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Abstract 

With the world moving toward achieving sustainable development goals (SDGs) by 2030, There is a need to 

address the issues that are directly and indirectly responsible for climate change especially those influence the 

use of a non-renewable source of energy. To promote the using of passive means to attain a good visual 

comfort in an office space this study proposed a concise elements model for visual comfort (CEMVC). The 

proposed “model” was developed from critical analysis of available visual-comfort theories and 

benchmarking with standards; ISO 89951-1:2002, ISO 89951-1:2008 and MS1525: 2019 the Malaysian 

standard 2019. The result is a concise model named “CEMVC” with elements arranged in a chart that can aid 

in the maximizations of visual comfort level in a single office space using Malaysia as a case study. The study 

needs to be extended and carried out in a complete season-spanning an ideal period to inferred the outcome of 

the research “CEMVC”.  

Keywords: CEMVC, enhance, Malaysia, single-office, visual-comfort 

 

INTRODUCTION 

With the world moving toward achieving the sustainable development goals by 2030, all 

aspect of life is being considered to adjust to what energy they consume in which buildings 

are not left out. One of the aspects we use energy is toward comfort in our buildings most 

especially office buildings. This was part of what lead to the craving for energy efficiency 
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and designing of green buildings. Visual comfort is one of its four criteria has the key to 

enhancing the effective reduction of energy consumed in office space.  The power needed 

to run office spaces is expected to surge by 4.7% annually to reach 274 TWh by the year 

2030. The objective of this study is to design a model that would optimize visual comfort 

in Malaysia single office space to reduce energy consumptions. Using an offices spaces in 

Universiti Teknologi Malaysia (UTM), This research makes a comprehensive evaluation of 

visual comfort criteria; illuminance, luminance, glare and view from an architectural point 

of view in single office spaces in Malaysia from literature, guidelines, standards and visual 

comfort policies. The method used is documentation analysis. The outcome of this 

document analysis is a model (CEMVC) that enhances visual comfort in office space. 

The proposed “model” provides possible knowledge that would help policymakers and 

architects; (1) Save cost for UTM through the use of the proposed model (2) Aid architects 

in designing optimize visual comfortable single office space with and without shading 

devices (3) Proposed an addendum that of visual comfort criteria to be added to be 

possibly added to latest version MS1525: 2019 standard as the previous revised standards 

did include the visual comfort but not comprehensively. Therefore, this study puts forward 

elements that can aid in the maximizations of visual comfort in a single office space using 

Malaysia as a case study. 

 

BACKGROUND  

Research has shown that the use of daylighting in the Asian regions can decrease by about 

20% energy consumption by 20% (Zain-Ahmed et al., 2002). To mitigate this effect and 

be just to the environment, sustainability was conceptualized as a checking measure. In the 

building sector, the quest for the sustainable building was established. This quest gave 

birth to Green Buildings which are being determined by a rating system that is based on 

different countries or the region’s climatic system. In Malaysia, the recommendation and 

guidelines for visual comfort and daylighting are not fully considered. For commercial 

buildings, 10% is the minimum required for Window to Floor Ratio (WFR) by Universal 

Building Bye-Law (UBBL). Nevertheless, the UBBL does not outline any requirement for 

daylighting. A more recent recommendation can be found in Malaysian Standard MS1525: 

2019 (Department of Standards Malaysia, 2019). Using passive idea as a design strategy 

possible reduction of millions of tons of carbon dioxide could be realized. A kilowatt-hour 

(kWh) of energy could be saved to prevent the carbon dioxide emission of 680.39g 

globally (Lancashir et al., 1996). If daylighting strategies are applied, 10% to 20% of 

energy usage for cooling of the building can be reduced. Furthermore, in another study 

(Dodo, 2015) economic benefits of daylighting have the potential to provide significant 

cost savings from 0.16Rm to 0.64Rm per square foot annually for an office space. This 

savings can be achieved is guideline and bye-laws and building codes that are related to 

visual comfort are adhere to. 

 

RESEARCH PROBLEM  

Indoor Environmental Quality (IEQ) is the second criteria with high points that deal with 

thermal, Acoustic, and Visual comforts as well as indoor air quality. Visual comfort seems 

to be criteria that can contribute to the efficiency of energy in the office building as it 

features criteria (illuminance, luminance, glare and view) that when manage effectively 

would reduce energy usage and consumption in office buildings the tree of solar strategy.  
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Lechner (2015) shows that it is more efficient to go for the lower fruit in which the visual 

comfort criteria are among these low fruits criteria low for hanging fruit first the easy and 

free approaches should be used then consider the difficult and expensive ones. 

Many passive solutions are been proffered across the globe and Malaysia on reduction on 

energy consumption still with all these advantages visual comfort presents, little or no 

exploration on most our office buildings across the world with Malaysia inclusive.  

Minimal research attention has been directed toward other aspects of IEQ elaborated by 

(Zain-Ahmed et al., 2013, Abu-Sadin, Nik-Ibrahim and Sopian 2013) which all focus on 

either quantitative or simulation research approach only. Moreover, a combination of both 

methods would provide the opportunity to involve office space users as well as 

triangulating the data for a better result. 

Therefore, by examining these visual comfort criteria, as well as further improve the 

Malaysian standard MS1525 with a possibility of improving the Malaysian green building 

rating systems (Green Building Index 2007). 

RESEARCH METHOD 

The proposed “model” was developed from critical analysis of available visual-comfort 

theories and benchmarking with standards; ISO 89951-1:2002, ISO 89951-1:2008 and 

MS1525: 2019 the Malaysian standard 2019. Phase one of the methods was a critical 

review of available theories using “document analysis” to established important criteria 

that enhance visual comfort. The second stage was to categorise the elements identified 

into three (3) tiers of the level of importance which forms the bases of the CEMVC.  

 

Table 1: Planning process for establishing document analysis for CEMVC in the study: adopted from 

(Bowen, 2009 & O’Leary, 2014) 

No Items used for carrying out the document analysis Level of 

importance 

Remarks 

 Standards   

1 ISO 89951-1:2002   

2 ISO 89951-1:2008   

3 MS1525: 2019 the Malaysian standard    

4 The Scottish Government 1993   

    

 Theories   

5 Autodesk Building Aperture, 2014   

6 Iitvegar 2013   

7 Hellinga, 2010   

8 Lechner 2015   

    

9 Related research works and model   

10 Dodo, 2015   

11 Berk, 2010   

12 CHPS, 2002   

13 O’Connor et al., 1997   
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14 Zain-Ahmed et al., 2013,    

15 Abu-Sadin, Nik-Ibrahim and Sopian 2013   

16 Lim, 2011   

17 Edmonds and Greenup (2002)   

18 Abu-Sadin et al 2014   

 

RESULT AND DISCUSSION 

The result of this research shows a review of theories, standards and other of related works 

on visual comfort as shown in Table 1: Planning process for establishing document 

analysis for CEMVC (Bowen, 2009 & O’Leary, 2014). The result is segmented into the 

reviewed standards, critical analysis of theories and other related work on visual comfort. 

 

OCCUPANTS COMFORT VISUAL COMFORT 

Good lighting is important because it helps produce a productive and happy setting. This is 

much more achieved by natural light than by artificial lights. Getting clear views and 

sightlines offers us a sense of temperature control and a sense of well-being (Autodesk 

Building Aperture, 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Assessment of  visual comfort criteria: Source (Hellinga, 2010) 

 

VISUAL COMFORT AND ITS CRITERIA 

GOOD LIGHTING 

An important factor when working towards zero-emission buildings is the usage of natural 

daylight as a replacement for artificial light sources (Autodesk Building Aperture, 2014). 

However, the goal is not to use as much daylight as possible, but to use the right amount 

and the right type all-natural light comes from the sun. But the light may travel many 

different paths before entering the room. Let’s look at the following Figure 2. As we can 

see, Figure 2 separates between three main light components. The Sky component (SC) 

part is light coming right from the vault of the sky. Light reflected from an exterior 

component is the external reflected component (ERC), such as the surface, a building wall, 

etc. And light reflected from an internal surface is the internal reflected portion (IRC). 

Some of these components are more desirable than others. Most of you have probably 
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experienced glare and discomfort due to direct sunlight. This is because of the extreme 

brightness of direct sunlight.   

 
Figure 2:  Three main light components. Source (iitvegar 2013) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Glare from direct sunlight due to an ill define solution (iitvegar 2013) 

 

BASIC METRICS  

In another study, Lim (2011) shows that although side lighting is the most commonly used 

daylight system in an office building, the effects of glare reduces the usability of the space 

as it has a strong directionality because the illuminance diminishes as the distance from the 

aperture increases (Figure 4.) Therefore there is a need to determine an appropriate zone 

that is comfortable to perform a task while considering the glare from daylight and 

accessibility to a view. 

 

 

 

 

 

 

 

 

 

Figure 4: Side-Lighting with Illuminance and Glare Problem (Source: Lim, 2011) 
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Abu-Sadin, Nik-Ibrahim and Sopian (2013) in an experimental study simulated different 

sizes of shading devices in an overcast condition to determine the internal illuminance in 

lux with an approximately 20% WWR in Kuala Lumpur. The result shows that even with 

shading device of 2m long, 200-250 lux is achievable see Figure 4. Edmonds and Greenup 

(2002) identify that 1.3m to 2.3m from the window in a daylight space can only yield 150 

to 200 lux in the west-east elevation, except when complemented with artificial lighting. 

 

Abu-Sadin et al. (2014), modify existing daylighting rules of thumb, this introduces a new 

Kuala Lumpur sky formula focused on the smallest academic office space at a public 

university. They further developed that the most reasonable option is one (1) meter shading 

device that meets the daylighting requirements within the room. These thumb rules will 

help architects plan ample day-lit office space with a shading device. The experiments also 

show that limited office space, 4.5 meters wide with full-width window and 1-meter 

horizontal external shading, as seen in Figure 5, will provide ample interior illuminance. 

Findings from the research by Abu-Sadin et al. (2014) as shown in Figure 5 shows that 

owing to thinner walls, the illuminance at the rear of the rooms is usually smaller than 

those at equal heights, whereas the illuminance at the back of rooms that are shallow rises 

marginally due to reflecting from the back walls. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Fully and partially daylit area at of 4.5m interval (Abu Sadin et al., 2014) 

 

OPTIMAL TASK PERFORMANCE ZONE (OPTZ)  

The office design recommendations of 25% and 40% WWR for private office space are 

presented in Figure 6 and Figure 7. The OPTZ inferred that with a recommendation of 

(25% WWR and 40% WWR) for single office space in Malaysia (Dodo, 2015). as a design 

model for single private office space in Malaysia from existing guidelines and rule of 

thumbs for openings on façades, (Dodo, 2015). The optimal task performance zone shows 

the zone where the task can be performed comfortably within a single private space in 

conformity with maximum daylighting penetration of six (6) meters (The Scottish 

Government 1993) and with an overcast condition for Malaysian region (20,000lux) with 

illuminance needed in the OPTZ be ideal for users of the space (ISO 89951-1:2002 

minimum work plane illuminance for continuous work should not be less than 200lux and 

300lux to 500lux MS 1525: 2007 the Malaysian standard).  
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Figure 6: Task Performance Zone (OPTZ) with a recommendation of 25% WWR for Single Office Space in 

Malaysia (Dodo, 2015) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Optimal Task Performance Zone (OPTZ) with a recommendation of 40 % WWR for single office 

space in Malaysia (Dodo, 2015) 

 

The indoor environment requires a variety of elements, including temperature, humidity, 

consistency of Indoor Air Quality (IAQ), illumination, ventilation, noise and occupational 

crowding (Clements-Croome and Baizhan, 2000). The efficiency of the indoor atmosphere 

is a major factor that is taken into consideration in assessing a healthy building concerning 

the health and productivity of building occupants. It depends on four varying factors of; 

indoor air quality, thermal comfort, acoustic and access to daylight and views (Global 

Perception, 2010). Few relevant standards of IEQ have been addressed with the main 

concerns being poor thermal comfort and IAQ caused by energy saving. Initially, standards 

seemed to optimize the indoor environment without considering climate-responsive and 

energy-conserving design, as the priority was given to universal application across all 

building types, populations and climate zones (de Dear and Brager, 1998).  

 

Table 2.: Selected guideline and standard available on office spaces source: adapted from (Dodo, 2015) 

Title Organization Primary Content 

ISO 7730: 1994 

Moderate thermal 

environments 

 (ISO 1994) 

International 

Organization for 

Standardization 

(ISO) 

The acceptable range for temperature, humidity, 

and air velocity 
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ANSI/IESNA —

RP-1-1993 

 

 

ANSI IESNAc 

For office lighting, topics covered include design 

process, office tasks, lighting criteria for visual 

performance and comfort, the lighting system, 

luminous environmental factors, light areas, 

energy and energy management and 

maintenance. 

 

A view which contains three layers (sky, surrounding environment and ground) is most 

preferred by people. In all cases the quality of daylight is not sufficient to meet all year 

long visual and non-visual criteria, electric lighting should be supplemented (Berk, 2010). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Concept Model Windows and People (Berk, 2010) 

 

Collaborative for High-Performance Schools (CHPS, 2002), describes the view window as 

eye-level vertical glazing that offers a view of adjacent spaces indoors or outdoors. The 

view window offers calming views and information on the environmental conditions 

outside and also helps visitors outside a room to see and interact with the events inside. It 

should be planned in the schematic design stage; they can also be applied to all climate 

regions. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Daylighting Windows vs. View Window (Source: CHPS, 2002) 
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VWs (vision glazing), typically referred to as view windows, are known by one rule of 

thumb to be any glazing above 750 mm and below 2300 mm from the finished floor in a 

room. Skylights and very high windows should not count, and at least 25 % and at most 40 

% should be the WWR. In identifying a VW, the Skylight and very high windows do not 

count. At times it could be the designer’s inability to provide a view for window 

(underground space) or the window is available but no access to view due to adjacent 

building obstruction. In this scenario, the occupants who find themselves in such spaces 

are forced to provide artificial views or surrogate views to enhance their task performance 

or could have another alternative to the conventional window (the inside window) which 

occupants prefer to no window at all (Biner, Butler and Winsted, 1991) shown in Figure 

10. Not every office buildings can have a view of nature and the probably windowless 

situation can be improved or compensated for by the use of surrogate windows while some 

office space users prefer surrogated window to window without a view at all (Altomonte, 

2009). The significance of lighting quality for effectiveness was shown by a study at 

Carnegie Mellon University. Seeing that expenses for the salaries and benefits of people 

are usually 100 times the energy cost of a house, even a minor productivity increase would 

be the equivalent of covering the energy bill many times over. 

 

The seating arrangement is one aspect that affects the comfort of an occupant in an office 

building in the sense that the way occupant seats in relations to a view window would be 

influenced by the amount of light reaching the task area. Seating adjacent to the window is 

the most comfortable seating arrangement because occupant's source of light will not cause 

discomfort to his eyes (Figure 10a). Seating backing the window has a possibility of 

shading the occupant’s task and making it too dark to see easily as seen in Figure 10b 

while seating facing the window create a harsh environment and tiring for the eyes to 

accommodate the amount of light in task environment as exemplified in Figure 10c 

(O’Connor et al., 1997). Therefore, occupant’s choice in seating arrangements in office 

buildings is related to satisfaction and task performances (Lee and Guerin, 2009). 

 

 

 

 

Adjacent to the Window 

(10a) 

Backing the Window 

(10b) 

Facing the Window 

(10c) 

Figure 10: Graphical Representations for Appropriate Seating Arrangement in a Single Office Room (Source: 

O’Connor et al., 1997). 
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FINDINGS 

 

1) Policymakers could be used to promote visual comfort model (CEMVC)as this can 

contributes to greater energy efficiency in building (Edward, 2009), and in turn, this 

greater energy usage reduction can help improve a sustainable world and a better one for 

our future generation 

2) CEMVC will assist Interior designers as a guide on how to situate furniture and plan for 

office space utilization. 

3) Adherence to CEMVC would possibly reduce the cost of running the building and increase 

productivity as considering the ideal visual comfort in a building will enhance the 

psychological performance by occupants as it will reduce all adverse effect that comes 

with a poor visual comfort 

 

VISUAL COMFORT ENHANCEMENT MODEL 

The concise elements model for enhancing visual comfort in a single office was conceived 

from several standard and research carried out on visual comfort concerning usability and 

optimization of daylighting in an office space. The work of (Hellinga, 2010) on criteria for 

visual comfort, form the basis for this model. This was supported by (Autodesk Building 

Aperture, 2014). The model is benched marked with standards; ISO 89951-1:2002; ISO 

89951-1:2008 minimum work plane illuminance for continuous work should not be less 

than 200lux and 300lux to 500lux MS 1525:2019 (The Malaysian Standard 2019). The 

model consist of considerations needs to achieve comfort. The degree of comfortability 

depends on the usability of the elements. The primary and secondary elements are very 

necessary to achieve visual comfort in an office space, while the tertiary elements might 

not have a serious consequence but its good they are considered as well. 

The primary elements are location and orientation (Berk, 2010), seating arrangement 

(O’Connor et al., 1997 and Guerin, 2009). Avoidance of Glare (Lim 2011 & Iitvegar 

2013), distance from the light Source (Lim 2011 and Abu-Sadin et al. 2014). 

The secondary elements are; Lighting Sources Artificial lighting and Daylight (CHPS, 

2002 Hellinga, 2010 & Autodesk Building Aperture, 2014). Surface Reflectance (Hellinga, 

2010) Shading Devices (Abu-Sadin, Nik-Ibrahim and Sopian (2013).  

The tertiary element is Window Wall Ratio (Dodo, 2015). Façade type (Hellinga, 2010),  
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view window (Altomonte, 2009) and the shape of the space (Hellinga, 2010). 

Figure 11: Concise elements model for the visual comfort of a single office space 

 

CONCLUSION 

The proposed “model” was developed from critical analysis of available visual-comfort 

theories and benchmarking with standards; ISO 89951-1:2002, ISO 89951-1:2008 and 

MS1525: 2019 the Malaysian standard 2019. The result is a concise model named 

“CEMVC” with elements arranged in a chart that can aid in the maximizations of visual 

comfort level in a single office space using Malaysia as a case study. The items also have a 

range of elements arranged in ascending order. The study established that passive design 

could be used to prevent the release of millions of tons of carbon dioxide; with a kilowatt-

hour (kWh) of energy saved to prevent the carbon dioxide emission of 680.39g adapted 

from (Lancashir et al., 1996). If daylighting strategies are applied, about 10% to 20% of 

energy usage for cooling of the building can be reduced. As the research topic implies 

concise elements model for enhancing visual comfort in Malaysia single office space with 

a case-study of office space in Malaysia further studies could be carried out in (i) having 

more case studies within the region for sound comparativeness, (ii) a full-blown model to 

cover most parameters not mentioned, (iii) research on guidelines to be incorporated in 

building codes & standards that deal with visual comfort especially the Malaysian 

Standards and Uniform Building by Laws UBBL–Malaysia, (iv) carrying out a similar 

study in different regions with a different climatic conditions. 
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