 1.
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1.94 3.79 7.40 14 28 55 106 208 405 789

1539 3000 4139 5710 7879 10871 15000 [Ix]

Figure 4. Artificial light simulation results with 12 light sources for studio 1.

Ground area 152,66 m* Clearance height 2200m - 2800 m
Ground area 152.66 m
Reflection factors Clearance height 2200 m - 2800 m Reflection factors Mounting height 2800m
Ceiling % 1.5
Walls:
Floor: Height worsinzpiame 0.800 m Helght woebire e 0800m
Wall zone workisg pane 0.000 m 0000m

Maintenance factor 0.80 (fixed) Maintenance factor 0.80 (fixed)

Figure 5. Daylight (left) and artificial light + Daylight (right) simulation results for studio 1.

By looking at the summary of results presented in Figures 6 and 7, the calculated average
daylight factor (DF ) is 1.136 %, which does not meet the target of 2.0 %. The average
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illumination level in the case of daylight alone is 408 Lux and for the artificial light is 663 Lux.
These lighting levels are below the BS EN 12464-1:2021 standard recommendations and the
1500 Lux target on the workplane cannot be met by the combined effects of both light systems.
One reason is that the design studios at the Department of Architecture, SUE have a general
lighting system and there are no direct or local lightings for the drawing tables, thus it does not
satisfy the requirement for these particular drawing activities.

The lighting uniformity has significant impact on visual performance in design studios.
Uniformity (U,) value is calculated by dividing the minimum brightness (Emin) resulting from
calculations according to the current lighting order, to the average brightness value (Eavg).
Uniformity value determined according to the type of fixture, number, light angle and mounting
position. Uniformity value greater than 0.60 is recommended in the design studios due to the fact
that the change in light levels cannot be sensed by students and that facilitates comfortable
environment. The uniformity target was not achieved in the studied case. Finally, glare is found
is the places close to the windows; however, the average glare value is 18, which does not exceed
the acceptable threshold of < 19.

Results
Symbol Calculated Target Check Index
Daylight D 1.136 % - DF1
Wotking plane O 408 Ix > 750 Ix X NP1
Us (g1) 0.00 >0.60 X [we]
Energy estimation(?) Consumption 0.00 kWh/a max. 50 kWh/a
Room Lighting power density 0.00 W/m? )

0.00 W/m?/100 Ix -

Figure 6. Evaluation of daylight results based on the recommendations of the BS EN 12464-
1:2021 standard.

Results
Symbol Calculated Target Check Index
Daylight D 1.136 % - DF1
Worling plane Bpirsesicias 663 Ix 2750 Ix X VP1
Us (g1) 0.00 > 0.60 X
Glare valuation(™ RuG. max 18 <19
Energy estimation(? Consumption [512.40 - 820.80] kWh/a max. 5350 kWh/a
Room Lighting power density 3,77 W/m? i

0.57 W/m?/100 Ix -
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Figure 7. Evaluation of Artificial light results based on the recommendations of the BS EN
12464-1:2021 standard.

4. Conclusion

The lighting performance in the design studio at the Department of Architecture, SUE is studied
through observations and computer simulations using DiaLux Evo 10 software. Considering the
British/ European Standard (BS EN 12464-1:2021) recommendations, the illumination level of
the studied design studio did not meet the minimum value of 750 Lux. Differences in
illumination levels in a space are mainly affected by the type of lights and the contribution of
daylighting through the apertures. The calculated average daylight factor was less than the
acceptability limit of 2.0 %. The uniformity target of greater than 0.60 was not met due to
inappropriate lighting type, number, or arrangement positions. Besides observing glare issues
around the apertures, the acceptable threshold of < 19 was not exceeded.

The recommendation for enhancing the lighting performance in the existing design studios is to
install task lighting on the working tables. Task lighting may facilitate concentration by
promoting illumination and contrast levels. According to the type of activity they perform, each
student can have an independent control over the task lighting. Furthermore, when architects
design windows, consideration of daylighting is crucial to boost design studio lighting
performance, thus less dependence will be on artificial light. Consequently, it results in reducing
a considerable amount of energy consumption and carbon dioxide emission, which are the
emerging goals of sustainability.
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