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ABSTRACT
Thermal comfort performance of three vacant naturally ventilated Royal Malaysia Police 
(RMP) case study lockups (LK1 in Penang, LK2 in Melaka & LK3 in Kuala Lumpur) was 
measured during monsoon change period from Northeast Monsoon to Southeast Monsoon. 
According to NGO’s report and previous studies, the lockups condition is very poor and 
hot which contribute to discomfort among detainees. The objectives of the study are to 
investigate thermal comfort performance of the lockups based on four environmental 
parameters (Ta, Tr, Va, & RH) through physical measurement, to predict thermal comfort 
performance based on operative temperature (To) and neutral operative temperature 
(Tneutop), and to compare the results with thermal comfort criteria recommended by 
ASHRAE 55 standard and previous thermal comfort studies in hot and humid climate. 
The results show that To and Tneutop reading of LK1 is exceeding the maximum range 
recommended by ASHRAE 55 and previous studies by 2% to 8% (To) and 1% (Tneutop) 
which categorizing LK1 condition as hot. This is mostly due to high hot airflow brought 

through an ineffective window opening. 
The results will be used as reference for 
improvement towards some aspects such 
as window opening, building finishes 
materials, space volume and building 
orientation in future lockup design.

Keywords: Hot-humid climate, naturally ventilated 
buildings, Royal Malaysian Police lockup, Thermal 
comfort performance 
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INTRODUCTION

This paper is about study on thermal comfort performance of Royal Malaysia Police (RMP) 
lockup to understand the lockups internal level of comfort. The study was conducted on 
three lockups in three different locations which are Penang, Melaka and Kuala Lumpur 
during monsoon change period from Northeast Monsoon to Southeast Monsoon which 
is hot and humid. The results obtained from this study will be used to be compared with 
international standard such as ASHRAE 55 and the result obtained by other previous 
researcher on the building not limited to the lockup study since there is no study have been 
conducted on lockup in Malaysia.

Several criteria have been set during selection of the lockup cells for the field study 
purposes such as the lockup cells must have complete natural ventilation. All fans and 
exhaust fans were switched off throughout the study period if any. The selected cells for 
all case study lockups must have close similarities in terms of cell size and finishing to 
minimize the difference. In addition to this, field study was conducted on vacant lockup 
cells to understand maximum thermal comfort at zero attendee (default actual maximum 
thermal comfort measurement).

Although the study was conducted on three case study lockups at three different 
locations at different day, it will not affect the objective of the study. Results obtained from 
the three case study lockups will not be compared but will be used to understand each 
lockup thermal comfort performance based on window openings and space volume factor.

Royal Malaysian Police (RMP) Lockup

RMP lockup is often associated with guilty individuals or better known as detainees or 
‘Orang Kena Tangkap’ (OKT). It is also known as a place that is bound by various rules, 
punishments, laws and is categorized as a Prohibited Area and Prohibited Place or ‘Kawasan 
Larangan dan Tempat Larangan’ (KLTL) for ordinary people who do not know its actual 
function and role (PDRM, 1953; SUHAKAM, 2016).

There are two types of RMP lockup namely regular lockup which are available at police 
stations, and centralized lockup. Both types of lockup have their own function. The regular 
lockup is only for remand detainees while waiting for the detainees to be taken to court 
which subsequently serve a sentence in prison. Detainees are usually detained for about a 
day or not more than 24 hours (PDRM, 1953; Perlembagaan Persekutuan Malaysia, 2010). 
While the centralized lockup serve to detain detainees for a longer period of time which up 
to 90 days after being brought to court or during remanded period and this lockup is often 
used to house detainees involved in serious offenses such as crime, murder, gambling and 
drugs (SUHAKAM, 2016).

Previous studies on RMP lockup are more qualitative and thematic by using interview, 
questionnaires and observations as data gathering method. Table 1 shows the previous 
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studies conducted on rehabilitation facilities building such as lockup and prison locally 
and globally.

Referring to Table 1, study by SUHAKAM (2016) was qualitative or thematic based 
on observations and interviews conducted. No measurement instruments at the studied 
site were scientifically recorded. While the study conducted by Dogbeh et al. (2014) was 
focusing on qualitative and quantitative study on Indoor Air Quality (IAQ) which include 
air temperature, relative humidity and carbon dioxide factor. The study by Zaharin et al. 
(2019) was related to the RMP police station’s design and facilities layout planning which 
coincide with RMP Standard Operating Procedure (SOP) through observation methods 
of the case studies, scientific studies, interviews and semi-structured questionnaires on 
respondents. Slightly different in terms of focused subject on study Razak et al. (2020) 
which it is more to the presentation of information related to the typology of lockup design 
based on scientific studies, case studies and preliminary analysis. Additionally, no scientific 
physical measurement instruments related to natural ventilation and RMP lockup thermal 
comfort were used in the abovementioned studies.

Common issues highlighted by Non-Government Organization (NGO) such as 
Malaysian Human Rights Commission (SUHAKAM) are natural ventilation which might 
cause by inefficient window design. Referring to Figure 1, majority of the opinion is on poor 

Table 1 
Studies related to correctional facilities

Research title Author Findings
Deaths in Police Custody 
a Thematic Study on 
Lock-Up Conditions and 
Factors Contributing to 
the Death

(SUHAKAM, 
2016)

Studies related to the conditions and factors that contribute 
to the death of detainees through qualitative and thematic 
methods in interviews and observations on respondents 
and study areas.

Field study of the indoor 
environment in a Danish 
prison

(Dogbeh et al., 
2014)

Qualitative and quantitative study of the indoor air quality 
of the prison which includes air temperature, relative 
humidity, and carbon dioxide factors.
Quantitative - Use of measuring instruments HOBO U12-
012 Temperature/Relative Humidity/ Light/External Data 
Logger dan Vaisala GMW22 Carbon Dioxide.
Qualitative - Use of interview scheme and questionnaire 
based on ASHRAE-7 standard scale on respondents.

Added Value to Security 
Building Design Case 
Study: Police Station in 
Malaysia

(Zaharin et al., 
2019)

Qualitative study related to design planning and layout of 
RMP police station facilities that meet standard operating 
procedures (SOP) through observation methods of case 
studies, scientific studies, interviews, and semi-structured 
questionnaires on respondents.

Research on the Design 
Typology of the Royal 
Malaysian Police (RMP) 
Lockups

(Razak et al., 
2020)

Qualitative study related to the typology of the Royal 
Malaysian Police (RMP) Lockups through case studies 
and literature review studies on the design of existing 
security agency lockups.
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ventilation with 156 opinions from the detainees. The condition of the lockup is described 
as hot which contribute to the discomfort among detainees (SUHAKAM, 2016). Based 
on the statement of the Nelson Mandela Rules, every detainee should be provided with a 
facility that meets physical and mental needs considering environmental factors such as 
ventilation (SUHAKAM, 2016). According to Dogbeh et al. (2014), most detainees feel 
dissatisfied with the thermal comfort and air quality of the indoor environment caused by 
the lack of ventilation and excessive direct sunlight into the detention space.

However, most studies conducted previously are too brief without proper measurement 
and analysis to understand further on the contributing factor to the lockups condition. Hence 
it shows a need to have a field study through physical measurement by using appropriate 
instrument on the problematic lockup highlighted by the NGO.

The objectives of the study are to investigate lockup thermal comfort performance 
based on four environmental parameters (Ta, Tr, Va, & RH) through physical measurement 
of field study, to predict thermal comfort performance based on the adaptive model indices 
Operative Temperature (To) and Neutral Operative Temperature (Tneutop), and to compare 
the results with thermal comfort criteria recommended by ASHRAE 55 and previous 
thermal comfort studies in hot and humid climate.

Malaysia Climate

Climate conditions are major influence factor to the design of a building which is close 
related to the user comfort as well as complying with the efficient construction criteria 

Figure 1. Opinion on lockup cell infrastructure
Source: (SUHAKAM, 2016)
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(Tharim et al., 2018). Malaysia is well known with the hot and humid climate with 
minimum annual average temperature between 23.7°C to 26.4°C and maximum annual 
average temperature between 26.4°C to 31.3°C with an average minimum daily temperature 
between 23.0°C to 29.0°C and maximum daily temperature between 34.0 °C to 36.9 °C. 
Malaysia experience high relative humidity rate throughout the year between 40% to 90%. 
The average annual rainfall distribution rate is between 2000 mm to 2500 mm which makes 
Malaysia as a country with a relatively high rainfall distribution rate. Malaysia average 
annual rate of sunlight reception is between 6 to 7 hours a day which is categorized as high 
compared to other countries given that Malaysia position surrounded by oceans (Jabatan 
Meteorologi Malaysia, 2020). As a result, it is quite difficult to achieve an efficient level 
of thermal comfort through natural ventilation in hot and humid climate region.

Thermal Comfort

Thermal comfort is defined as a condition in which the mind describes satisfaction with 
the thermal environment and it is assessed by subjective assessment (ASHRAE 55, 2017; 
Yang & Clements-Croome, 2018). Zhang et al. (2007) stated that thermal comfort is a 
condition associated with the thermal environment satisfaction. The interaction of human 
terms with the environment involves physical and psychological responses. Thermal 
interaction between human and surrounding area involves physical and psychological 
response. This shows that thermal comfort is closely related to the human mind, physical 
and psychological factor through response towards surrounding environment.

According to building science, thermal comfort is defined as the balance of heat 
transfer between human and their environmental condition (Tang & Chin, 2017). Thermal 
comfort can also be influenced by the interaction between the building and the surrounding 
environment (Tharim et al., 2018). While general perception of thermal comfort is a 
condition where human mind, physical and psychological respond to the balance of heat 
transfer influenced by factors such as internal and external environment of the building 
and human body condition which are very subjective to be measured.

Ventilation through an efficient window’s opening either by cross ventilation or stack 
effect approach as well as a combination of other passive ventilation systems are able 
to ensure thermal comfort factors such as air temperature, air speed, air humidity and 
temperature radiation are achieved (Gharakhani et al., 2014). This thermal comfort can 
also be achieved and experienced regardless of types of clothing worn and individual 
metabolism rate during any of activities carried out by individual.

However, it is not as easy as expected because natural ventilation with hot and humid 
climates throughout the year is highly dependent on the surrounding condition (Jiang et 
al., 2003) such as air speed and wind pressure to bring fresh air into the building to replace 
existing air, reduce humidity and provide sufficient ventilation in the building. This has 
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been a great challenge to Architects and Engineers in Malaysia to design a building that 
can meet all criteria especially on efficient ventilation and high thermal comfort as well as 
providing a healthy and well perform environment to the user apart from efficient energy 
consumption (Azizpour et al., 2013; Chan et al., 2013).

Factors Affecting Thermal Comfort. According to ASHRAE 55 (2017), thermal comfort 
can be influenced by two factors which are physical (environmental) and individual 
(personal) factor. Physical factor consists of air temperature, air speed, relative humidity and 
mean radiant temperature. While individual factor consists of metabolic rates and clothing. 
Meanwhile Al-Absi & Abas (2018) stated that other contributing factors such as perception, 
acclimatize (Azizpour et al., 2011), experience, age and gender, health conditions, food 
and drink as well as body shape are also categorized as the third influencing factors to the 
thermal comfort. All these factors can change according to the time and conditions of the 
environment as well as individual. In other words, it is difficult to achieve full satisfaction 
of thermal comfort due to various factors.

A building is designed and built to suit the user’s needs, comfortability and criteria 
(Nordin et al., 2017). As a shelter, a place to carry out activities such as work, leisure, 
and rest, a building must meet the criteria needed by the users including comfortable, 
conducive and safe while living in it (Davies & Jokiniemi, 2008; Tharim et al., 2018). A 
good design concept should emphasize selection of appropriate site (Chan et al., 2013), 
best orientation and space (Xue et al., 2016), appropriate materials and finishes (Yusoff & 
Mohamed, 2017), adequate ventilation and lighting as well as appropriate facilities (Xue 
et al., 2016). All the above criteria are considered best practice for design and built for 
all types of building including facilities for national security agencies such as the Royal 
Malaysian Police (RMP) lockup which houses a huge number of detainees.

Table 2 shows summary of previous thermal comfort studies of naturally ventilated 
building in hot and humid region for various types of building.

Apart from the studies stated in Table 2, other studies related to thermal comfort for 
naturally ventilated building that have been conducted by previous researchers are more 
towards residential (Attia & Carlucci, 2015; Han et al., 2007; Kubota et al., 2009; Nur’aini, 
2017; Taweekun & Tantiwichien, 2013; Wong et al., 2020), office building (Aminuddin et 
al., 2012; Damiati et al., 2016), educational facilities such as classroom, kindergarten and 
hostel (Dahlan et al., 2008; Fabbri, 2013; Kamaruzzaman & Tazilan, 2013). So far there 
is no thermal comfort study and field investigation have been conducted on correctional 
facilities especially police lockup in hot and humid climate region. Since there is no 
reference related to the naturally ventilated correctional facilities in hot and humid climate 
region, the findings and results obtained from the studies in Table 2 and others are still 
relevant to be used as reference and guideline for the present study.
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Thermal Comfort Evaluation Model. There are two thermal comfort models that are 
often used by previous researchers to measure the thermal comfort performance of a 
building which are static model and adaptive model. Static model depends on the controlled 
environmental conditions (steady-stated condition). Adaptive model is more focused on 
field studies with a combination of surveys of respondents and also studies on thermal 
comfort variable (Maarof, 2014). For the present study purpose, adaptive model by using 
operative temperature and neutral operative temperature indices is implemented.

Adaptive Model - Operative Temperature (To) and Neutral Operative Temperature 
(Tneutop). Adaptive model relates with indoor temperature or acceptable temperature 
ranges to climatological parameters or outdoor thermal environmental variable especially 
for naturally ventilated building (de Dear & Brager, 2002; Toe & Kubota, 2013) and also 

Table 2
Summary of previous thermal comfort studies of naturally ventilated building in hot and humid region

Author Country Koppen 
Climate

Type of 
building

Type of 
study

Temperature of comfort / 
range (°C)

(Webb, 
1959)

Singapore Tropical 
Rainforest

Buildings Field study 26.0ºC
Optimum value (thermally 
comfort)

(de Dear et 
al., 1991)

Singapore Tropical 
Rainforest

High rise 
residential 
(NV) and office 
building (AC)

Field 
experiments

29.6ºC
Neutral temperature (NT)
Operative temperature (To) 
(NV)

(de Dear 
& Brager, 
2002)

Thailand, 

Indonesia, 

Singapore

Tropical 
Monsoon
Tropical 
Rainforest
Tropical 
Rainforest

Office Field study 26.0 – 27.0ºC (26.7ºC)
Neutral temperature (NT)(NV)

(Wong & 
Khoo, 2003)

Singapore Tropical 
Rainforest

Classroom Field Study 28.8ºC
Neutral temperature (NT)

(Feriadi & 
Wong, 2004)

Indonesia Tropical 
Rainforest

Residential Field study 29.2ºC
Operative temperature (To)
29.9ºC Effective temperature 
(ET*)

(Zain et al., 
2007)

Malaysia Tropical 
Rainforest

Residential Field study 30.9ºC
Operative temperature (To)

(Djamila et 
al., 2013)

Malaysia Tropical 
Rainforest

Residential Field study 30.2 ºC
Neutral Temperature (NT)

(Toe & 
Kubota, 
2013)

Malaysia Tropical 
Rainforest

Buildings Field study Neutral operative temperatures
24.9 – 31.2ºC (hot–humid)
24.8 – 33.7ºC (hot-dry)
19.0 – 24.7ºC (moderate 
climates)
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fundamental of physics and physiology factors (ASHRAE 55, 2017; de Dear & Brager, 
2002). These factors are important for adaptive models in determining expectations and 
perceptions of thermal perception by the occupants (de Dear & Brager, 2002). Various 
adaptive indices have been used by previous researchers in determining comfort condition 
in their study such as Operative Temperature (To), Effective Temperature (EF*), Standard 
Effective Temperature (SET), Equatorial Thermal Index (ETI), Adaptive Comfort Standard 
(ACS) and more.

In the present study, operative temperature (To) indices is used to calculate and analyze 
the mean radiant temperature reading (Tr) results obtained through physical measurement 
from the globe temperature (Tg) (50 mm diameter black globe thermometer probe) in case 
study lockup according to ASHRAE 55 (López-Pérez et al., 2019). Various equations have 
been introduced by the previous researcher in the calculations of operative temperature. 
According to ASHRAE 55 method, Equation 1 was used to calculate operative temperature.

To		  = ATa + (1-A) Tr		  (1)

Where
To		  = operative temperature
Ta		  = average air temperature
Tr		  = mean radiant temperature
A can be selected from the following values as a function of the average air speed Va 
(Va <0.2 m/s

(A = 0.5), Va 0.2 m/s to 0.6 m/s (A = 0.6), Va 0.6 m/s to 1.0 m/s (A = 0.7)

Operative temperature was then analyzed by using a new adaptive equation produced 
by Toe & Kubota (2013) which is Neutral Operative Temperature (Tneutop). Neutral 
operative temperature equation was chosen based on a comprehensive study and analysis 
through meta-analysis of the ASHRAE RP-884 database with reference to two major 
adaptive standard which are ASHRAE and BSI EN 15251. Both are developed specifically 
for naturally ventilated building in countries with hot and humid climate such as Malaysia. 
This equation is also formulated by considering prevailing outdoor air temperature, indoor 
air speed and relative humidity. Therefore, the Tneutop determined by Equation 2 is more 
suitable for the present study.

Tneutop	 = 0.57Toutdm + 13.8		  (2)

Where
Tneutop	 = indoor neutral operative temperature
Toutdm	 = daily mean outdoor air temperature
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METHODS

Case Study Lockups

The case study lockups details are shown in Table 3 and Figure 2. The lockups were 
recommended by RMP based on previous findings by SUHAKAM.

Table 3 
Case study lockup background

Case study 
lockup State Police District Background

LK1
Jalan Patani

North East District 
Police Headquarters, 
Penang.
(Figure 2a)

Single storey building consists of 14 cells with two different 
capacity: 3 or 6 detainees per cell. LK1 main purpose is to 
temporarily house male detainees as well as foreign detainees 
before being remanded in court.

LK2
Alor Gajah

Alor Gajah District 
Police Headquarters, 
Melaka.
(Figure 2b)

Located on the ground floor of two-storey building. It consists 
of 11 adult male detention cells, 3 female detention cells and 2 
juvenile detention cells. All cells are capable to accommodate 
between 1 to 3 prisoners at a time. Gazetted in 2001, LK2 
serves as a centralized lockup and temporary place for 
detainees before being remanded in court.

LK3
Jinjang Kuala 
Lumpur 
Central

Sentul District Police 
Headquarters, Federal 
Territory of Kuala 
Lumpur
(Figure 2c)

A three-story building that almost exclusively serves as lockup 
with various size and type of cells for male, female, and even 
juvenile detainees. LK3 consists of a cell designed for 3, 6 or 
9 detainees. LK3 main purpose is to house detainees before 
being remanded in court as well as housing serious offenders 
facing serious criminal cases such as drug, gambling, human 
trafficking and gangsterism.

Figure 2. Site and building of the case study lockups: (a) LK1; (b) LK2; (c) LK3

LK1 location

LK1 location

LK3 
location LK3 location

LK2 location

LK2 location

(a)

(c) (b)
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Table 4 shows a summary of the case study lockups location, conceptual floor plan, 
conceptual section and measuring instrument location (LK1, LK2 and LK3). Table 5 shows 
a summary of information related to case study lockup (LK1, LK2 and LK3).

Physical Measurement Duration

Physical measurements were carried out between March and August 2020, during monsoon 
change where Malaysia experience a relatively dry season with wind speeds of less than 
15 knots (7.7 m/s) (Jabatan Meteorologi Malaysia, 2020). The average daily temperature 
during this period of time is considered high which is between 31.2°C to 33.2°C (World 
Meteorological Organisation, 2020). Physical measurement at this point of time is strongly 
recommended to understand better on thermal comfort of the lockups in hot and humid 
climate region (Gharakhani et al., 2014; Xue et al., 2016).

The physical measurements were carried out from 15 to 20 March 2020 for LK1, 20 to 
25 July 2020 for LK3 and on 27 July to 1 August 2020 for LK2. This physical measurement 
was conducted 24 hours of 5 consecutive days. One hour a day was allocated for data 
collection, battery change and device reset. The total rainfall distribution recorded for the 
three case study lockups is minimal during the physical measurement period.

Physical Measurement Instrument

Two types of appropriate instruments which comply to the ISO 7726 requirement (ASHRAE 
55, 2017) were used to measure four environmental parameters which are air temperature 
(Ta), mean radiant temperature (Tr), air speed (Va) and relative humidity (RH). Delta Ohm 
Thermocouple Infrared Thermometer HD32.23 WBGT-PMV was used to measure indoor 
parameters and Seven Elements Integrated Weather Sensor WTS700 was used to measure 
outdoor parameters. Summary of instruments, parameters measuring ranges and recording 
method are demonstrated in Table 6 and Figure 3.

All physical measurement instrument used are calibrated to ensure that data collected 
are accurate and to avoid any data discrepancy.

Physical Measurement Procedure and Evaluation of Thermal Comfort 
Performance

Following Class I field research protocol (Maarof, 2014), three sets of Delta Ohm 
Thermocouple Infrared Thermometer HD32.23 WBGT-PMV instrument with three 
different height of leveling from the floor were placed inside the lockup to measure indoor 
thermal comfort performance. All physical measuring instruments used in this study follow 
ASHRAE Standard 70 or 113 or ISO 7726. As stated in Table 7, the physical measuring 
instruments have been placed at the center of the bed (center of the lockup) as it is the main 
area which usually occupied by the detainees especially for sleeping, sitting, and standing 
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activities (steady-state conditions). Seven Elements Integrated Weather Sensor WTS700 
was located at an open space outside the building with no airflow obstruction. 

The evaluation of indoor thermal comfort performance was conducted based on 
ASHRAE Standard 55 - ‘Thermal Environmental Conditions for Human Occupancy’ 
recommendation as shown in Table 7 as it is more relevant for this study and recognized 
globally (Gharakhani et al., 2014; Xue et al., 2016).

RESULTS AND DISCUSSION

This section shows the results obtained based on the field study conducted for all three case 
study lockups. Statistical summaries of the indoor and outdoor measurements, prediction of 

Figure 3. The instruments used in the present study: (a) Delta Ohm Thermocouple Infrared Thermometer; 
(b) The instruments probe; (c) Seven Elements Integrated Weather Sensor WTS700; (d) Seven Elements 
Integrated Weather Sensor WTS700 location for all three case study lockups

Table 6 
Summary of instrument, parameters measuring ranges and accuracy

Instrument Unit / Set Parameters Measuring ranges Accuracy
Indoor Parameters
Delta Ohm Thermocouple 
Infrared Thermometer
HD 32.3 WBGT-PMV
Probe: AP 3203.2
Probe: AP 3217.2
Probe: AP 3217.2

3
(DO1, DO2, 
DO3)

Air temperature
Air speed
Relative humidity
Globe temperature

0°C to 100°C
0 to 5 m/s
5% to 98%
-10 °C to 100 °C

Class 1/3 Din
±0.05 m/s
±2.5%
Class 1/3 Din

Outdoor Parameters
Seven Elements Integrated 
Weather Sensor WTS700 

1
(WTS700)

Air temperature
Air speed
Relative humidity

-40°C to 60°C
0 to 60 m/s
0% to 100%

±0.3ºC
±0.3 m/s
±2%
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the indoor operative temperature (To) and indoor neutral operative temperature (Tneutop) 
for LK1, LK2 and LK3 were discussed and compared to ASHRAE 55 using parameters 
range and recommended comfort criteria.

Statistical Summaries of the Indoor and Outdoor Measurements, Analysis 
of Prediction of the Indoor Operative Temperature (To) and Indoor Neutral 
Operative Temperature (Tneutop) for LK1

Figure 4 shows the statistical summaries of the indoor and outdoor measurements recorded 
from all three measuring instruments in LK1 for five days measurement.

The average indoor air temperature recorded is higher than ASHRAE 55 which 
is 31.7oC for DO1 and DO3 and 31.4°C for DO2. The readings recorded shows small 
difference from the average outdoor air temperature with average reading 31.0°C as shown 
in Figure 4a.

The average indoor air speed recorded by DO1 and DO2 is equal with reading 0.07 
m/s for both instruments. However, DO3 shows slightly high average indoor air speed 
reading which is 0.25 m/s as shown in Figure 4b. The difference in DO3 readings may be 
influenced by the levelling difference, positioning to the window and window opening. 
DO3 was levelled slightly higher compared to DO1 and DO2 which at the same time give 
it a position nearer to the window. The reading collected by the DO3 may highly influenced 
by high average outdoor air speed 0.77 m/s and large window opening (2.7 m (W) x 1.0 
m (H)) with 30% of floor area.

The average indoor relative humidity recorded are 60.1% for DO1, 58.2% for DO2, 
and 59.7% for DO3 as shown in Figure 4c. The average indoor relative humidity recorded 
are not much different compared to the average outdoor humidity with reading 58.3%. 
The average indoor relative humidity recorded are good and within the acceptable range 
by ASHRAE 55. This might be due to the ample mean air speed to facilitate indoor air 
circulation, which in turn helps in reducing LK1 humidity.

The mean radiant temperature recorded during field measurements are 31.6 °C for DO1, 
31.3°C for DO2 and 31.5°C for DO3 as shown in Figure 4d. It shows not much difference 
between the three readings recorded. The mean radiant temperature readings are slightly 
lower than the result of mean air temperature readings. This indicates that there are other 
influencing factors.

Indoor and outdoor measurement data obtained were then used to predict operative 
temperature and neutral operative temperature. In the present study, linear regression by 
using Equation 1 was selected in calculating operative temperature because it is widely 
used method for neutral temperature prediction according to ASHRAE 55.

According to Equation 1, the value of A used in the calculation of operative temperature 
for DO1 and DO2 is 0.5 because the average air speed <0.2 m/s while for DO3, the value 
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(a)

(b)

(c)

(d)
Figure 4. Statistical summaries of the average comparison indoor and outdoor measurements for LK1: (a) 
Air temperature; (b) Air speed; (c) Relative humidity; (d) Mean radiant temperature
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of A used is 0.6 because the average air speed recorded is 0.25 m/s which is in 0.2 m / s 
to 0.6 m/s range.

The Tneutop determined by Equation 2 was used in calculating neutral operative 
temperature. To use this equation, daily average outdoor air temperature (Toutdm) must 
be in the range between 19.4°C to 30.5°C and indoor air speed <0.65 m/s at and below 
neutral operative temperature; ≥0.65 above neutral operative temperature. There is no limit 
for indoor humidity set in this equation. Average indoor air speed for LK1 is within the 
set limit which is <0.65 m/s while daily average outdoor air temperature for LK1 slightly 
exceed the set limit by the equation about +0.05°C during calculation.

As a result, the indoor operative temperature is between 31.4°C to 31.6°C while the 
neutral operative temperature is 31.5°C for LK1 as shown in Figure 5.
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Figure 5. Summaries of the (a) operative temperature and (b) neutral operative temperature prediction for 
LK1

Statistical Summaries of the Indoor and Outdoor Measurements, Analysis 
of Prediction of the Indoor Operative Temperature (To) and Indoor Neutral 
Operative Temperature (Tneutop) for LK2

Figure 6 shows the statistical summaries of the indoor and outdoor measurements recorded 
from all three measuring instruments in LK2 for five days measurement.
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Figure 6. Statistical summaries of the average comparison indoor and outdoor measurements for LK2: (a) 
Air temperature; (b) Air speed; (c) Relative humidity; (d) Mean radiant temperature

(a)

(b)

(c)

(d)
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The average indoor air temperature recorded are 28.2°C for DO1, 28.0°C for DO2, 
and 28.1°C for DO3. The readings recorded are slightly higher than the average outdoor 
air temperature with readings 26.0°C as shown in Figure 6a.

The average indoor air speed recorded by DO1, DO2 and DO3 is too low and not much 
different compared to each other with readings between 0.00 m/s to 0.01 m/s although the 
DO3 was positioned near to the window as shown in Figure 6b. This may cause by small 
window opening (0.6 m (W) x 0.6 m (H)) with 4% of floor area which is below 10% plus 
5% unobstructed opening as required by Malaysian UBBL even though average outdoor 
air speed recorded is 0.39 m/s.

The average indoor relative humidity recorded are 79.0% for DO1, 82.6% for DO2, and 
80.3% for DO3 as shown in Figure 6c. Average indoor relative humidity recorded are very 
high and exceed the acceptable range by ASHRAE 55. This may be due to the insufficient 
mean air speed to facilitate indoor air circulation, which does not help in reducing LK2 
humidity and influenced by high outdoor humidity with average 88.5%.

The average mean radiant temperature recorded during field measurements are 27.6°C 
for DO1, 27.8°C for DO2, and 27.6°C for DO3 and there is not much difference between 
the three readings recorded as shown in Figure 6d. The average mean radiant temperature 
readings are slightly lower than the result of average indoor air temperature readings and 

Figure 7. Summaries of the (a) operative temperature and (b) neutral operative temperature prediction for LK2
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this indicates that there are other influencing factors such as space height where LK2 in 
slightly higher with 3.2 m height.

According to Equation 1, the value of A used in the calculation of operative temperature 
for all measurement instruments (DO1, DO2 and DO3) is 0.5 because the average air speed 
<0.2 m/s which is between 0.00 m/s to 0.01 m/s only.

The average indoor air speed which is between 0.00 m/s to 0.01 m/s and average 
outdoor air temperature which is between 26.0°C for LK2 is within the set limit and comply 
with the requirements as prescribed by Equation 2.

The indoor operative temperature has been determined between 27.8°C to 27.9°C while 
the neutral operative temperature is 28.6°C for LK2 as shown in Figure 7.

Statistical Summaries of the Indoor and Outdoor Measurements, Analysis 
of Prediction of the Indoor Operative Temperature (To) and Indoor Neutral 
Operative Temperature (Tneutop) for LK3

Figure 8 shows the statistical summaries of the indoor and outdoor measurements recorded 
from all three measuring instruments in LK3 for five days measurement.

The average indoor air temperature recorded are 28.7 °C for DO1 and DO3 and 28.5 °C 
for DO2. The readings recorded are slightly higher than the average outdoor air temperature 
with reading 27.3°C as shown in Figure 8a.

The average indoor air speed recorded by DO1, DO2 and DO3 is also low and not much 
different with readings between 0.01 m/s to 0.04 m/s although DO3 was positioned near 
to the window opening as shown in Figure 8b. The low LK3 reading might be influenced 
by small window opening (0.6 m (W) x 0.6 m (H)) with 4.6% of floor area which is below 
10% plus 5% unobstructed opening as required by Malaysian UBBL even though average 
outdoor air speed recorded is quite high which is between 0.32 m/s to 0.53 m/s. In addition, 
the average air speed recorded is higher about +0.01 to +0.03 m/s than recorded by LK2.

The average indoor relative humidity recorded are 77.5% for DO1, 80.6% for DO2 
and 78.8% for DO3 as shown in Figure 8c. Average indoor relative humidity recorded are 
very high and exceed the acceptable range by ASHRAE 55. This may be due to the low 
average air speed in facilitating indoor air circulation, which does not help in reducing LK3 
humidity. It may also influence by high average outdoor humidity with reading of 81.9%.

The average mean radiant temperature recorded during field measurements are 28.2°C 
for DO1, 28.3°C for DO2 and 28.4°C for DO3. There is not much difference between the 
three readings recorded as shown in Figure 8d. The mean radiant temperature is slightly 
lower than mean air temperature. This indicates other influencing factors such as the 
effect of epoxy paint finish on the LK3 walls which is still in a good condition during the 
measurement period.
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Figure 8. Statistical summaries of the average comparison indoor and outdoor measurements for LK3: (a) 
Air temperature; (b) Air speed; (c) Relative humidity; (d) Mean radiant temperature

(a)

(b)

(c)

(d)



1648 Pertanika J. Sci. & Technol. 29 (3): 1627 - 1654 (2021)

Bismiazan Abd. Razak, Mohd. Farid Mohamed, Wardah Fatimah Mohammad Yusoff and Mohd. Khairul Azhar Mat Sulaiman

According to Equation 1, the value of A used in the calculation of operative temperature 
for all LK3 measurement instruments (DO1, DO2 and DO3) is 0.5 because the average air 
speed <0.2 m/s which is between 0.01 m/s to 0.04 m/s only.

The average indoor air speed which is between 0.01 m/s to 0.04 m/s and average 
outdoor air temperature 27.3°C for LK3 is also within the set limit which is between 19.4°C 
to 30.5°C and comply with the requirements as prescribed by Equation 2.

The indoor operative temperature has been determined between 28.4°C to 28.5°C while 
the neutral operative temperature is 29.3°C for LK3 as shown in Figure 9.

Discussions and Comparison to ASHRAE 55 and Previous Studies

To evaluate thermal comfort performance, comfort range for thermal comfort recommended 
by ASHRAE 55 (2017) (minimum range), Zain et al. (2007) (maximum range) and Toe 
& Kubota (2013) for naturally ventilated building in hot and humid climate were used as 
shown in Table 8.

The average indoor operative temperature obtained in the present study for LK1 (31.4ºC 
to 31.6ºC) is slightly exceeding the maximum limit recommended by ASHRAE 55 (2017) 
by about +2.4ºC to +2.6ºC and Zain et al. (2007) by about +0.5ºC to +0.7 ºC. The average 
neutral operative temperature obtained in the present study for LK1 (31.5 ºC) is also found 

Figure 9. Summaries of the operative temperature and neutral operative temperature prediction for LK3
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slightly exceeding the maximum limit by about +0.3 ºC compared to the indoor comfort 
temperature recommended by Toe & Kubota (2013).

The average indoor operative temperature obtained in the present study for LK2 (27.8ºC 
to 27.9ºC) and LK3 (28.4ºC to 28.5ºC) recorded within the minimum and maximum limit 
as recommended by ASHRAE 55 (2017) and Zain et al. (2007). The average neutral 
operative temperature obtained in the present study for LK2 (28.6ºC) and LK3 (29.3 ºC) 
recorded within the indoor comfort temperature recommended by Toe & Kubota (2013).

CONCLUSION

Field study with physical measurement of the thermal environment and comfort in three 
different lockups were in hot and humid climate conducted to investigate and analysis the 
thermal comfort performance and to predict comfort range for all three case study lockups. 
Although 3 sets of measurement instruments were used in the present study, the reading 
data obtained between the three instruments were not much different from each other. The 
conclusions are as follows:

1.	 LK1 – Average indoor air temperature reading is high which may be due to large 
window opening. Based on the field measurement, the window opening is 30% 
of the floor area which 15% exceeding Malaysian UBBL requirement. Other 
influencing factors are high average outdoor air speed and wind direction which is 
perpendicular to window opening. Since the field study were conducted during hot 
season, the air brought into the lockup was hot and dry which cause low relative 
humidity. The operative temperature obtained is slightly exceeding the maximum 
range recommended by ASHRAE 55 (2017) by about +2.4ºC to +2.6ºC and Zain et 
al. (2007) by about +0.4ºC to +0.7ºC. The neutral operative temperature obtained 
in the present study for LK1 (31.5 ºC) also found slightly exceeding by about 
+0.3ºC within the recommended by Toe & Kubota (2013).

Table 8 
Comparison of comfort range and recommended comfort criteria among previous studies, ASHRAE 55 
and present study

Parameters

(ASHRAE 55, 
2017)

(minimum 
range)

(Zain et al., 
2007)

(maximum 
range)

(Toe & Kubota, 2013)
(minimum to 

maximum range)

Present study
(average)

Operative 
temperature

24.0°C – 29.0°C 30.9ºC NA LK1: 31.4°C to 31.6°C
LK2: 27.8°C to 27.9°C
LK3: 28.4°C to 28.5°C

Neutral 
operative 
temperature

NA NA 24.9 – 31.2 ºC LK1: 31.5°C
LK2: 28.6°C
LK3: 29.3°C
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2.	 LK2 – Average indoor air temperature reading is within the range recommended 
by ASHRAE 55 (2017). While indoor relative humidity reading is high which may 
be due to insufficient indoor air speed which caused by small window opening, 
4% of the floor area which 11% below Malaysian UBBL requirement although 
wind direction is perpendicular with the window opening. The indoor operative 
temperature obtained is within the minimum and maximum range recommended 
by ASHRAE 55 (2017) and Zain et al. (2007) while indoor neutral operative 
temperature for LK2 (28.6 ºC) recorded within the recommended by Toe & Kubota 
(2013).

3.	 LK3 – Average indoor air temperature reading is within the range recommended 
by ASHRAE 55 (2017). While indoor relative humidity reading is high which may 
be due to insufficient indoor air speed which caused by small window opening, 
4.6% of the floor area which is 10.4% below Malaysian UBBL requirement and 
parallel wind direction to the window opening. The indoor operative temperature 
obtained is within the minimum and maximum range recommended by ASHRAE 
55 (2017) and Zain et al. (2007) while indoor neutral operative temperature for 
LK2 (29.3 ºC) recorded within the recommended by Toe & Kubota (2013).

4.	 In general, this three case study lockups have different window openings and space 
volume which influence indoor thermal comfort performance. Thus, subsequent 
study shall look on this aspect to determinant its level of influence.

5.	 The results of the three case study lockups support most of the statements made by 
the detainees as stated in NGO’s report and previous studies which is the lockup 
is hot and contribute to discomfort among detainees as mentioned earlier.

This is an early study for future rigorous investigation that will lead to better 
understanding on the effect of opening design on the thermal comfort performance of 
lockup. In addition, further study using static models of thermal comfort through the 
Predicted Mean Vote (PMV) and Percentage of People Dissatisfied (PPD) indexes on 
existing detainees are recommended to be conducted to compliment the results obtained 
in this study in producing comprehensive results on the thermal comfort performance of 
RMP lockups.
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