
International Journal of Nanoelectronics and Materials
Volume 14 (Special Issue) August 2021 [457-466]

*Corresponding author: zaid@utem.edu.my

An Experimental Study on Effect of Light Intensity to Indoor Air
Temperature and Humidity

S. Shehab1, M. Z. Akop2*, Y. M. Arifin2, M. A. Salim2, N. A. Masripan2, A. H. Nurfaizey2, F. Wasbari2, A. A. Saad2
and S. G. Herawan3

1Seiyun Community College, Hadramawt, Yemen
2Fakulti Kejuruteraan Mekanikal, Universiti Teknikal Malaysia Melaka (UTeM), Malaysia

3Industrial Engineering Department, Faculty of Engineering, Bina Nusantara University, Indonesia

ABSTRACT

It is important to understand the factors influencing thermal responses in relation to human
comfort and properly lower energy consumption. Unrelated factors to the thermal
environment have been confirmed to influence the thermal responses of occupants. However,
there are no detailed studies on these factors especially under different environmental
conditions which might be due to insufficient knowledge on the interactions of indoor
environmental factors. Therefore, it is imperative to examine the accurate and high-quality
data of light intensity. Accordingly, this study focused on the influences of light intensity on
temperature, and humidity of the indoor environment under natural and controlled
environmental conditions. The main objectives are to investigate and evaluate various
parameters affecting the light intensity of indoor air temperature and humidity. The
experimental work was implemented by designing a customized room environment
prototype of 1 × 1 × 1 m3 dimensions. This was done by changing the type of lamps and light
intensity. The obtained results showed that the light intensity is directly proportional to the
indoor air temperature. Thus, the outcomes can be considered as a reinforcement step in
emphasizing the actual effect of light intensity whereby the required lighting must be in
accordance with the daily duty.

Keywords: Indoor humidity, indoor temperature, light intensity, thermal comfort,
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1. INTRODUCTION

Humidity and temperature are essential physical factors employed in different human activities
and industrial process controls; hence, it is important to accurately detect them [1]. Moreover,
light is a phenomenon that has attracted human being since ancient time. Light intensity
explains to the amount or strength of light generated through a certain lamp source [2].
Different studies had outlined the effects of daylight on biological and psychological states of
human beings [3-4]. Daylight influences human behaviour and psychological. Mood and feelings
(psychological state) are affected by the perceived light through the human visual system. The
receptor in the visual system discerns light and emanates to the production of melatonin
(sleeping hormone) and cortisol (stress hormone) [3],[5-7]. The alteration of day and night can
be associated with different human biological rhythms. Using electric lighting had resulted in
the mediation of this cycle. Due to this, every human activity is being carried out at any time of
the day or night. The work process has been importantly altered through electric lighting, this
allows working at any time and three-shift operations (day, morning, evening, and night)[8].

Indoor lighting is developed to visualize necessities based on the regulations and standards; it
possesses low energy consumption. Human beings rely on daylight, it is presumed that the light
fitting emulate the stream of light in the day can be employed for human bodies and its rhythms;
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the emulation of a sunny day can enhance the mood in humans. The wrong illumination at an
inappropriate time can result to the disturbance of circadian rhythm, which can lead to mood
disorders, poor sleep, diabetes, depression, and obesity [3],[7], [8-9]. Weather can also affect
human’s mood [10-13]. Everyone enjoys distinct weather if it is an attractive cloudy, rainy, sunny
day, or cold wind. A sunny day is being preferred by many people; due to this, an idea of
designing indoor lighting reflecting lighting that looks like the sun was invented by utilizing an
appropriate illumination origin. Thus, the real optical factors for sunny daylight were needed to
be obtained.

In defining the thermal comfort in a building, the main parameter is an indoor air temperature
[14]. Due to elevated heat, sometimes the indoor temperature increased to about 40 °C in
northern India during summers [15]. This is an uncomfortable temperature to live with. Thus, it
is essential to add a space cooler in the building to achieve a conducive environment. Higher
energy is needed in space cooling to achieve a comfortable environment because air condition
utilized for space cooling absorb enormous energy [16]. Furthermore, the consumed energy is
higher in space cooling [17-18]. Likewise, another study was carried out to provide solutions to
these questions, which include: To what limit can the lights that are conventionally refers to as
warm and cool generate the actual sensation of heat and cold? What are their effects on the
visual and thermal comforts? What is the influence of altering transmitted light’s colour on
illumination sensation of the occupant? [19]. Additionally, the influences of correlated colour
temperatures for a light origin on thermal comfort and thermal sensation were studied; this
finding was carried out in a room lighted using a Light Emitting Diode (LED) lighting
arrangement with a modifiable correlated colour temperature where relative humidity, air
velocity and air temperature remained constant. The correlated colour temperature of the
illumination within the test roomwas modified steadily [20].

Even though, there were several findings carried out in the past, however, a newly discovered
diagram for comfortable indoor lighting has not been invented due to the fact that several
published articles on preferred or comfortable lighting conditions had depended on subjective
determinations that provide outcomes with the large inter-individual differences in subjective
functions is not clearly related to lighting zone [21]. Due to this, the re-evaluation of comfortable
indoor lighting from psychological points of view in relative to distinct experimental procedures
is necessary. In a study, 10 male Japanese were subjected to light emitted from fluorescent.
Illuminance from the correlated colour temperature CCT was varied step-wisely. Thereafter, the
considered Japanese were directed to show their knowledge of comfort, glare and brightness at
the controlled illuminances [22]. Furthermore, electroencephalogram and electrocardiogram
data were continuously ceaselessly watched to see the possible tools of boundary illuminances.
Therefore, a new illustration of comfortable indoor lighting was postulated depending on the
aggregate results [22]. In recent time, there are a prevalence in light-emitting diode (LED) lights
as a lighting source. This lighting source has a distinct distribution of spectral power that is
different from fluorescent lights.

Based on the resultant highly-localized heat fluxes and miniaturization of electronic components,
obtaining effective heat dissipation in a mannered space has constituted daunting problems to
the thermal management community. Over 70% of light-emitting diodes (LED) power is used as
heat; the evaluated heat might be justified because of the miniaturized size. This noticeably
minimized the life span, performance and reliability of LEDs; and ultimately eventually emanate
to device failure [15-18]. Higher demands on electronic cooling have resulted to the entrancing
investigation of effective cooling techniques. Traditional heat becomes submerged and
evacuates the practical heat from its source through conduction [23-25] and convection [26-28].
In addition, the conduction’s heat transfer efficiency is inherently bounded through an
enormous thermal resistance from heat sink [29-30] and frail thermal coupling between the
heat sink and heat source [23-25]. In another way, a reduced heat transfer coefficient can limit
the convective heat transports from sink to ambient [26-28]. Out of all the heat transfer modes,
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the phase-change heat transfer in relation to latent heat transportation is recognized as the
main effective technique for high-heat-flux dissolution [31-33]. Hence, it is important to have an
optimal balance between the cooling energy and electric lighting used [34].

Regarding the second variable, the humidity benefits of its increase and decrease according to
the space used. For example, it is useful in plant growth; there is a benefit in increasing humidity
of the air to improve the types of plants and vice versa. The indoor farming system provided
with artificial lighting is suggested to significantly decline the natural resources’ pressure, with
certain capabilities to minimize water for the production of food [35]. The hydroponic has
enhanced the efficiency of photosynthetic conditions under constant climatic and lighting
condition through the indoor environment, and through dehumidification for transpiration
water recovery and indoor cultivation, water use efficiency can also be improved. The water use
efficiency can be generally referred to as a gram of fresh biomass created per litre of water used
which is more than fifty times higher than recent greenhouse systems [36]. Measuring and
controlling the humidity is essential in diverse fields including agriculture, food processing, new
material development, and health services[36-37]. Since there is a great interest of
understanding and improving the internal environment of the room, it is necessary to study
whether there is an effect of the intensity of lighting on the temperature and humidity inside the
room.

In this study, the heat resulting from intensity of lighting and the extent of its effect on the
internal room temperature and humidity was investigated experimentally. It is essential to
introduce an appropriate method in measuring the parameters of light intensity which include a
variety of sensors for data collection and a prototype room to measure numbers of important
parameters in the indoor environment especially on temperature and relative humidity. The
main focus of this study is to investigate and determine the most appropriate light intensity
parameters for indoor environments' performance toward a significant understanding of energy
used throughout the indoor environmental quality and thermal comfort.

2. METHODOLOGY

In this study, a customized small room was designed and fabricated to simulate the different
lighting conditions as shown in Figure 1. The customised small room were fitted up with
adjustable and movable lamps. Two types of different lamps were used in this study. Both lamps
are easily movable in order to obtain desire effect for this study. The customised small room
also was equipped with dimmer switch to control the light intensity. This simple setup enabled
the data taken on temperature and humidity of the room based on different conditions. The
customized small room simulator provide advantage to the development of comprehensive
room environment and lighting testing capabilities to this project. Among the advantages of this
customized room simulator is design simplicity, able to simulate room with different lighting
conditions, insulated, portable and low cost.

Figure 1 presents the assessment subdivision consisting of the room of equal size in dimensions
(1 × 1 × 1 m3). Walls of the test section were prepared using aluminium plates with the
dimensions of 1 m wide, 1 m length and thickness of 3 mm. All walls were compactly isolated
from the external environment with insulation to reduce heat losses to and from the
environment.

Aluminium Composite Panel (ACP) sheets also called Aluminium Composite Material (ACM) are
made up of a thermoplastic recycled core of the L.D. polyethene sandwich bonded between two
thin sheets of aluminium. Its coated side of the aluminium sheet was polyester treated and
scratched to prevent the peeling of masking protection film. These panels are strong, frothy and
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perfect for long-term outdoor signage as well as for multi-purpose. The layers of the room wall
construction are displayed in Figure 2.

Figure 1. Experimental setup of the room.

Figure 2. Layers of the room wall [23].

For the purpose of this study, the effect of light intensity on the temperature and humidity of
indoor room, two types of lamps were used. The first type is a halogen lamp with 18 W capacity.
It is a warm light as shown in Figure 3 (a). The second type of lamp used in the study is the LED
lamp as shown in Figure 3 (b) with the same capacity of halogen lamp.
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(a) (b)

Figure 3. Halogen lamp (a) and LED lamp (b) [20].

In order to measure the air temperature of the customized room, a constant thermoplastic
copper (Type-K with a diameter of 1 mm from the probes) was used. The thermocouples were
inserted horizontally and vertically in the middle of the experimental customized room to
measure the temperature distribution in test section through the holes, which were drilled with
an appropriate diameter on one side of the experiment chamber, as well as the top wall to allow
the readings measurement at equal distances from 20, 40, 60, and 80 cm. The lateral and upper
sides were arranged horizontally and vertically, respectively. In addition, the thermocouple was
located at the centre of the bottom wall of the customized room to measure the temperature at
the longest distance. The thermocouples used in this study were calibrated at different
temperatures, from the freezing point of distilled water to the boiling point. Furthermore, the
relative humidity of indoor air in the was measured by using humidity meter of TSI’s Model
8347A.

The effect of lamps on temperature and humidity of the customized room was analysed with
proper insulation to avoid any influence of the external environment conditions. Two types of
lamps (halogen and LED) were used to study the influence of light intensity and temperature on
human comfort. A number of devices were used in this experiment, which was mentioned
earlier for the purpose of the experiment that was conducted in the laboratory under
appropriate conditions to obtain accurate results. For first stage of experimental work, the
customized room was mounted by halogen lamps on its upper surface at equal distance. The
experiment was conducted in three cases on all halogen lamps. The first case consists of nine
halogen lamps with full throttle of dimmer; the second case was on all the halogen lamps with
half throttle of dimmer and third case represent a single halogen lamp at the centre of the
customized room. The variables measured in the experimental work were temperature and
humidity distribution within the customized room. This process was repeated after replacing
the halogen with LEDs in the similar to first and second cases.

3. RESULTS AND DISCUSSION

The effect of lamp temperature on air temperature distribution in the customized room was
experimentally studied. A hole was made at the centre of the upper surface to measure the
temperature on a vertical line in the customized room and compared the outcome of analysis
with the numerical results. In the first experimental case, the surface temperature of nine
halogen lamps were measured at 79 °C (352K). The room air temperature was measured in
eight different points started from the top surface of customized room. The summary of results
obtained from the experimental works are illustrated in Table 1. Table 1 is limited to four cases
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since the case for three LED lamps was similar to the case of nine halogen lamps and case of one
LED lamp was ignored due to the absence of light intensity effect.

Table 1 The room air temperature based on various cases and different distance in z-direction

Distance in Z direction
(m)

Nine
halogen
lamps
at

79 ºC
(352 K)

Three
halogen
lamps
at
79 °C
(352 K)

One
halogen
lamps
at

79 °C
(352 K)

Nine LED lamps at
37.6 °C (310.6 K)

Point 1 0 301 301.5 301.4 301
Point 2 0.08 351.5 349.1 348.5 307.6
Point 3 0.1 335 331.3 329.4 303.6
Point 4 0.2 303.6 300 298.9 301.4
Point 5 0.4 303.8 299.5 299.5 301.5
Point 6 0.6 302.9 300.1 299.4 301.6
Point 7 0.8 303.1 300.3 299 301.3
Point 8 1 301.4 299.2 299.9 301.2

For first 3 points, the room air temperature was measured at close distances since the room air
temperature in this region was greatly affected by the heat of the lamps. The distance between
the points 4 to 8 in Table 1 was equal, and the distance from one point to another was 0.2 m.
This is due to the fact that the effect of heat lamps on the air temperature in this region was little.
The room air temperature at these points was measured on the vertical line at the centre of the
customized room and compared with the air temperature measurements that were drawn from
the numerical study. It can be clearly seen from Figure 4 that the experimental measurements of
room air temperatures for almost at all points have a good agreement with those of the
numerical work.

Z(m)

Te
m
pe
ra
tu
re
(K
)

0 0.2 0.4 0.6 0.8 1

300

310

320

330

340

350 Experimental work
Numerical work

Figure 4. Comparison between the results of numerical and experimental work for 9 lamps.

In the second experiment, the effect of temperature from three lamps on the air temperature in
the box was examined as shown in Figure 5. The Experimental results were compared with
numerical results; there was a correspondence between the numerical and experimental study
measurements.
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Figure 5. Comparison between the results of numerical and experimental work for 3 lamps.

In addition, the effect of one lamp on the temperature of the box was studied. It is noted from
Figure 6 that the results of the practical and theoretical studies are very similar. In order to
demonstrate the effect of two different types of lamps depending on the intensity of light
temperature, halogen lamps were compared with LED lamps.

Figure 6. Comparison between the results of numerical and experimental work for 1 lamp.

Figure 7 shows the effect of LED lamps on the temperature of the box, these lamps have almost
no effect except for the vicinity of the lamps in contrast to the effect of halogen lamps, which
was clearly seen on the temperature of the box, especially in the centre of the box.

Moreover, Figure 8 shows a comparison between the results of practical and theoretical studies.
The clear congruence between the two studies can be seen in this figure.
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Figure 7. Comparison between the results of numerical and experimental work for 9 LED lamps.

Figure 8. Comparison between the results of the practical study with halogen and LED lamps.

4. CONCLUSION

A significant understanding of the factors influencing thermal functions to human comfort and
properly low-energy consumption has been displayed. It has been confirmed that unrelated
factors to the thermal environment can influence the thermal functions of occupants. The
objectives are to investigate the light intensity parameters on temperature and humidity and
evaluate the light intensity requirements. Various parameters affecting the light intensity are
temperature and humidity of the indoor environment were considered experimentally using the
location of lamps at the top. The results showed that the halogen type has more effect on the
temperature. It can be concluded that as the light intensity increased, the indoor temperature
increased and the humidity is inversely proportional. It is very important to improve the
internal environment of the place according to the usage, taking into account of all the
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parameters that have a direct or indirect effect such as the comfort of the residents, etc. Thus,
more researches are needed in the future.
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