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ABSTRACT 
 

This research addresses the compromises that can be struck, using the passive architectural feature of 
sunshades, when balancing daylight and the accompanying thermal gains. At present, daylight is being 
encouraged in tall office buildings all around the world and Dhaka, where this study is based, isno 
exception. The recent trend is of deep plan open offices, with extensive use of curtain glass envelopes, 
using large apertures. Daylight inclusion into the office interiors creates two types of luminous areas: light 
or daylight zone, and dark or artificial light zone. The daylight zone includes sunlight, and sometimes 
unwanted heat, increasing consequent energy consumption due to HVAC load. Excessive daylight can 
also create glare zone. However, if daylight can reduce the building's use of electric light and HVAC 
load, it can reduce peak energy use, as well as total energy consumption. External Shading devices can 
successfully be used, to address this issue of balancing luminous and thermal loads. A simulation study 
was undertaken to evaluate luminous and thermal performance of shading devices, used in tall office 
buildings of Dhaka. Ten selected fixed external shading devices, placed in different orientations, from a 
field survey were evaluated, during the overheated period of summer. 'ECOTECT' (version 5.50) 
simulation program with raytrace based 'Radiance' was used, for this evaluation, based on the light zone 
distribution and the HVAC load. The simulation results revealed that, the performance of aluminum 
louvered cornice type sunshade in South, is significantly superior to the other tested shading devices, in 
this orientation. This is also the preferred device in West orientation, where the HVAC load is the 
maximum. The gaps in this louvered sunshade, allows air movement, causing any trapped heat to 
dissipate from the building curtain wall, thereby decreasing the cooling load and increasing energy 
efficiency. It also helps to illuminate greater area with acceptable illumination level, up to greater spatial 
depth. In the east orientation, solid concrete cornice is more energy efficient, compared to the louvered 
one, for its significant usable area of acceptable illumination level. However, control over the glare zone, 
resulting from both these shading devices, can increase their efficiency. The results also prove that, most 
of the tested shading devices are better for east and west orientation, when the glare zone can be used, by 
adjusting window-observer-task relationships. 

 



 

 

 

 

 

 

 

 

 

 

 

CHAPTER: ONE  

INTRODUCTION 

 

Introduction 

Statement of the problem 

Aim and objective of the study 

Methodology 

Scope and Limitations 

Structure of this thesis  

 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka                 Chapter: One
         

1 
 

CHAPTER: ONE  

INTRODUCTION 

1.1 Introduction 

 

With the increasing demand of working spaces in the dense urban arena, office buildings have shifted 

from low-rise to high-rise, in much of the World, and Dhaka is no exception. The recent construction, of 

tall office buildings of Dhaka, is being characterized by extensive use of glass. The most common 

practice now, is to provide curtain glass envelopes, on large apertures, which is aesthetically pleasing, 

while inviting daylight and view for the occupants[1]. 

Daylight is encouraged in office space, as it is not only a promising green building design strategy for 

energy savings, but also carries immense physiological and psychological benefits, to enhance working 

performance[2]. If daylight can minimize the building’s use of electric light and HVAC load, it can 

reduce peak energy use, as well as total energy consumption. Strong arguments for daylight inclusion in 

building design are often associated with comfort and energy benefits[3]. Daylight inclusion into large 

interiors, creates two types of luminous areas within the spaces: a light or daylight zone, and a dark or 

artificial light zone[4]. The Light zone ensures abundance of daylight in the space. Lack of daylight 

creates the dark zone. However, in the Tropics, unwanted heat may enter in the light zone, especially with 

direct sun light, thus causing thermal discomfort. Too much, or unguided, daylight, may cause glare, with 

visual discomfort[5]. All these negative effects have energy implications on HVAC load and artificial 

light[6]. Sometimes, daylight itself causes extreme HVAC load to the building, resulting in energy 

consumption, in excess of the savings from artificial light. Therefore, improper and unconsidered addition 

of daylight, may cause harm, rather than any targeted benefit[7]. At present, reducing energy 

consumption, while maintaining acceptable environmental quality for occupants’ comfort in office 

buildings, is the uppermost argument and interest for daylit building professionals. 

However, in Dhaka, recent tall office buildings have been designed, with very little respect to the 

interdependence between outdoor and indoor climate[8]. Most often, vast vertical glass facades remain 

unprotected, or barely protected, from the scorching sun light. As a result, this may easily act as a heat 

trap, along with the incoming daylight[9]. Moreover, in commercial areas, recent addition of deep large 

open plans in single floors, creates considerable dark zones, thus making the problem of energy savings 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka                 Chapter: One
         

2 
 

more acute[10]. Therefore, strategies for controlled daylight inclusion are essential, for office interiors, in 

the context of any city like Dhaka, which has the highest consumption of electricity in Bangladesh[11]. 

Shading the glass affects the property of incident radiation of sun light. Shading devices, as passive means 

of controlling daylight, enhance the quantity and quality of energy efficiency and comfort of light zones 

in the interior with its changing characteristics[12] [13] [14]. Efficient selection and design of shading 

devices may address this issue significantly. 

1.2 Statement of the problem 

In the offices of Dhaka, artificial light is the main contributor to the visual environment, even though 

there is an abundance of daylight and the working hours in offices utilize much of the daylight hours[15]. 

Generally daylight produces less heat for the same amount of light produced by electric light. Studies 

indicate that merely by reducing the lighting load through daylighting, 10–30% of reduction in electricity 

consumption for building cooling can be achieved[16]. 

Besides, natural determinants, like orientation, altitude of sky, daylight quality etc., the admittance of 

daylight in a particular room also depends on the size and placement of apertures, details of glazing and 

shading devices. Glazing types have a great impact on the indoor daylight quality of light zone, in 

particular on deep plan office buildings of fully glazed envelope. Moreover, a reduction in the glazing 

area may increase the electricity spent on artificial lighting in the dark zone. Artificial lighting already 

forms a large share of overall energy consumption (30% in office buildings)[17]. Solar protective glazing 

reduces solar gain even in winter, which may not be desirable. Manual control of movable shading may 

cause a constant disruption, where most of the people of Bangladesh cannot afford dynamic control of 

shading[18]. Interior characteristic also has a great impact on the depth and quality of light zone. Linear 

buildings (to keep the depth of building within reach of daylight) are more expensive compared to 

compact ones for higher HVAC load[19]. Shading device to control usable light zone with comfort and 

energy efficiency can be a reliable solution in this respect.  

Architectural shading solutions are typically part of the exterior facade. Shading device is usually used to 

prevent excessive sunlight from entering into the building, especially in clear-sunny sky environment[20].  

However, all shading devices reduce the view of sky, which is a potential source of daylight. This can 

increase the use of artificial lighting for interior task[21].Shading provision should be considered as an 

integral part of fenestration system design for office buildings, in order to balance daylighting 

requirements of light zone versus the need to reduce HVAC load[22]. It is necessary to find the best 

balance between the comfort and overall energy benefits depending on shading device type, properties 

and orientation[23]. 
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In the context of Dhaka, there is hardly any tested rule for shading devices. According to Building 

Construction Act 2008 based on Bangladesh National Building Code 1993, enforced by RAJUK, it is said 

that maximum depth of shading device will not exceed 0.5 m over compulsory setback areas. In case of 

more areas than compulsory setback, its extension will be limited to 1.5m[24]. But this rule may not have 

come from any investigation of comfort, or analysis of energy efficiency, nor any comparative study and 

evaluation for different climatic situations. According to the same rules, thickness of vertical fins should 

not be more than 100mm[25]. However; nothing is said about other types of shading devices and their 

specifications. Therefore, a proper evaluation of shading devices is imperative.  

Due to increased concern of energy efficiency, analysis should be made for different types of shading 

devices. Therefore, HVAC load in light zones and its effectiveness on indoor comfort for shading devices 

at different orientations may act as one of the tools of assessing balanced energy efficiency in future 

offices of Dhaka and similar tropical areas.  

1.3 Aim and objectives of the study 

This study is an attempt to ensure energy efficiency, for tall air conditioned office buildings of Dhaka, 

with curtain glass façades. Achievement of maximum, glare-free, usable area of acceptable illumination 

level, up to a maximum depth in light zone with minimum HVAC load for comfort, is used to assess 

energy efficiency, for shading devices in daylit buildings. The aim of this research is to analyze the 

performance of shading devices used in office buildings of Dhaka, to ensure energy efficiency through 

their proper selection and design, incorporating useful daylight in luminous and thermal environment of 

the office interior. To achieve these aims, the following  objectives have been developed: 

1. To identify the efficiency of shading devices for different orientations in respect to lighting. 

2. To evaluate their thermal energy efficiency on the basis of HVAC loads. 

3. To assess the overall energy efficiency of shading devices for each specific orientation through 

the comparative benefits of the daylight received vs. HVAC loads to determine the most effective 

one. 

4. To propose guidelines to increase efficiency of shading devices from daylighting and HVAC load 

or luminous and thermal effects.  

1.4 Methodology 

A literature review was done to provide a knowledge base for the research and information about daylight 

aspects of the luminous environment and related thermal issues. Daylight design strategies for the given 

context were also studied. The climatic characteristics of Dhaka City were studied to set the climatic 

context with regard to the expected environment of offices in Dhaka City. This search helped in 
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generating a theoretical basis for assessing energy efficiency, along with the identification of the 

maximum depth of light zone through simulation. It also aided in providing design guidelines for more 

energy efficient comfortable environment of offices, appropriate for urban areas of Dhaka. The structure 

of the work in generated in Figure 1.1. 

Figure 1.1: Structure of the work 

 A physical survey was conducted to record, and to identify, the characteristics of commonly used shading 

devices, with reference to tall office buildings of Dhaka city. Daylight or illumination level was also 

measured using digital lux meter in one of the selected buildings, for validation check of the simulation 

software. The physical and literature study both helped in fixing the simulation parameters for simulation 

models, considering climatic issues and other specific context.  

The simulation process was conducted in two phases. The first phase was to analyze energy 

efficiency(area of acceptable illumination level, under lit/dark area requiring artificial light, glare prone 

area) in terms of lighting. With energy issues, other lighting aspect (maximum depth of acceptable 
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illumination level), significant for the recent tall office buildings of Dhaka, was also considered to 

analyze the overall lighting/luminous efficiency. The second phase analyzes thermal energy efficiency, in 

respect of HVAC load independently and cross checks the findings of first phase. Simulation models with 

the external shading devices, similar to the ones found in the physical survey of tall office buildings, were 

simulated for different orientations. The overall energy efficiency was then identified through the 

lighting/luminous vs. thermal energy efficiency(area of acceptable illumination level vs. HVAC load), 

considered jointly, for the different orientations, from the simulation results. Finally the results were again 

cross checked with the overall lighting/luminous efficiency(area of acceptable illumination level and its 

maximum depth, under lit/dark area requiring artificial light, glare prone area), to determine the most 

effective shading device and their orientations. The simulation findings were also explored, to identify the 

effects of the different parameters studied and their relationships. It helped to generate broad guidelines 

for the building typology.  

1.5 Scope and Limitations 

The research work presented in this study evaluates energy efficiency only in daylit office spaces, for 

specific visual tasks at work stations, in the absence of glare control and supplementary lighting. It 

therefore, does not consider variability of illumination level needs for different spaces in offices, e.g. 

circulation space vs. work station. The study is limited to the upper floors of tall office buildings with 

curtain glass envelope as front façade. The impact of the surroundings has not been counted, as it has 

generally been noted from the physical surveys, that this is the common situation, found beside wide 

roads in Dhaka, where obstruction has little effect, except on lower floors. The research is applicable only 

for air conditioned office buildings, as this is the trend found in office buildings of Dhaka. The present 

work focuses mainly on the commonly used shading devices to evaluate their energy efficiency for tall 

office buildings with special reference to Dhaka city, though the methodology can be applicable to other 

similar Tropical cities. 

1.6 Structure of this thesis  

Chapter 1 has provided a brief introduction of the focus of this research, all of which will be elaborated in 

the further Chapters. Chapters 2 is the literature review based on established research and published 

sources. It helps to understand the daylight issues that affect energy efficiency. It is a review of common 

design strategies and solar control options, particularly relevant for Tropical climates. It also explores the 

climatic context of Dhaka with focus on the daylighting situation. Chapter 3 reports the physical /field 

survey and the main categorization of shading found in Dhaka city. The validation of the simulation 

software is also checked in this chapter, comparing with the results from field survey. The basis of the 

evaluation criteria of lighting/luminous, HVAC load/thermal issues individually and for both respectively 
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are also set in this Chapter. Findings from the field survey, as well as the literature study, help to fix all 

the variables to generate the model to run the simulations. The results of the simulations are reported and 

analyzed in Chapter 4 using the evaluation criteria set in Chapter 3. Finally Chapter 5 summarizes the 

findings of the whole research, and guidelines are suggested for the selection of energy efficient shading 

devices for different orientations of office buildings in Dhaka, and alleviating problems to increase energy 

efficiency.  
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CHAPTER: TWO 

LITERATURE REVIEW 

2.1Introduction 

The first chapter introduces the research. This chapter discusses the outcomes of the literature review, to 

describe the basic information required to reduce energy consumption of tall office buildings using 

shading, in the context of  Dhaka, as a strategy of the luminous and thermal issues of Daylighting. The 

chapter consists of five major parts. A brief discussion defining tall and high-rise buildings, with special 

need of including Daylighting in tropical climates, has been presented in the first part (Section 2.2). The 

second part (Section 2.3) explains the daylight aspects of Light zones, HVAC loads and their 

determinants, related to energy consumption and comfort. It also reviews standards and rules. The third 

part (Section 2.4) presents the Daylighting strategies for energy efficiency of tall office buildings, with 

emphasis on shading devices. Part four (Section 2.5) identifies the critical period of controlling energy 

consumption through Daylighting, in the climatic context of Dhaka. Finally the key findings are 

highlighted in Part 5(Section 2.6). The literature review loads up to the methodology for field 

investigations and simulation studies, which are discussed in the next chapter (Chapter 3). 

2.2Tall Buildings 

This section defines the concept of Tall buildings, and the importance of their control on Daylighting 

when situated in Tropical areas. 

2.2.1 Definition  

The experts differ in defining the physical parameters of tall buildings. According to the Council for Tall 

Buildings and Urban Habitat (CTBUH), a tall building is not strictly defined by the number of stories, or 

its height. The important criterion is whether or not the design, use or operation of the building, is 

influenced by some aspects of tallness i.e. height relative to context, proportion, tall building 

technologies[1]. 

Ken Yeang[2] characterizes tall buildings by the following criteria: 

 A small foot-print in comparison to its total built-up space 

 Tall facades due to its height 

 Small roof-area in comparison to external-wall area 
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 Special engineering systems, different from the low building type simply because of its height. 

According to Taranath, to define tall building from structural aspects, from structural design and 

construction point of view, it is simpler to consider a building tall when its structural analyses and design 

are in some way affected by lateral loads[3]. 

There is no fixed parameter of height to denote tall and high-rise building for Bangladesh. In a study, 

buildings above six storeys have been regarded as tall buildings for Dhaka city, considering walk up limit 

and fire escape provision[4]. At present, the Building Construction Act 2008 based on the Bangladesh 

National Building Code (1993) considers walk up limit up to six storeys. According to this Code, “lifts 

shall be provided in buildings more than six storied or 20m in height”[5]. In respect to fire escape 

provision, Building construction rule (2008) states, “Buildings of ten storied and above in height must 

have provision for at least two exits, with fire safe staircase and they must end directly to outdoor or any 

defined safe place”[6]. In the present context of Dhaka city, regarding all these issues, buildings above six 

storeys are being considered as tall buildings for this research. 

2.2.2 Justification of façade design for Tall Office Buildings in Tropical Climates 

Although the principles of designing with climate are relatively advanced for low-rise and mid-rise 

buildings, adequate attention and research is yet to be directed towards the tall building type[7]. Ken 

Yeang[8] justifies the reasons for designing the tall buildings with climate very clearly. The most obvious 

justification must be the lowering of costs as a result of lowering the energy consumption in the operation 

of the building. Buildings use about 48% of all the energy consumed, with 40% for the operation of 

buildings[9]. Significant savings in operational costs would justify incorporation of climatically-

responsive design features, despite higher initial capital construction costs. 

Another important consideration is low volume-to-surface ratio. Tall buildings have more external 

vertical surface than the same volume of low rise building. In case of tall buildings, generally facades do 

not get mutual shading from its surrounding like low rise buildings[10]. Vertical facades of tall buildings 

are exposed more directly than others to the full impact of external temperatures and direct sunlight. That 

is why facades of tall buildings should be designed as environmentally-responsive filters. 

The new trend, of extensive use of glass for facades of tall buildings, has made the situation more 

complicated. Architects’ use of glass during the 20th century, evolved and flourished with the dominant 

idea of transparency and dematerialization, in which architects created ‘honest’ buildings i.e. the defined 

structure that accentuated the quality of light and space. Architect and glass enthusiast Scheerbart 

expressed his opinion on the importance of glass in architecture; [11] 
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“If we want our culture to rise to a high level, we are obliged for better or for worse, to change our 

architecture. And this only becomes possible if we take away the ‘closed’ character from the rooms in 

which we live. We can only do that by introducing glass architecture, which lets in the light of the sun, the 

moon, the stars, not merely through a few windows, but through every possible wall, which can be made 

entirely of glass.” 

An important change during later parts of the 20th century, was the change in view of the structural use of 

glass. Instead of glass being a material for an opening in the structure, it could be used as the material for 

the structure itself. The ultimate result is extensive use of curtain glass facades in recent tall commercial 

especially office buildings[12] [13]. Glass is a very lightweight building fabric, in comparison to 

heavyweight structures, like masonry, that can absorb most of the daily temperature fluctuations. The 

high transmission properties of glass, and in particular, its solar radiation transmission properties, can 

cause a thermally unstable and uncomfortable internal building environment. Buildings with even small 

amounts of building facades will experience overheating in the summer and high amounts of heat loss in 

the winter without the use of devices[14]. 

Moreover, now, deep and large open plans, are a common practice in tall office building design, due to 

the flexibility of the space, and economic benefits achieved, from maximum plot to gross floor area ratios. 

Consequently, the deep core areas of these buildings cannot be naturally illuminated by side windows. 

The result is a full dependence on electricity, for illumination, thereby increasing energy 

consumption[15]. 

The facade of tall office buildings, should be multi-functional in its design. Generally in the Tropics if 

curtain wall is used for daylighting, it requires a design that can, both intercept direct beam radiations, and 

continue to deliver diffuse daylight deep into the office floor[16].  

2.3 Daylight Aspects of Light Zones and HVAC Load  

Daylight is one of the most important natural forces available to architects in their quest to reduce energy 

consumption. Daylighting can be defined as the controlled admission of natural light; direct sunlight and 

diffuse skylight into a building, to reduce electric lighting and to save energy for lighting as well as air 

conditioning[17].  

As daylight is the full spectrum of light that matches closest to human visual response, its quality is much 

better than electric light. It provides greater visual comfort and healthier indoor environments than 

electric light[18] [19] [20]. By providing a direct link, to the dynamic perpetually evolving patterns of 
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outdoor illumination, daylighting helps to create a visually stimulating environment, adding drama and 

excitement in the architecture and aesthetics of spaces[21]. 

At the same time, it must be recognized that all the effects of daylight may not be beneficial for the users. 

In Tropical regions, as the daylight levels are high throughout the year, too much, or unguided daylight, 

can affect adversely the thermal environment, and thus, energy consumption[22].These luminous and 

thermal issues of daylight are discussed in this section.  

2.3.1 Definition of Light Zones 

Visual and thermal aspects of daylight mostly depend on both the qualitative and quantitative 

characteristics of light zones. Different people explain ‘light-zone(s)’ from different points of view. 

Generally, the term ‘light-zone(s)’ is a translation of the Danish word ‘lysrum’. It  can also be translated 

as ‘light space(s)’.According to Madsen(2007), the use of the English word ‘zone’ – instead of ‘space’– 

offers a more graphically correct depiction of the Danish word rum, because ‘zone’ can be used more 

interchangeably, to refer to both abstract (i.e., space) and particular (i.e., place/room) examples. More 

importantly, the use of the English word ‘zone’ implies spatiality, and thus a more embodied experience, 

than does the abstracted term of ‘space’[23]. The use of the term ‘light-zone(s)’ in English can moreover 

be seen to be related to similar nomenclatures coined by Professor Henry Plummer. He describes his 

notions of “sphere of light”, “light-field”, and “bright zones” under the phrase: “Fields of energy”[24].  

Light-zone(s) can be explored as an architectural idea or notion conceptually, thus belonging more to the 

field of architectural theory. On another more practice-driven level, analytically light-zone(s) can be 

articulated and specified in relation to lighting technology. 

2.3.1.1 Conceptual Definition 

Conceptually, light-zone(s) are areas, fields or zones of light. It is a way of considering a space’s daylight 

as (forms of) bubbles or spheres of light, which as light-zones can be compressed, expanded, combined, 

exploded, etc., all according to the character of ‘the meeting’ between the light-zone(s) and the space 

itself (inclusive of the space’s content)[25]. Thus, the daylight in a space can be regarded as a 

composition of light-zones. In general the field of architectural theory offers thoughts about light and 

space[26]. Yet, this is mainly done on a conceptual level, where a space’s daylight is, more or less, 

understood and described as entities. According to abstract architectural theory, light zones create the 

desirable areas, places or zones to be in, whereas zones of darkness, or deep shadow, create thresholds, 

and transition zones. The composition of light-zones and darkness-zones also change the appearance of a 

space (Figure 2.1). Perceptually, bright surfaces seem to advance and expand in space, while darker areas 

seem to diminish and shrink. Furthermore, the daylight of a light-zone has the potential of ‘revealing’ 
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space, form and matter, whereas deep shadows and darkness conceal. Consequently, the form-giving 

characteristics of daylight, as exposing matter, can be related to light-zone(s), while darkness-zone(s) only 

suggests space, forms, and matter[27]. 

It is not within the field of architectural theory to analyze the detailed effects of the spatial and form-

giving characteristics of daylight[28].It can analyze only the abstract quality of a space. Therefore, for the 

technical nature of this research, ‘light zone’ and its converse needs to be defined analytically. 

 

Figure 2.1: Daylight distribution in a space creating different zones 

2.3.1.2 Analytical Definition 

As a tool, light-zone(s) are (spatial) groupings of the lighting variables (intensity, direction, distribution 

and color), which are significant to the space and form-giving characteristics of light. Generally, it is the 

subdivision of spaces inside a building that have varying illumination level with other related variables. 

Contrary to architectural theory; analytically lighting technology offers an instrumental and quantitative 

determination of the lighting variables. This is traditionally based on calculations measured at specific 

points within the space. 

In order to specify or quantify the light-zone(s) analytically, the light-zones must be set in relation to the 

light source. A common nomenclature in the Tropics is to use the following zones in a daylit space: 

(Figure 2.2(a) and (b)). That is to say, the light-zone(s) tool is the point of departure for a method of 

creating a spatial ‘grasp’ on daylighting variables in a given space[29]. 

a) Light zone  

 Direct sun light zone 

direct sun light zone 

diffuse light zone 

dark zone 
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 Diffuse light zone 

b) Darkness zone 

Figure 2.2(a): Distribution of light zone and dark zone in plan  

Figure 2.2(b): Distribution of light zone and dark zone in section  

In any space, a light zone may consist of both direct sun light zone and diffuse light zone or only diffuse 

light zone. A direct sun light zone (area near the aperture) is lit directly by the sun’s ray and mostly 

becomes heated due to solar gain. The energy needs in this zone may include cooling requirements. Direct 

sun light helps to illuminate the nearest surroundings, and becomes diffuse with distance from aperture. In 

addition to this, sky light, internally and externally reflected light of daylight, act as prime components of 

the diffuse light zone. After a certain distance from the aperture, illumination level falls below the 

accepted level for specific works, and can be called darkness or dark zone. It can also be called artificial 

light zone of the three zones, due to the obvious need to use artificial light for vital deeds. The diffuse 

light zone uses less man-made energy, than the direct and dark zones, as it maintains effective 

illumination level with minimum thermal gain. 
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2.3.2 Direct and Diffuse Solar Radiation in Light Zones 

It is only in the direct sun light zone, that the direct or beam radiation of the sun, that travels through the 

atmosphere from outer space, reaches the surface directly. The intensity of direct radiation is a maximum 

when the surface is normal to the sun’s rays, and zero when it is parallel to the sun’s rays[30].  

On the other hand, a major part of the sun’s radiation is scattered, reflected back into space, and absorbed 

by the earth’s atmosphere. A part of this radiation is re-radiated, and reaches the earth’s surface, 

uniformly from all directions. It is called diffuse radiation or sky radiation. Diffuse radiation reaches in all 

three light zones, with intensity decreasing with distance. As it is diffuse in nature, unlike direct radiation, 

it does not normally change with the orientation of the surface. With solar altitude, as direct intensities 

reach their highest values at midday, there is much more radiation available for scattering than when the 

sun is low in the sky[31]. When the sky is clear, the diffuse radiation is usually a very small part of the 

total radiation. However, with a hazy or cloudy sky, the diffuse radiation increases, and the direct 

radiation decreases considerably[32].The amount of total direct and diffuse solar radiation, determines the 

total global solar radiation. 

According to MacMullan, daylight availability on the building envelope to create Light zones, and heat 

gain by solar radiation, depends upon the following factors[33]:  

 The geographical latitude of the site, which determines the height of the sun in the sky.  

 The orientation of the building on the site, such as whether rooms are facing south or north, etc. 

 The season of the year, which also affects the height of the sun in the sky. 

 The local cloud conditions, which can block direct solar radiation. 

 The angles between the sun and the building surfaces, because maximum gain occurs when 

surfaces are at right angles to the rays from the sun. 

 The nature of the skies determine the area visible and distribution of daylight, and thus affect the 

depth of light zones within building. Skies differ under overcast and clear condition.(Figure 

2.3a)[34], (Figure 2.3b)[35]. 

 

Apart from the natural determinants, physical and geometrical features of space, i.e. the size of 

the aperture, the nature of the window glass, roof, walls etc., all affect the amount of radiation 

penetration to the interior of the space. 
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Figure 2.3(a): Luminance distribution under clear blue sky, sun, circumsolar sky, horizon band. (Source: 

Ahmed, Z.N., 2014)  

Figure 2.3(b): Changing pattern of light penetration under clear blue skies (Source: Evans, M., 1980) 

2.3.3 Visual Comfort and Glare 

In daylit buildings, one of the essential features of an efficient lighting system or luminous environment is 

to provide visual comfort through adequate illumination of the working plane, while preventing glare[36]. 

Visual comfort is influenced mainly by the level of illuminance in the space, the glare index and 

uniformity of illumination[37].It refers to the psycho-physical aspects of the observer–environment 

relationship. Daylighting conditions in a space can change drastically, due to the dynamics and variability 

of sunlight, with varying light zones. Daylight may create a high luminance contrast in interior spaces, 

which is challenging for human vision[38]. However, maximizing the extent of the direct sun light zone 

and diffuse light zone, with excess reflections, may cause glare conditions. This is particularly significant 

for daylit buildings in sunny climates, as in the case of Tropical regions, where offices with a high 

percentage of glass, increases the risk of glare in light zones[39]. In recent office buildings, when the 

curtain wall includes a high clerestory window, sun penetration can reach much deeper into the open 
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office space. Bringing daylight in, through the window wall creates an over-lighted zone, with glare near 

the window, and a sharp gradient from light to dark, as one moves deeper into the space[40]. The 

suitability of a space for inhabitation, can be compromised, if glare is experienced in its use. 

Glare is a measure of the physical discomfort of an occupant, caused by excessive light or contrast, in a 

field of view. It is hence dependent on the luminance distribution seen by an observer, which may 

correlate very poorly with work plane illuminance metrics[41]. On the basis of source-task-observer 

position, glare is typically categorized as [42] [43] 

 disability glare 

 discomfort glare  

 veiling glare 

Disability glare measurably impairs vision, reducing the contrast of the retinal image, due to the presence 

of a very bright light source in the field of view. Discomfort glare, in opposition to disability glare, is 

merely irritating, though its root cause is the same ― a bright, visible light source disturbing the field of 

view. As brightness, size, and prominence of a glare source increases, discomfort glare turns into 

disability glare. Veiling glare has to do with the origin of the glare source, and occurs when a bright light 

source is reflected by a surface, for example, when light falling on a monitor display screen obscures the 

transmitted image. Discomfort glare is even more difficult to discern than disability and veiling glare, as it 

does not initially produce observable effects, such as the inability to perform a task[44]. Some studies 

show that subjective factors, like interesting views, increase tolerance to glare[45]. 

The analysis and predictive calculation of sun control on facades, with access to direct sunlight, is 

necessary in order to avoid sun filtration on work surfaces, and on the visual field of the people 

present[46] [47]so as to achieve visual comfort. Studies have been performed[48] which analyze different 

concepts of quantifying glare, to improve visual comfort. According to these, the concept of ‘glare index’ 

has long been an interest in quantifying glare in buildings. 

A glare index is a numerical expression, derived from the luminance distribution in the field of view of an 

observer. Within the context of a glare index, disability and discomfort glare are separated only by the 

extremes of the brightness of the glare sources, their sizes, and their prominence in the field of view. An 

occupant will always feel discomfort, when experiencing disability glare; therefore, prevention against 

discomfort glare, mostly rules out the possibility of experiencing disability glare.  

Historically, there have been more than half a dozen separate attempts to quantitatively predict glare, each 

developed under varying experimental circumstances, and for different purposes[49]. Thus far, there have 
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been only very limited attempts to directly compare predictions from these metrics, and to define their 

ranges of applicability. As a result, it is currently rather difficult, for a designer to decide which glare 

metric to use, if any. The US Green Building Council’s LEED system, avoids the application of glare 

indices altogether[50]. The only widely implemented glare prevention strategy, is to generally keep direct 

sunlight away from vertical task planes, such as computer monitors, and horizontal task planes, like 

desks, minimizing direct sunlight zone as much as possible. This recommendation mainly addresses 

disability and veiling glare. In general, the luminance distribution within the visual field, should be 

controlled. The visual field is defined as, what one sees keeping the eyes stationary, without moving the 

head (called visual field or field of vision), and is composed of three parts: (Figure 2.4)[51] 

 

Figure 2.4: The visual field (Source: Ahmed, Z.N., 2014) 

 Brightness of the task itself or central field of vision: It is the brightest area of focus at the centre 

of the visual field, containing the area subtended by a cone of approximately 2,̊ perpendicular to 

the line of sight. 

 Brightness of the immediate background surrounding the task, or the background to the surface 

on which the task is performed: It is an area immediately surrounding the central field, subtending 

an angle of 20 ̊ perpendicular to sight line, and is slightly darker. This area is not in complete 

focus, but any sudden movement or distracting element present here, has the capacity to draw 

attention from the central field of vision to this area, thus setting up a new focus of central field. 

 Brightness of the far surround or the environment, depicts the space ambient lighting. It is the 

vague hazy area of the rest of the visual field, and does not attract the attention of the viewer, 

unless dramatic events occur. It forms the fringes of vision, at any particular moment. 

central field 

immediate background

environment 
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According to International Energy Agency (IEA) [52], ideally the luminance ratio in these three parts 

should be: Central field (5): background (2): environment (1).But whenever this ratio exceeds 10:3:1, a 

visual problem, known as glare occurs (Figure 2.5 (a) and (b)). The rule is to avoid luminance ratios or 

brightness ratio larger than 1:3 and 3:1, between the work surface and the near visual field of the 

immediate background, and 1:10 and 10:1 in the far visual field of the environment, to avoid discomfort 

within the field of view.  

 Figure 2.5(a): Distribution of glare in plan         

Figure 2.5(b): Distribution of glare in section  

On a practical level, another barrier towards considering glare for daylighting/luminous efficiency in 

building design, is that glare depends not only on the current sky condition, but also on the position and 

view direction of an observer in a space[53]. On a sunny day, one might experience severe glare facing a 

window, but be perfectly comfortable facing towards the inside. A further example is that changing a 

seating position, to be closer to a partition, might obscure a luminance source, which would otherwise 

cause glare[54]. In such cases, effects of glare should be taken into account for interior design, to increase 

lighting/luminous efficiency. 
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2.3.4 Air conditioning, HVAC load and Space heat gain/loss 

Allowing direct sunlight zone, into the interior space, has significant impact on the overall performance of 

the daylighting system, as well as on the HVAC load in an air conditioned building[55].Generally, air 

conditioning can refer to any form of technology that modifies the condition of air (Figure 2.6). However, 

in construction, a complete system of heating, ventilation, and air conditioning is referred to as HVAC. 

It's goal is to provide thermal comfort, and acceptable indoor air quality[56].In common use, an air 

conditioner is a device, that lowers the air temperature in summer. The cooling is typically achieved 

through a refrigeration cycle. In that respect HVAC load is actually the cooling load[57]. 

 

Figure 2.6: The functions of air conditioning (Source:Ameen,A. 2006) 

HVAC load, or cooling load, depends on space heat gain, i.e. the instantaneous rate of heat gain, which is 

the rate at which heat enters into, or is generated within, a space, at a given instant of time[58].The heat 

gain can be sensible or latent gain[59]. The heat gain is sensible, when there is a direct addition of heat to 

a space, by any, or all, mechanisms of conduction, convection and radiation. It is latent when, moisture is 

added to the space. 

All sources of heat gain are not related to daylight, but the principal of it is directly, or indirectly, linked 

with daylight. Light zones in the interior space created by daylight penetration through transparent 

surfaces can cause direct heat gain. Indirectly, the source of daylight, solar radiation, takes part in space 

heat gain affecting the exterior and surrounding environment, i.e. fabric, ventilation and infiltration and 

inter-zonal loads. In comparison to the external sources, heat gains from internal sources are generally 

negligible[60], i.e. from electric lights, appliances and occupancy.  
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2.3.4.1 Solar radiation through transparent surfaces or Solar Heat Gain 

Solar radiation falling on a surface, varies throughout the day, and the year. Most solar heat gain to 

buildings is by direct radiation through windows, in the direct sunlight zone. The maximum gains through 

south-facing windows, tend to occur in pre-monsoon and post-monsoon periods in Bangladesh, when the 

lower angle of the Sun causes radiation to fall more directly onto vertical surfaces, increasing the depth of 

the direct sunlight zone[61].  

The solar radiation falling upon a clear glass surface is reflected, absorbed and transmitted in proportions 

similar to those indicated in Figure 2.7[62]. For any particular surface, these quantities depend upon the 

angle of incidence, and on the proportion of direct and diffuse radiation. The angle of incidence, is the 

angle measured between the incident light beam and the normal to the plane of the glass. 

 

Figure 2.7: Typical proportions of incident solar radiation, reflected, absorbed, transmitted and retransmitted by 

glass (Source: Smith et.al.1982) 

The absorbed radiation heats the glass, and part of this heat reaches the room surfaces, by convection and 

radiation, from the inside surface of the glass. The solar heat gain is obtained, by adding this inwards 

released heat, to the directly transmitted component of the incident solar radiation in the light zone. 

Absorption of this solar heat gain, by the internal surfaces, raises their temperature. From the sun light 

zone, all transmitted, absorbed, convected and radiated heat gradually flows to the diffuse light zone, 

where after a certain spatial depth, the direct effect of the solar radiation diminishes. These heated 

surfaces behave as low temperature, long wave radiators, since glass transmits shortwave radiation in the 

range 0.3 to 2.8 µm, but is opaque to long wave radiation, from low temperature surfaces. The solar heat 

gained is, therefore, trapped within the enclosure, causing an internal temperature rise[63]. This 

phenomenon, frequently referred to as the greenhouse effect, gives rise to solar overheating. Heat gain, is 
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directly proportional to the area of glass exposed to solar radiation, and therefore large glazed areas will 

permit a large and rapid heat gain[64]. This is the danger of having curtain glass façade in Tropical 

climates. 

2.3.4.2 Fabric Heat Gain 

This refers to heat gains due to the effects of the daylight source, incident solar radiation, on the external 

surface of exposed opaque objects, and to the differentials in air temperature, inside and outside the space. 

Heat transfer conducted through the exterior building envelope, i.e. walls and roof, differs from glass, not 

only because of their opaqueness, but also because the walls are constructed of different materials in 

layers, to form into a composite wall, or roof, as shown in (Figure 2.8)[65] 

 

Figure 2.8: Heat transmission through a building envelope (Source: Ameen,A. 2006) 

2.3.4.3 Ventilation and Infiltration Heat Gain 

Because of the effect of solar radiation, external air temperature varies from that of the interior. Heat 

transfer, due to the movement of air, through cracks and openings in the building fabric, such as windows, 

voids, etc, takes part in heat gain, as an indirect impact of daylight[66].Ventilation air is generally 

introduced at the air handling unit (AHU), rather than directly into the conditioned space. It thus becomes 

a cooling coil load component, instead of a space load component. 

2.3.4.4 Inter-zonal loads from heat flow between adjacent zones 

Inter-zonal gains result from the heat flows induced by temperature differences between zones. This flow 

occurs through areas where, surfaces from different zones are adjacent to each other, such as interior 

ceiling, floors, shading devices etc[67]. 
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2.3.4.5 Occupancy, light and appliances 

These loads are not directly related to daylight .They may however, be, indirectly related to daylight, 

because if there is daylight, there is no need of electrical lighting. This tends to be more constant and 

predictable than weather-based loads. However, these can often end up with quite complex load patterns 

in larger buildings, when using many different schedules and object activations. 

The occupants in a conditioned space, give off heat and moisture at rates depending on their states of 

activity. While the latent heat gains are considered instantaneous, all of sensible heat gains do not become 

cooling load, because of the thermal storage characteristics of the space[68].A time lag is associated with 

such loads, which may not coincide with the activity periods. 

Lighting is often a major component of space cooling load, if artificial light is used. Like occupancy, the 

rate of heat gain, at any instant can be quite different from the heat equivalent of power rating, of installed 

light fixtures. Part of the energy emitted from lights, is in the form of convective heat, that becomes 

instantaneous cooling load. The remaining part is the radiant heat which is initially absorbed by the walls, 

floor, furniture and upholstery, and then released to the room air, after a time lag[69]. Different appliances 

used in a building, also take part to increase cooling load. 

2.3.5 Thermal Comfort 

One of the main purposes of an air-conditioning system, is to provide conditions suitable for human 

thermal comfort. Thermal comfort is that condition of mind, which expresses satisfaction with the thermal 

environment[70]. 

Thermal comfort indoors, is very important to the designer, as poor comfort leads to high energy 

consumptions, increasing HVAC load, as well as affecting the users’ health, adversely[71] [72] [73].As 

thermal comfort standards determine the energy consumption of air conditioned buildings, through 

HVAC load, addressed by a building’s environmental systems; therefore, they play an important role in 

building sustainability[74]. According to ASHRAE Standard 55-2004, there are six primary factors that 

must be addressed, when defining conditions for thermal comfort[75].The six primary factors are listed in 

the following Sections. 

2.3.5.1 Metabolic rate 

The physical basis of comfort lies in the thermal balance of the body, i.e. the heat produced by the body’s 

metabolism, must be dissipated to the environment, through sensible and latent heat, by several modes of 

heat exchange (Figure 2.9).[76] 
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Figure 2.9: Thermal interchange with environment (Source: Ameen,A. 2006) 

The rate of heat emission depends upon the individual metabolic rate, and upon the surface area of each 

person. People who seem similar in all other respects, can vary by l0 to 20%, in their heat output[77]. The 

activity level of the occupants, and the duration of occupancy, also affect human thermal comfort 

sensation. The greater the activity of the body, the more heat it gives off.  

The output from adult females is about 85% that of males[78]. Although there are differences in heat 

emissions, between different groups of people, such as female and male, surveys show that there is often 

little difference between groups, in what they perceive to be a comfortable temperature. Women of all 

ages prefer, an effective temperature about one degree higher, than that preferred by men, while both men 

and women over 40 years of age, prefer comfort temperature about one degree higher, than that desired 

by younger people[79]. Body shape, subcutaneous fat, state of health, food and drink and skin color also 

affect thermal comfort[80]. 

2.3.5.2 Clothing insulation  

Clothes act as a thermal insulator for the body, and help to maintain the skin at a comfortable temperature. 

Variations in clothing, have a significant effect on the surrounding temperatures, that are required for 

comfort. To enable heating needs to be predicted, a scale of clothing has been developed: the clo- value. 

On this scale, 1 clo represents 0.155 m2 K/W of insulation, and varies from 0 clo to 4 clo[81]. 

Based on numerous research findings, ISO has standardized estimation of the thermal insulation and 

evaporative resistance of clothing ensembles [82](Figure 2.10) [83]. 
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Figure 2.10: Insulation of clothing in clo units (Source: Based on ASHRAE 1985, from Auliciems and Szokolay 

2007) 

2.3.5.3 Air temperature and Radiant temperature  

The temperature of the surrounding surfaces, can affect the thermal comfort of people, as much as the 

temperature of the surrounding air. This is because, the rate at which heat is radiated from a person, is 

affected by the radiant properties of the surroundings. A satisfactory design temperature, for achieving 

thermal comfort, needs to take account of both air temperatures and radiant effects. 

2.3.5.4 Air speed  

The movement, or speed, of air in a room, helps to increase heat lost from the body by convection, and 

can cause the sensation of draughts. Air movements above 0.1 m/s in speed, require higher air 

temperatures, to give the same degree of comfort[84]. 

In any occupied space, ventilation is necessary to provide oxygen, and to remove contaminated air. Fresh 

air contains about 21 % Oxygen and 0.04 % Carbon Dioxide, while expired air contains about 16 % 

Oxygen and 4 % Carbon Dioxide[85]. The body requires a constant supply of Oxygen, and in 

unventilated conditions, the air would become unacceptable, well before there was a danger to life. As 

well as being a comfort consideration, the rate of ventilation has a great effect on the heat loss from 

buildings, and on condensation in buildings. 

The normal process of breathing, gives significant quantities of latent heat and water vapor to the air. 

Body odors, bacteria, and the products of smoking, also contaminate household air. Recommended 

minimum rates of air-supply, in occupied spaces, depend upon the volume of a room, the number. of 

occupants, the type of activity, and whether smoking is expected.  
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2.3.5.5 Humidity 

Relative humidity, within the range of 40 to 70 %, is required for comfortable conditions[86]. High 

humidity and high temperature feel oppressive, and decrease natural cooling by perspiration. High 

humidity and low temperatures, cause the air to feel chilly. Low humidity can cause dryness of throat and 

skin, and can accumulate static electricity, especially in modern offices with synthetic carpets. 

2.4 Energy Efficiency and Daylight Planning for Office buildings 

Energy efficiency is the goal to reduce the amount of energy required to provide services, mainly lighting 

and cooling, for a building[87]. Proper daylight planning can play a great role in this respect, particularly 

in Tropical weather where it is abundant, already aspects of inclusion have been mentioned in Section 2.3. 

Daylight needs to be considered, at the outset of designing a building, as daylighting strategies and 

architectural design strategies are inseparable. Proper daylight distribution, not only replaces artificial 

lighting with light zones, reducing lighting energy use, but also reduces HVAC loads. Studies show that, 

buildings incorporating daylighting, can reach an overall balanced energy savings of 15% to 40% 

[88].Planning for daylight, therefore, involves integrating the perspectives and requirements of various 

specialties and professionals. Daylighting planning has different objectives at each stage of building 

design, according to the International Energy Agency (IEA): [89] 

 Conceptual Design: As the building scheme is being created, daylight design influences, and/or is 

influenced by, basic decisions about the building’s shape, proportions, and apertures, as well as 

about the integration and the role of building systems. 

 Design Phase: As the building design evolves, daylighting strategies must be developed, for 

different parts of the building. The design of facades and interior finishing, and the selection and 

integration of systems and services (including artificial lighting), are all related to the building’s 

daylighting plan. 

 Final/Construction Planning: The selection of materials and products, is affected by the building’s 

daylighting strategy; final details of the daylighting scheme must be worked out, when 

construction plans are created. 

 Commissioning and Post-Occupancy: Once the building is constructed, lighting controls must be 

calibrated, and ongoing operation and maintenance of the system begins. 
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2.4.1 Daylighting Strategies for Energy Efficiency in Light Zones of Tall Office buildings 

According to the International Energy Agency (IEA), the penetration of adequate daylighting in a space, 

to create light zones, and its energy efficiency, depends on the strategies for determinants of daylight 

availability. The natural determinants are beyond our control, and have already been discussed in Section 

2.3.2. In the following Section, energy efficiency strategies of artificial variables, or architectural features 

i.e. both physical and geometrical properties of daylit tall office buildings are discussed, based on the 

objectives outlined in Section 2.4 regarding daylight planning at different design phases. 

2.4.1.1 Window/Aperture Orientation 

Orientation has a major impact on available daylight. It influences the degree of difficulty in controlling 

sunlight on a facade. Irrespective of climate, there are advantages for the main facades of an office 

building to face North and South, rather than East and West. This is because East and West-facing 

windows can create more problems, with glare and heat gain .The sun is low in the sky in the East and 

West, even in the summer, which makes shading difficult, and impossible if a view is to be maintained. 

Solar heat gain on the West façade, can be particularly troublesome, as its maximum intensity coincides 

with the hottest part of the day. On the other hand, North-facing windows provide consistent indirect 

light, with minimal heat gains in high summer, whilst South-facing windows provide strong direct and 

indirect sunlight. The light intensity varies during the day, and controlling heat gain, within light zones, 

can be an issue, in the cooling season. However, shading is relatively easier, due to the higher angle of the 

sun, when it is in the southern sky[90]. 

2.4.1.2 Internal Blinds/curtain 

Interior shading devices, such as curtains, roller shades, venetian blinds, and shutters, are very adjustable 

and movable, which enables them to easily respond to changing requirements. They are also less 

expensive, than external shading devices, and should be used, to stop the sun, when it out-flanks the 

exterior shading devices. They are also useful for those exceptionally hot days, during the transition, or 

under heated periods of the year, when exterior shading is not designed to work. In the form of venetian 

blinds or light shelves, they can also produce fine daylighting. Besides shading, these devices provide 

privacy, glare control, insulation, and interior aesthetics[91]. 

One of the main drawbacks of interior shading devices, is that they bring in different variables, that are 

not always beneficial. They cannot block the sun, while admitting the view. Since they block the solar 

radiation on the inside of the glazing, much of the heat remains indoors.  

As a broad generalization, the daily average solar gain factor of a single glazed window will be: [92] 

72%without any solar control device(shading), and 55%with an internal venetian blind. 
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2.4.1.3  Curtain Glass Envelope 

Selection of a glazing system, of façade, or envelope, on apertures, can have a tremendous impact, on the 

performance of a daylighting system. The glazing controls the amount of light admitted, its intensity, and 

its directionality, as it enters a space.  

Clear glass allows high daylight transmission. But at the same time, on certain building facades, allows 

high transmission of solar radiation. This has led to the development of high-tech glass types, designed to 

reduce solar gain, but with consequent loss of daylight transmission[93]. 

One type of tinted glazing is called heat-absorbing, because it absorbs the shortwave infra-red part of 

solar radiation, much more than the visible part. But even this type of glazing, reduces the solar heat gain, 

by only a small amount. Although tinted glazing reduces the light transmission, it usually does not 

decrease the heat gain by much, because the absorbed radiation is then reradiated indoors[94]. 

Glazing also blocks solar radiation by reflection. The amount of solar radiation, that is reflected from 

glazing, can be increased significantly, by adding a reflective coating. One surface of the glazing is 

covered with a metallic coating, thin enough that some solar radiation still penetrates. The percentage 

reflectance depends on the thickness of this coating, and a mirror is nothing more than a coating, that is 

thick enough, so that no light is transmitted. Reflective glazing can be extremely effective in blocking 

solar radiation, while still allowing a view. It blocks solar radiation, better than heat-absorbing glass 

(Figure 2.11)[95], and does so without any color distortion[96]. 

Figure 2.11: Heat gain through different types of glazing (Source: Lancher, 2001; cited from Rahman, 

A.2007) 

Although tinted, and reflective glazing systems, can be effective shading devices, they have mixed 

effects. They do not differentiate between light from the sun, and light from the view. They filter out 

light, whether daylight is desired or not. And they block the desirable winter sun, as much as the 
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undesirable summer sun. Thus, tinted or reflective glazing is not appropriate, where one of either 

daylighting, or solar heating, is desired. It is also not appropriate, when only the sun should be excluded, 

but not the view. When glazing is expected to do all the shading, it has to be of a very low transmittance 

type. The view through this kind of glazing makes, even the sunniest day, look dark and gloomy. Tinted 

or reflective glazing is excellent, however, for blocking diffuse sky radiation, in very humid regions, and 

for glare control[97]. 

Especially selective low-e-glazing transmits cooler daylight than other glazing materials, because it 

transmits a much higher ratio of visible-to-infrared radiation. In the near future, there might be even better 

glazing systems, than the "selective" type. These are known as responsive-e-glazing systems, because 

they change in response to light, heat, and electricity, and have less energy consumption, in comparison to 

other glazing[98]. Responsive glazing can be, either the passive, or the active kind. Passive glazing 

responds directly to environmental conditions, such as light level i.e. photochromics, or temperature i.e. 

thermochromics. The active system can be controlled as needed, and can include such devices as liquid 

crystal, dispersed particles, and electrochromics[99]. 

2.4.1.4 External Shading Device 

While shading systems must provide good solar protection in summer, they should not reduce solar gains 

in winter, or obstruct natural lighting. Well designed shading systems can actually enhance daylighting. 

External shading systems are, usually, not as effective in reducing the diffuse and reflected components, 

as the direct component of solar radiation. However, from an energy efficiency point of view, the external 

shading devices are the most effective. External shading devices usually work best, because the gains are 

prevented from entering the space, in the first place[100].As these form a significant part of this present 

study, they are discussed in further detail in Section 2.4.2.2. 

2.4.1.5 Interior design/finishes  

Interior finishes have to be part of the daylighting strategy. Light-colored surfaces reflect more daylight, 

than dark surfaces[101] [102]. Specular, shiny surfaces (e.g., glazed tile or mirrored glazing), may create 

glare, if viewed directly from an office interior. Daylight-redirecting strategies usually direct daylight to 

the ceiling of a room. The reflectance characteristics of the ceiling, therefore, influence the way daylight 

will be distributed. A diffuse ceiling, of high reflectance, can distribute light from daylight redirecting 

systems (like light shelf), which may be more comfortable for occupants, than a highly reflecting 

environment. The reflectance of walls and floor, also has a large influence, on the impression created by a 

space, and the light distributed within it[103]. 
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The furnishing of a space, represents a frozen image, of activities in the space. It affects where occupants 

do certain tasks. Thus, furnishing acts as a specification of lighting requirements. In modern open plan 

offices, varying heights of partitions and panels, may reduce daylight levels (Figure 2.12)[104]. Use of 

light colors or glazed interior partition walls, can help mitigate this undesired impact. Room geometry, 

size, surface properties of furniture, and other interior elements, also influence achievable daylight 

levels[105]. 

Figure 2.12: High panels parallel to daylight aperture impede light distribution at an office in Dhaka 

Surveys in occupied rooms show that, there are patterns in how spaces are used. However, designers often 

assume that lighting requirements are homogeneous, throughout a space, and thus, they aim to provide 

uniform lighting/illumination levels[106]. 

2.4.1.6 The plan and section of the space 

For buildings, the higher the skin to volume ratio, the greater will be the percentage of floor space 

available, for daylighting, i.e. the ‘light’ zone. Long and narrow footprints are preferable, to square ones, 

up to a limit, although a high skin-to-volume ratio may mean a cooling penalty, in the tropics[107]. The 

aim of maximizing floor area with deep plan in a building, may conflict, with the goal of providing 

interior daylight. Deeper plans may lead to the maximization of darkness zone, and increase dependency 

on artificial lighting[108]. 

Aperture on façade, or envelope, aim to distribute daylight, into maximum spatial depth. Generally 

apertures have limited ability, to distribute daylight into the depth of a space, i.e. to increase the ‘light’ 

zone. Several rules of thumb apply to potential daylighting zones. There is a direct relationship found, 

between the height of the window head, and the depth of daylight penetration. According to Illuminating 

Engineering Society (1924), daylight penetrates about 2.5 times the head height of the aperture, into the 

room from a window (Figure 2.13)[109]. This is referred to as the Daylight Thumb Rule(DTR). 
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Section 2.3.1.2 defines, the spatial depth in a room, up to which penetration of daylight, allows adequate 

daylight for a specific task, and creating  maximum spatial depth of a light zone. Therefore, the daylight 

zone may be considered, to be a depth of about two and a half times the window/aperture head height, 

during the conceptual design phase. The rest of a room, may be considered as dark zone, characterizing 

inadequate daylight. 

Figure 2.13: relation between aperture height and spatial depth of light zone (Source: Robbins, C. L., 

1986) 

The limitations of this rule needs to be considered, before final application, and the following factors 

should be taken into account, to justify the DRT for a defined aperture height: [110] 

 Whether sky condition is clear or overcast 

 Width and orientation of the aperture 

 Glazing medium 

 Interior surface reflectance 

 Obstructions inside/outside the aperture 

 Location and function of the task   

 Time and season of the year 

2.4.2 Shading System 

Once all other variables, of energy efficiency strategies in light zones, have been established, the most 

effective method, to reduce energy consumption, is to select shading systems. Choice of shading strategy 

is determined, by building and site location, orientation, building type and use, sky conditions (the direct, 

diffuse and reflected solar radiation components) and other light sources. The overall cooling, heating and 

daylighting strategies, adopted in the design phase, also influence the choice of shading system[111]. The 

objectives of good shading, for air conditioned buildings, can be simply defined as:[112] 
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 moderating, or blocking, direct solar radiation in light zone, at required periods, to minimize 

indoor temperature, and consequent HVAC load; 

 controlling diffuse and reflected radiation; 

 preventing glare from external and internal sources. 

Compared to naturally ventilated building, the use of appropriate solar controls is very important, for air-

conditioned buildings. The building sector is one of the largest consumers of energy, consuming almost 

45% of global energy for heating, cooling, ventilation and lighting. The overall energy consumption 

determines the electricity bill for a building, of which HVAC is the highest component, and the building 

envelope is the largest contributor of heat gains in a building. Studies show that proper shading greatly 

reduces the cooling load of a space. A recent study in Delhi, India shows that, heat load from envelope 

can be reduced 67- 71%, by the use of shading devices [113].Of all the passive architectural components 

studied in that investigation, shading devices had significantly greater effect in reducing cooling loads of 

a building during the day. It is therefore clear that shading devices used in a location needs to be studied 

as their daylight has the greatest impact on reducing energy needs in office buildings. 

2.4.2.1 Shading Devices  

Shading devices can be an integral part of shading the envelope. It is the most readily applicable and 

flexible method of controlling cooling loads. It can be applied in all climate types in which the sun’s 

influence is significant, and to almost all modern buildings, irrespective of latitude[114]. Shading the 

glass, affects the quantity of incident solar radiation. Thus it influences both thermal, as well as, luminous 

performance. Performance differs with the morphological and physical characteristics of the building. The 

color and material of the shading element, and geometrical features, have significant influence on the 

effectiveness of shading (Figure 2.14)[115]. 

Figure 2.14: difference between dark and light color blinds (Source: Maleki, B.A., 2011) 
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2.4.2.2 Typology of Shading Devices 

Shading devices may be located at the external or internal face of curtain wall systems. Both external and 

internal shading devices are broadly classified into three categories, based on the integration with 

aperture. They are classified within these categories, by their morphological characteristics and physical 

forms. The broad categories of shading devices are [116]: retractable or removable shading devices, 

movable or adjustable shading devices and fixed shading devices. 

 External vs. Internal shading devices 

Both external and internal shades control heat gain. External shades are more effective than internal 

shades, because they block the solar energy, before it enters the window.  According to the U.S. 

Department of Housing and Urban Development, stopping the sun's heat, before it penetrates windows, is 

up to seven times more effective, than using interior blinds or curtain[117]. 

 When using an internal shade, such as blinds or a curtain, the short-wave radiation passes through the 

glass, and hits the shade. Depending on the colour of the shade, some percentage will be reflected straight 

back out the window, but the rest will be absorbed by the shade itself, effectively heating it up. The 

energy from the hot blind is given off, as long-wave radiation, half convecting into the space and half 

reradiating from the other side, back towards the window. Window glass is opaque to long-wave 

radiation, so it gets trapped, between the window and the blind creating green house effects, and ends up 

heating the air within this space, raising the indoor Mean Radiant Temperature (MRT), far above the air 

temperature[118]. This heated air will tend to rise, exiting out the top, and drawing in cooler air from 

below. This forms quite an effective thermosyphon, that continually draws cool air from the bottom of the 

space, heats it up and pushes it out the top, underneath the ceiling. Over a whole day, this can 

significantly increase internal room temperatures. Also, as the return-air ducts of most air conditioning 

systems, are in the ceiling, this hot air can add significantly to air- conditioning loads[119]. 

Thus, even though internal and external shades seem to be doing the same job (protecting the occupants 

from solar radiation), their effect on the performance of the building, is quite different. Internal shading 

devices, therefore, are not as efficient as external shading devices, in controlling thermal gain (Figure 

2.15)[120].The exterior shades absorb, reflect and re-emit a total of up to 95% of the total solar radiance, 

while only 5% is admitted into the interior space[121]. Thus, Heat Gain is significantly reduced, when 

shading is external. 
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Figure 2.15: External versus internal louvers (Source: Maleki, B.A., 2011) 

 Retractable and Movable vs. Fixed shading devices 

Fully retractable external shutters or louvers are effective, but can be costly if automated. Moreover, if 

correctly operated, devices of this type will not lead to an increase in artificial lighting energy[122].  

Even for external shading systems, movable shading devices are unacceptable[123], due to expensive 

maintenance, with dangers and difficulties. The main concern with adjustable external shading systems, 

however, is durability for wind sensitivity. Power-assisted external shades should include a manual 

override, in case of breakdown or power failure, but this is costly. However when they are normally 

operated by occupants, this can result in inefficient use.  

Fixed shading devices are usually external, and highly visible, creating an architectural statement. They 

can provide important architectural opportunities, as fenestration is one of the most visible facts of the 

architecture of a building, creating its imagery. Fixed devices are often preferred, over retractable and 

movable systems, because of their simplicity, low maintenance and generally lower construction 

cost[124].Fixed shading devices are more robust system, technically and in terms of energy. Nevertheless, 

they need precise interpretation, because of the consequences for the interior climate, and thus energy 

consumption, as once constructed, they are not alterable. Hence, the design of static solar protection must 

be such that it contributes permanently, to a higher user comfort, and to the lowering of the building‘s 

energy consumption[125]. 
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Horizontal louvers in a vertical plane, are appropriate when the projecting distance from the wall must be 

limited. This could be important if a building is on, or near, the property line. Louvers can also be useful, 

when the architecture calls for small-scale elements, and a rich texture.  

Another classic horizontal shading system is the light shelf [132]. It is usually mounted above eye height, 

dividing window into a lower part with view, and upper clear storey above. It blocks some incoming 

light, and reflects it up through the upper part of the window, off the ceiling, and into the room, 

illuminating it indirectly, more uniformly, and with a softer light (Figure 2.17)[133]. 

Figure 2.17: Concept of light shelf (source: http://vincesarmy.blogspot.com/2014/11/daniels-review-

light-shelves-unite-and.html) 

The lower the height of light shelf, the greater is the light reflected on to ceiling, but also the incidence of 

glare is likely to increase. External light shelf performs better than the inside ones, when considering total 

light. They can be fixed or pivoted, specular, or having a matt finish. 

When designing an overhang for the south facade, one must remember that the sun comes from the 

southeast before noon, and from the southwest after noon. Therefore, the sun will outflank an overhang 

the same width as a window. Narrow windows need, either a very wide overhang, or vertical fins, in 

addition to the overhang. Wide strip windows are affected less by this problem[134]. 

Horizontal devices will be the most effective, when the sun is opposite to the building face considered, 

and at a high angle, such as for north and south facing walls[135].In summer they can block the rays of 

the sun. In winter they can admit radiation from the sun's lower position.  

Vertical shading devices 

Vertical devices consist of louver blades, or projecting fins in a vertical position (Figure 2.18)[136]. 

Narrow blades, with close spacing, may give the same shadow angle, as broader blades, with wider 

spacing, and are often presented as the shading devices of choice, for east and west[137]. Vertical fins can 
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Researchers[142] agree, that a few simple steps need consideration, during the design of shading devices, 

to minimize the effects of the first situation. These are: 

Establishing when shading is required: As direct radiation would contribute adversely, to the overall 

thermal condition of a space, shading would have to be provided during 'overheated' times. 

Establishing the location of the sun when shading is required: Once the time of shading for a 

particular opening has been established, the location of the sun during that time can be determined from 

sun path-diagrams, for the latitude in question. In Figure 2.19[143], the strong lines which run across the 

diagram approximately east to west, show the sun's path across the sky hemisphere, on day 21of two 

indicated months in pairs, e.g. April-September. The short lines, intersecting these strong lines indicate 

the hour in question.  

Figure 2.19: Sun path diagram for Dhaka (Source: Ahmed, Z.N. 1987) 

Often, seasonal conditions in the different months of the year, differ widely, and therefore, the times when 

shading is required, for the different periods, may not coincide. Conditions may even produce conflicting 

solutions. Researchers[144] recommend that it is preferable to shade, during the overheated period, and 

the earliest start of shading times should be employed. 

Determining the proportions and dimensions of the shading device: Dimension of shading, with 

superimposed shading times, can be determined directly, from the sun path diagram, using the Shadow 

Angle Protractor. The horizontal dimensions of shading, can be determined by vertical shadow angle and 

the dimensions of vertical shading, from the horizontal shadow angle, with the help of the following 

formulae: (Figure 2.20)[145] 

 Horizontal shade depth=opening height/tangent of (vertical shadow angle) 

 Vertical shade depth=opening width/tangent of (horizontal shadow angle) 
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Figure 2.20: Horizontal and Vertical Shadow Angles (Source: after Robbins,C.L.,1986) 

At a specific location, orientation and hour of the day, vertical and horizontal shadow angles are fixed for 

horizontal and vertical shade depth, if all other variables remain fixed.   

2.5 Daylighting Aspects of Dhaka’s Climate  

The last section already mentioned the necessity of determining the overheated period for a specific 

location, as a first step of designing shading devices. The chosen location for this work is Dhaka, the 

capital city of Bangladesh. The Bay of Bengal bounds the country in the south, and there is land on the 

other orientations. The geographic location of Dhaka is, longitudes: 90° East- 90°30' East and latitudes: 

23°40' North - 23° 55' North. This section is concerned with the analysis of climate of Dhaka city, in 

terms of its challenges and potentials to daylight design.  

2.5.1 Climate of Bangladesh  

The climate of Bangladesh is categorized as composite- monsoon, based on the widely used classification 

of tropical climates by Atkinson[146]. There are three distinctive seasons, the hot humid, the hot dry and 

the cool dry season[147]. Meteorologically, the climatic of Bangladesh is classified into four distinct 

seasons - winter, pre-monsoon, monsoon and post- monsoon[148], where the winter is cool and dry, the 

pre-monsoon is hot and dry; the monsoon and post-monsoon seasons are hot and wet. 

Statistics show that[149], the winter months, December to February, are characterized by infrequent rains, 

cold northerly winds, mean temperatures of 2l°C with a mean maximum temperature  below 26°C. The 

pre -monsoon period covers the months March, April and May, and is characterized by occasional 

thunderstorms, and an average maximum temperature of 34°C. The monsoon is the longest season, 
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covering the months June to September, a period with torrential rains, with the average relative humidity 

above 80%, and an average temperature of 31°C. The post-monsoon season ranges between the months 

October and November. It is also regarded as a transitional (to winter) period, with infrequent rains and 

average temperatures below 30°C. 

2.5.2 Microclimate of Dhaka City  

The climatic characteristics of Dhaka city differs from that of other cities of the country, due to its dense 

physical development and location. Again, within the same city, these characteristics are further modified 

in different locations[150].It is due to the surface quality of the area - hard or soft, density of built 

environment, building type, building heights and their orientations, proximity between buildings, 

materials used for construction, dependence on electrical and mechanical appliances and other related 

factors[151], that these variations are created. The variations of some major climatic variables, in 

different months of the year 2012, for Dhaka are shown in Table 2.1. 

 

Table 2.1 Monthly average temperature, relative humidity, cloud coverage and sun shine hours profile of Dhaka city 

for the year 2012 (Source: Climate division, Bangladesh Meteorological Department, Agargaon, Dhaka, 2012) 

Month Jan. Feb. Mar Apr. May June July Aug. Sep. Oct. Nov. Dec.

Mean Max.Dry-bulb 
Temp. ( ˚C ) 

25.4 28 33.8 36.5 34.6 32.8 31.8 32.5 32.4 32.8 29.8 27 

Average  Dry-bulb 
Temp. ( ˚C ) 

18.9 22.1 27.1 28.1 30.1 29.7 29.1 29.2 29 27.9 23.5 18.4 

Mean Min.  Dry-bulb 
Temp.( ˚C ) 

11.3 15.7 19.3 24.6 26.3 26.9 26.3 26.5 26.3 24 19.9 13.3 

Monthly Average 
Humidity ( % ) 

66 52 57 69 70 77 79 78 79 71 68 77 

Monthly avg. cloud 
amount (octa) 

2 1 2 4 4 6 7 6 6 4 2 1 

Monthly  average  
Sunshine (hr) 

4.6 7.1 7.6 7.1 6.2 2.9 3.9 3.8 4 6 5.6 3 

2.5.2.1 Temperature 

The temperature profile of Dhaka, based on meteorological data recorded from 1950 to 1980, exhibits 

relatively higher monthly maximum average temperatures in March, April and May i.e. pre-monsoon 

period than in later periods.(Figure 2.21) 
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Figure 2.21 Monthly Mean Maximum and Minimum Air temperature profile for the year 1950-1980, 1981-1990, 

1991-2000, and 2001-2011. (Source: Climate division, Bangladesh Meteorological Department, Agargaon, Dhaka, 

2012) cited from Shahjahan,A.(2009) 

 The temperature profile of the next decade (1981-1990) shows a slight decrease from the previous 

period. But again, for the years 1991-2000, the readings indicate that pre-monsoon period accounts for 

higher maximum average temperature, while in April it is the highest, and the overall temperature profile 

of April has increased by 0.4 deg C, as compared to temperature profile of the previous decade[152]. The 

more current data for the period 2001-2011, shows higher magnitude of mean maximum temperature, 

than previous sets of data, during the whole pre-monsoon and monsoon period. For mean minimum 

temperature, it remains high all the year round. Figure 2.21 shows the monthly mean maximum and 

minimum temperature profile, for four time spans; 1950-1980, 1981-1990, 1991-2000, and 2001-2011. It 

is clearly evident that, the annual average temperature is increasing with time. The mean maximum 

temperature in mid April, always remains the highest over the year.  

2.5.2.2 Solar Radiation 

According to the Renewable Energy Research Center of Dhaka University, in the hot dry period, 

particularly in the months of March, April and May, the global solar radiation is high, in comparison with 

that in the rest of the warm seasons in Dhaka, and generally, it is the maximum in April[153]. The cloudy 

atmospheric condition, during the monsoon and post-monsoon period, results in reduction of solar 
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radiation intensity[154]. From Figure 2.22 it is evident that at the middle of April the global radiation 

reaches its maximum magnitude. 

Figure 2.22 Yearly Weather Data showing temperature profile and solar radiation (Source: Ecotect weather tool 

output) 

According to Ecotect yearly weather data, April is characterized with direct and diffuse solar radiation 

intensity. Figure 2.22 shows, in April direct radiation is less than in March and higher than in May. 

Diffuse radiation shows, a reverse character for the same months, and it increases steadily from March to 

May. However, in March, the direct solar radiation is the maximum of the hot dry period and then it 

gradually decreases. After July, in the warm humid period, the direct solar radiation begins to rise once 

again, reaching its maximum level in winter. In comparison to the direct solar radiation, the diffuse solar 

radiation remains much steadier throughout the year. It remains higher from March to September, than in 

the winter, having its maximum magnitude in May. 

2.5.2.3 Relative Humidity 

Data provided by the meteorological office of Dhaka, exhibits that the mean annual relative humidity 

between years 1950 to 1980 was 76%. Relative humidity is highest in the monsoon, and comparatively 

low in the winter seasons. However, in Figure 2.23 data[155] for the next decade shows a decreasing 

trend from the previous decades, because of the increasing trend of temperature. The recent trend (Table 

2.1 and Figure 2.23 ) shows that in April, relative humidity remains much higher than the March value, 

and close to the May value. Relative humidity directly affects the clarity of the atmosphere, and hence the 

quality of daylight. 
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Figure 2.23 Monthly Relative Humidity and annual variation during 1950-2011 (Source: Climate division, 

Bangladesh Meterological Department, Agargaon, Dhaka, 2012) cited from Shahjahan,A.(2009) 

2.5.2.4 Cloud Coverage 

The luminous environment of a city is related with the duration of sunshine hours and sky condition, two 

major climatic factors determining the quality and quantity of available daylight .The clear sky condition 

enhances direct solar radiation to reach the building surface, while increasing HVAC load[156].  

 In the context of Dhaka, the sky remains both clear, as well as overcast, in different parts of the various 

seasons. During summer (Hot Dry), the monthly average cloud amount generally varies from 2 to 4 

octa[157] (Table 2.1). It is a mixed day condition, which means the sky remains both clear (sunny with 

sun) and overcast[158]. During the hot-humid period the sky remains considerably overcast, and in the 

monsoon (June-September) which is one third of the whole year, fully overcast conditions prevail. During 

the winter (December-February) the sky mostly remains clear[159].  

In composite climates like Dhaka, where both overcast conditions, as well as clear blue skies are 

observed, during the course of each year, designers face difficulties. The ways and means of tackling the 

two conditions are quite contrasting to each other[160]. 

2.5.2.5 Sun Shine Hours 

The amount of solar radiation, received by the surfaces, also depends on the duration of sunshine,[161] 

which in turn affects the direct sun light zone of building interiors. Dhaka has the highest sunshine hour 

of the entire year, in the hot dry period (Table 2.1), and generally it reaches the maximum value in 

April[162]  [163].During the monsoon months (warm-humid season), this comes down, due to cloud 

cover. After the monsoon, generally it once again increases steadily[164].  
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2.5.2.6 Day light Illumination level 

Direct sun light is intense, and varies substantially, as the sun’s position changes, throughout the day (up 

to 1,00,000lux).Daylight from clear sky, can be 10 to 25% of the intensity of direct sunlight(10,000-

25,000lux).Daylight under partly cloudy conditions, can be highly variable; daylight under full overcast 

conditions, can be as low as 5 to 10% of sun conditions(5,000-10,000lux)[165] [166].Published data on 

outdoor design sky illuminance, specifies a value of approximately 10,000-12,000lux for Dhaka’s 

latitudes[167]. Illumination level also varies with latitudes. In lower latitudes, the sky is much brighter, 

than it is in the higher latitudes. Suggested values for ‘design sky’ in different latitudes are given in Table 

2.2[168] 

Table 2.2 Illumination from a design sky on a horizontal unobstructed surface (Source: Evans,M.1980) 

Overcast sky Unit: lux(lumen/m2)
Latitude 50-60̊ 5000
Latitude 40-50 ̊ 5000-6000 
Latitude 30-40 ̊ 6000-8000 
Latitude 20-30 ̊ 8000-10000 
Latitude 10-20 ̊ 10000-15000 

clear sky(sun altitude 15’ minimum) Unit: lux(lumen/m2)
All Latitude 5000
Solar Altitude 15 ̊ 14000 
Solar Altitude 30̊ 36000 
Solar Altitude 45 ̊ 58000 
Solar Altitude 60 ̊ 75000 
Solar Altitude 75 ̊ 83000 
Solar Altitude 90 ̊ 94000-110000 

 

The heat content of a specified percentage of available daylight in Dhaka, is likely to be 2 to 2.5 times the 

UK value, where the design sky illumination is only 5000lux[169].Therefore, for the Tropics, daylighting 

considerations should always be weighed against the heating implications, to avoid wasteful energy 

consumption, due to cooling loads. 

2.5.2.7 Comparative analysis of environmental matrix of Dhaka 

HVAC load and use of air conditioning in buildings, mainly depend on the thermal comfort of occupants, 

based on environmental variables, in the different seasons of a year. In tall office buildings, with curtain 

glass façades, inclusion of solar radiation in light zones, acts as the key factor to influence HVAC load. 

Table 2.3 compares the environmental variables for the whole year, and illustrates their potential impact 

on climate[170].From this table it is evident that, March to May is the most critical part of a year, because 
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in this part of the year, very high air temperature is associated with high amounts of solar radiation 

inclusion in light zones, accompanied with high humidity values. Mixed sky conditions, dry weather, 

higher solar altitude angles, higher solar intensity and higher duration of sun-shine hours, have given 

April, the status of the hottest month in this region[171]. Thus, this extreme overheated part of the year, is 

crucial in terms of having potential impacts on occupant’s indoor thermal comfort, increasing the HVAC 

load, over and above its value for the rest of the year. 

Table 2.3 The environmental matrix of Dhaka, Bangladesh (Source: After Mridha 2002) 

Month Air Temp. Radiation R. Humidity 

Jan    
Feb    

Mar    
Apr    

May    

Jun    
Jul    

Aug    

Sep      Very High 

Oct      High 

Nov      Moderate 

Dec    Blank cells indicate low value 

 

Both clear and overcast sky conditions prevail in the Hot Dry period .Clear sky mostly helps to increase 

HVAC load, inviting higher amounts of direct sunlight in the direct sun light zone, than the overcast sky. 

In Hot Dry period, controlling the inclusion of direct solar radiation can, potentially, moderate the 

overheated daylight condition, and adequate shading can play a great role in controlling HVAC load[172]. 

Based on the climatic information, therefore, April with its very high air temperature, radiation and high 

humidity value has been chosen as the study period for this research. It may be noted here that the scope 

of this thesis, to evaluate shading, in terms of the issue raised in the environmental agenda, is limited, as 

issues like precipitation, wind speed, wind direction etc. have not been addressed in this investigation. 

2.6 Summary of the findings 

 At present, the buildings above six storied can be considered tall. Particularly, The recent tall 

office buildings, which extensively use curtain glass, need special treatment of their vast vertical 

facades, in the tropical region. 
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 Maximization of glare free acceptable illumination level, and minimization of HVAC /cooling 

load, ensuring both visual and thermal comfort, is the key criteria of energy efficient daylighting. 

Undeniably, research needs to be conducted, in order to examine the analytical application of 

daylight-zones i.e. illumination level, intensity change with the direction, distribution. The 

lighting/luminous variables and the effect of daylight on thermal variables, relevant to air 

conditioning, ensuring energy efficiency  and comfort, are likely to conflict in satisfying both the 

requirements simultaneously. The general standards for lighting and thermal needs are also 

discussed in this chapter. To avoid glare and achieve acceptable illumination range, the rule is to 

avoid luminance ratios, or brightness ratios, larger than 1:3 and 3:1 between the work surface, and 

the near visual field of the immediate background.  

 Among the daylight strategies for energy efficiency the following findings are of utmost 

importance: 

 To reduce energy consumption through Daylighting, control in south, east and west orientation is 

of utmost importance, compared to the north.  

 Clear glass transmits maximum daylight, and is the more preferable, if its adverse effects of 

allowing heat can be controlled.  

 The plan and section of the space is very important, to get enough daylight up to maximum 

spatial depth, without hampering thermal energy efficiency. The Daylight Thumb Rule needs to 

be verified in the context of Dhaka.  

 Fixed external shading devices are the most efficient control strategy of Daylighting, to reduce 

energy consumption in the summer, particularly in the Tropics. Horizontal, vertical and egg-crate 

are the three general types, of geometrical and formal compositions, with their different elements 

and material, to address this issue significantly. Generally Horizontal type works the best in 

south, vertical  in the east, west and, egg-crate in the east, west, south-east and south-west.  

 Mid April with sunny sky condition, is identified as the extreme climatic condition for energy 

consumption and comfort, in the context of Dhaka, Bangladesh. The daylight condition varies 

throughout the year, having both overcast and clear skies.  

2.7 Conclusion 

This chapter has discussed the concept of using light-zone(s) through proper shading, as offering a new 

method of perceiving, considering and analyzing daylight in architecture, especially for the recent tall 

office buildings, minimizing HVAC load, and overall energy consumption.  

According to the scope of this thesis, recent tall office buildings, luminous and thermal aspects of daylight 

for energy efficiency and comfort, relevant daylight strategies and climatic context of Dhaka have been 
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discussed in this chapter, based on the previous research and published sources. The findings of this 

chapter helped to select issues on which detailed steps for the field survey and simulation study has been 

developed in the next Chapter.  
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CHAPTER: THREE 

METHODOLOGY FOR SIMULATION STUDY 

3.1 Introduction 

Chapter 2 discusses the outcomes of the literature review,  to describe the basic information required, to 

identify aspects on which the simulation could be conducted. This chapter contains the detailed steps of 

the simulation exercise, done during this research. The efficiency of shading devices, and its impact on 

energy consumption, considering the conflicts of luminous and thermal issues, can precisely be evaluated 

by a simulation study. In reality, due to the simultaneous influences of many different conditions, it is 

difficult to isolate the exclusive effect of one single aspect, and its variations. Simulation allows study of 

the effect of changes in one aspect, keeping other factors constant. The observations of simulated 

behavior, that occurs due to changing parameters, allow the identification of elements, the reduction or 

introduction of which, in the design, contribute to energy efficiency. In this simulation study, the 

performance of shading devices has been analyzed, by assigning simulation parameters, derived from 

both field and literature study. A dynamic computer simulation program named 'ECOTECT' (version 

5.50) with ‘Radiance’ has been used for this simulation study. 

The findings of this chapter help to evaluate the energy efficiency of ten shading devices, that were found 

to be used in commercial office buildings of Dhaka. This chapter also includes the method of simulation 

tool selection, shading devices selection, and selection of different parameters for their energy efficiency 

evaluation, in the context of tall office buildings of Dhaka.  

3.2 Methodology for simulation study 

In this research, the prospective simulation study was chosen to identify the shading device, that can help 

to improve energy efficiency of office space. Figure 3.1 shows the flow diagram of the methodology for 

the simulation process of this research. Initially a field investigation was conducted, to define the case 

shading devices, and their parameters were thoroughly studied. Then simulation tool was selected for 

measuring the performance of the daylighting and thermal configurations. The measurement of 

illumination level determined during field survey in one of the  office buildings by light meter, the 

deviation of the results derived from software, from on site measured values. Following this validation, 

the virtual 3D case simulation model, with the selected shading devices were formed based on the field 

investigation data, with the selected simulation software tools. In these models, all other general 
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parameters of tall office buildings of Dhaka, identified from literature review, were considered constant. 

The depth of the model space, was derived from maximum depth of accepted illumination level, through 

parametric study of daylight simulation.  

 

Figure 3.1: Flow diagram of the simulation process of this research 

For analysis, the working planes of the models were divided into  the test grid points, and daylight 

simulations were done using climatic data, for selected time period, day and orientations. Under the same 

outdoor environmental condition, thermal simulations were also run, setting the parameters of thermal 

comfort and air conditioning. After converting the simulation results into efficiency measures, they were 

evaluated  based on the efficiency  measuring criteria, developed from literature study.  

Literature review 

 Identifying climate parameters 

 Identifying criteria for model space 

 identifying measures/criteria to evaluate efficiency 

lighting efficiency HVAC load efficiency ratio of acceptable 
daylight area/HVAC load 

Pilot survey Identifying shading types 

Simulation 

 Identifying depth 

 setting the model with shading types 

analysis 
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3.2.1 Field Survey and selection of shading devices 

In a pilot survey, a total number of 106 offices were surveyed, to understand the physical characteristics 

of the shading systems used in office buildings of Dhaka. Appendix A1 lists offices included primarily in 

the survey, the criteria for which were based on the following factors. 

 The buildings should be located in different commercial zones of Dhaka, such as Panthapath, 

Kawranbazar, Mohakhali, Gulshan, Banani, Baridhara, Shre-e-Bangla Nagar, Mirpur Road, 

Satmosjid Road, Motijheel, Dilkhusha, New Paltan.  

 The building should be designed as a office and built in accordance with the Building 

Construction Regulations of the concerned authority. 

 The buildings should be constructed/designed in the last ten years, i.e. after 2004 

 Based on the criteria defining tall buildings in Chapter 2 (section 2.6), the buildings should be 

above six stories. 

 The buildings should have curtain glass façade, as they need special attention during daylighting 

(Section 2.6) under tropical conditions. 

 The buildings should fixed exterior shading system on curtain glass façade. 

The buildings were then categorized (Appendix A1), considering the typology (both geometry and 

material) of shading devices. The detail features and specifications of the shading devices, were identified 

from instrumental measurements and data collection, during the field study. Information of under 

construction buildings were also collected from respective Architectural and Construction Firms. Finally 

9 buildings with 10 shading devices were short listed for simulation through convenient sampling, from 

similar typologies, based on the different features, of the shading devices employed. As detail of the 

building surroundings, interior materials, finishes, furniture and orientation were fixed in the simulation 

study, these parameters were not discussed in this investigation. 

3.2.1.1 Preliminary Findings  

From the list of 106 buildings (Appendix A1), it was found that 44% (Figure 3.2) of them do not have any 

external shading device. Most of the office buildings depend on glazing types, i.e. tinted, reflective 

glazing for sun control, which is less efficient than external shading devices (chapter 2).The problem is 

more acute in older buildings. In new buildings, and those under construction, mostly tempered clear 

glass façade, with single, or a combination of different types of fixed external shading devices, have been 

identified. Though they differ in material composition, the general physical details, and percentage of use 

of the different types of horizontal, vertical and composite shading devices, found in the primary field 

survey are given in Table 3.1. Most of them (except H01, H02 and H06) are attached to the facade, with 
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H04: It is a screen of aluminum fins, working as horizontal louvers, most commonly used after H01.It 

may also be called an extended version of H03.H04 has similar cornice as H03.However, local box type 

100mmX25mm grey silver polyester powder coated aluminum section of 1.8mm thickness with 100mm 

spacing was only found of this type. 

H05: It is similar to H04 but has angled aluminum louvers. The angle may vary according to design. 

H06: like H01, H06 also consists of simple concrete slabs, but they are more than one in number. The 

concrete louvers placed in array, may not be of the same size. In the survey, the mid louvers were found 

of smaller depth and thickness. 

 Vertical shading device 

In comparison to the Horizontal type, use of vertical shading was found to be negligible. In some 

buildings, columns remaining exposed to the outdoor, may act as vertical shading to adjacent indoors. 

However, in all cases of the field survey, this treatment is used only for ornamentation, as the column 

depth is very small in comparison to the spacing, thus hardly considering any shading. Only one instance 

of vertical aluminum fins, used as vertical louvers (Table 3.1), was found in an under construction 

building, fitted like a screen. The physical features of this vertical aluminum louvered screen, coded V01, 

are similar to H04, but possessing vertical arrangement. 

 Composite shading device 

Composite shading device were found in only 3% of the surveyed buildings, composed of aluminum 

fined screen type, similar to H04 and V01.However, aluminum fins working in combination of both 

horizontal and vertical louvers of this type, were available only in two buildings. Their arrangements are 

of two types(Table 3.1): 

C01: It is simple egg crate arrangement placed before glass curtain wall. The spacing of the louvers was 

found greater than H04 and V01 in the survey. 

C02 and C03: Both C02 and C03 use diagonally placed aluminum louvers. In the survey, the angle of 

diagonal louvers was found to be 45 ̊ in anti clock-wise direction for C02, and in the clock-wise direction 

for C03. 

3.2.1.2 Final Selection of Shading Devices 

From the typology of shading devices found in the field survey, the buildings identified in Table 3.1, were 

selected for final evaluation. Except H01 and H04, most of the shading devices are very small in number. 
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But for the study, all ten types were simulated to find their effects on the light zone, and their thermo-

luminal effects on the interior. 

 

 

 

 

 

 

Table 3.1 List of finally selected office buildings 

Id. 
no. 

Shading 
device  

General Plan and section of shading 
devices found in primary survey 

Color/detail use Finally selected building  

H01 concrete 
cornice 

 

White paint 
on concrete 
 
 

22% 

Nuruzzaman Biswas 
Tower, Gulshan  

H02 Aluminum 
louvered 
cornice 
with 
concrete 
boundary 

 

White paint 
on concrete 
boundary 
And  
grey silver 
polyester 
powder 
coated 
aluminum 
louvers 

5% 

 I Center, Dhanmondi 
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Id. 
no. 

Shading 
device  

General Plan and section of shading 
devices found in primary survey 

Color/detail use Finally selected building  

H03 Horizontal 
Aluminum 
louvered 
overhang 

 

White paint 
on concrete 
cornice 
And  
grey silver 
polyester 
powder 
coated 
aluminum 
louvers 

3% 

The Alliance 
Building,Baridhara  

H04 Horizontal 
Aluminum 
louvered  
screen 

 

White paint 
on concrete 
cornice 
And  
grey silver 
polyester 
powder 
coated 
aluminum 
louvers 

17% 

Uday Tower,Gulshan  

H05 Horizontal 
angled 
Aluminum 
louvered  
screen 

 

White paint 
on concrete 
cornice 
And  
grey silver 
polyester 
powder 
coated 
aluminum 
louvers 

3% 

MikaCornerstone, Uttara  
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Id. 
no. 

Shading 
device  

General Plan and section of shading 
devices found in primary survey 

Color/detail use Finally selected building  

H06 Horizontal 
Concrete 
louvers 

 

White paint 
on concrete 

2% 

NCC Bank,Head 
office,Motijheel  

V01 Vertical 
Aluminum 
louvered   
screen 

 

White paint 
on concrete 
cornice 
And  
grey silver 
polyester 
powder 
coated 
aluminum 
louvers 

1% 

PG administrative 
building,Shahbugh  

C01 Eggcrate 
Aluminum 
louvered 
screen 

 

 

 

White paint 
on concrete 
cornice 
And  
grey silver 
polyester 
powder 
coated 
aluminum 
louvers 1% 

Shezad Palace,Gulshan  
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Id. 
no. 

Shading 
device  

General Plan and section of shading 
devices found in primary survey 

Color/detail use Finally selected building  

C02 Diagonal 
(anti-clock 
wise) 
Aluminum 
louvered   
screen 

 

White paint 
on concrete 
cornice 
And  
grey silver 
polyester 
powder 
coated 
aluminum 
louvers 

1% 

Rans Legacy,Gulshan  

C03 Diagonal 
(clock 
wise) 
Aluminum  
louvered 
screen 

 

White paint 
on concrete 
cornice 
And  
grey silver 
polyester 
powder 
coated 
aluminum 
louvers 

1% 

Rans Legacy,Gulshan  

 

3.2.2 Selection of Simulation program 

Simulations analysis of this research was carried out using building analysis software (Appendix A2) 

ECOTECT v5.50 with Radiance. It features a user-friendly 3D modeling interface, fully integrated with a 

wide range of performance analysis and simulation functions for a detailed climatic database.  

3.2.2.1 Climate database 

The weather file 'Dhaka_Bangladesh.wea', was prepared for research purposes, by using the Weather 

Tool, associated software of Ecotect. Hourly weather data 'BGD_Dhaka.419230_SWERE.epw, was 

collected from the US Department of Energy for Dhaka/Tejgaon_(MIL)[1]. The Weather Tool then auto-

detects EPW files, and reads the location information, from the LOCATION line.  
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Table 3.2 site parameters of Dhaka from weather file 

Parameters                                                                          Details 
Latitude 23.8°' North 
Longitude 90.4°  East 
Local Time Zone (hours ahead of GMT) GMT +06.00 
Local Terrain Urban 

 

The combination of site parameters (Table 3.2) and hourly weather variables forms the weather file, with 

which the simulation program 'Ecotect' with ‘Radiance’, is capable of analyzing hourly illumination level 

at any point on a working plane, and simultaneous HVAC load, of a simulation model. 

3.2.2.2 Validation  

The major decisions  regarding daylight in this research, are based on the quantitative findings of the 

selected simulation program 'Ecotect', with Radiance. Therefore, the quantitative judgments from 

practical field of these results, were tested,  to ensure their conformity. To validate the simulation results, 

measurements of daylight illumination levels by light meter, were taken on an example space,  to compare 

illumination values generated by the software, with the actual measured indoor daylight levels, when the 

sky was overcast, and the average outdoor illumination value was 15,500 lux. 

Figure 3.3: Google map of Site of example office      Figure 3.4: Axis Delvista street view from Google 

The 3rd floor of the building named 'Axis Delvista' , 7/1, Block - A, Aurangajeb Road, Dhaka, 

Bangladesh (Figure 3.4) was chosen as the example space for simulation, from the list of the primary 

selected buildings of the field survey. The chosen floor is one of the typical floors (Figure 3.5) of the 

building, the plan of which is repeated on the rest. All its sides face similar outdoor conditions, of the 

upper floors of tall office buildings, as they are obstructions free with road on two sides and vacant plots 

on the other sides.(Figure 3.3). Being one of the top floors, the effect of ground reflection on it, is also 

low. During the survey, this floor was kept in an almost vacant condition and the existing workstations or 

Aurangajeb Road 

 

Mirpur Road 

Axis Delvista 
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partitions were easily removable, to avoid interruptions in daylighting penetration. The uninterrupted 

work plane was an ideal condition for validation. Moreover, the floor plan is similar to the schematic 

typical plan of a high rise or tall office building (Figure 3.6). 

 
Figure 3.5: Office interior at Axis Delvista  

Figure 3.6: Schematic drawings showing generation of simulation model, from typical high rise building 

(a) Section of typical high rise building (b) Typical floor plan of high rise building(Source: Rahman.A 

and Ahmed.K.S,2008) 

The other parameters of existing individual construction elements are given below. the composition of 

materials in each component is mentioned according to their position from inside towards the 

outside(external surface of individual elements). 

 Floor dimension:17375mmx31395mm, Floor height(Clear):3000mm 

 Ceiling: white painted on 12.5mm plaster, 150mm RCC (reinforced cement concrete, 

1:2:4),(reflectance:0.7, U value:2.05W/m2K) 

 External wall: 18.5mm plaster, 225mm brick work, 18.5mm plaster (reflectance:0.7, U 

value:1.820W/m2K) 

 Internal wall: 150mm brick work (reflectance:0.753, U value:2.602W/m2K) 

 Floor: 200mm thick concrete slab (reinforced cement concrete, 1:2:4),plus tiles finishes 

(reflectance:0.57, U value:2.9W/m2K) 

 Glazing: Single pane of blue glass with aluminum frame (reflectance:0.89, U value:6W/m2K) 

(a) (b) 
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simulation results, which indicates a variation of only 11%. The findings of this comparison demonstrate 

that in conditions prevailing in Bangladesh, the software 'ECOTECT' with 'Radiance' shows a good match 

with actual conditions. 

 

Figure 3.9: Daylight simulation results of surveyed floor at Axis Delvista 

Table 3.3 Deviation of the simulation results from field survey 

Grid points Survey Ecotect deviation % 

A9 474 379 95 20 

A10 596 676 80 13 

A11 3074 3134 60 2 

B1 72 60 12 17 

B2 80 73 7 8 

B3 111 119 8 7 

B4 155 125 30 19 
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B5 213 168 45 21 

B6 154 167 13 8 

B7 285 217 68 24 

B8 244 226 18 7 

B9 357 382 25 7 

B10 782 794 12 2 

B11 3488 3290 198 6 

C1 67 55 12 18 

C2 77 59 18 23 

C3 151 123 28 19 

C4 170 156 14 8 

C5 165 195 30 18 

C6 193 205 12 6 

C7 176 222 46 26 

C8 292 275 17 6 

C9 545 453 92 17 

C10 776 825 49 6 

C11 3590 3480 110 3 

D1 39 44 5 13 

D2 62 74 12 19 

D3 394 303 91 23 

D4 399 421 22 6 

D5 541 468 73 14 

D6 510 486 24 5 

D7 605 507 98 16 

D8 465 543 78 17 

D9 814 720 94 12 

D10 1141 1072 69 6 

D11 3525 3406 119 3 

E3 2995 2974 21 1 

E4 3212 2983 229 7 

E5 3141 3056 85 3 

E6 3230 3079 151 5 

E7 3022 3058 36 1 

E8 2885 3185 300 10 

E9 3206 3111 95 3 

E10 3674 3334 340 9 

E11 4910 4740 170 3 

average 1223 1187 71 11 
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3.2.3 Identification of  climate based Simulation parameters  

Before starting the simulations a set of parameters are needed to be input into the program. These are 

described below. To investigate the results of both daylight and thermal simulations, a specific day was 

selected (from the weather database) with time period and different orientations on the basis of some 

specific attributes to observe the results.  

 Setting the Time Period for Simulation 

Office spaces are used with daylight during the daytime. In general, the office time is from 0900 to 1700, 

and this time period is taken as the critical time period for the simulations[2]. In this research, a one hour 

time interval was chosen.  

 Setting the Simulation Day and Sky condition 

For individual daily profile analysis, a day of the year has been selected, considering to the office hours in 

the overheated period (chapter 2). In section 2.6, mid of april has already been identified for simulation. 

According to the climate database of U.S. Department of Energy, 15 April (Day 105) is a day featuring 

one of the extreme climatic features (Figure 3.10) of the hottest month of the year in this region. 

Therefore, the test day is 15 April. Outdoor air temperature range of this day, during office hours, is 

31.4 ̊C-33.9C̊ and relative humidity is 61.67%, which is higher than average RH of the month (59%). The 

average temperature of this day, during office hour is 32.9 ̊C. From 0900-1700 hours the cloud cover is 

less than 2 out of 8 octa (14.4% coverage). It has been observed that the sky condition in hot dry period is 

mixed, and the clear sky condition prevails for the chosen day. On this day, global radiation had one of 

the highest magnitudes of the year. Therefore, average direct solar radiation is the highest during office 

hour, because of clear sky. This clear sky condition of the chosen day is also important to evaluate the 

efficiency of the fixed shading devices. Fixed shading devices are effective to reduce heat gain from 

direct sunlight, or direct solar radiation, which is the main source of increased cooling load. These are the 

reasons behind choosing a day with clear/sunny with sun sky condition.  

Figure 3.10: Daily condition of 15 April (Source: Ecotect weather tool output) 
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 Identifying the Orientation for Simulation 

According to the sun path diagram, direct sun light can penetrate to the south, east and west orientations, 

but not the north, for the whole year in Bangladesh, already identified in Section 2.6[3]. Therefore in this 

study north orientation has not been counted for simulation. 

3.2.4 Identification of the measures/criteria for efficiency assessment  

 Lighting/ luminous efficiency 

Maximizing glare free daylit areas, of acceptable illumination range, for specific tasks, in the light zone 

(Chapter 2), is the prime criteria of good quality for daylighting. Different International standards i.e. 

ASHRAE Standard[4], CIBSE[5] and national standards i.e. the BNBC code[6], specifies standard 

illumination ranges of daylighting, acceptable for general office work, according to which the minimum 

illumination level for general office is 300lux.Conversely, in this research, the area with illumination 

level less than 300lux has been treated as dark zone, that is the artificial lighting zone. According to the 

thumb rules of glare, (Section 2.6) an occupant is affected by glare, at illumination levels greater than 

900lux. Therefore, the shading device which can ensure greater average area of usable illumination level, 

between 300-900lux, can be considered as the first criteria of energy efficiency with respect to 

daylighting. Both glare and dark zones, are unusable in daylit buildings for specific tasks, in the absence 

of glare controllers or electrical lighting. For this research, four criteria were used to evaluate the different 

shading devices used in office buildings: 

 area of acceptable illumination level(≥300 to ≤900 lux) 

 area of glare zone(>900lux) 

 area of dark zone(<300lux) 

 Maximum depth of light zone(up to the depth where 300lux is achieved) 

 When a shading device is found to perform better, based on most of the criteria; its maximized glare zone 

can be ignored. The argument is that area of glare can be used, for any other function that requires higher 

illumination levels like drafting, without energy implications for lighting .Moreover glare zone may be 

converted into usable glare free area, only by changing the direction of seating in the interior layout, so 

that direct glare is eliminated. But Dark zone may require electricity consumption for artificial lighting. 

Therefore, in respect to energy consumption for lighting, glare zones are preferable before dark zones. 

 HVAC load and space heat gain/ thermal energy efficiency 

According to the literature review in Chapter 2, light zone may bring unnecessary heat, to increase HVAC 

load, with direct sun light. The lower the average HVAC load for thermal comfort during office hours ,the 
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more energy efficient the building is. This fully depends on the standards and the combination of different 

parameters of thermal comfort, including the operating issues of air conditioning. Simulation parameters 

for thermal comfort, have been considered comparing National[7] and International standards[8] as 

shown in Table 3.4.  

Table 3.4 Thermal simulation parameters of thermal comfort (Source: BNBC Code-1993, ASHRAE Standard-2008, 

Ecotect zone setting-v 5.50) 

Internal design condition BNBC ASHRAE Ecotect (default) considered 
Temperature(°C) 24.5-26 24,25  24.5-26 
RH (%) 50-55 50,55  53 
Air speed(m/s) 0.12-0.25 <0.2  0.2 
Clothing (clo) 0.6 0.5 ~1.0  0.6 

Occupancy and operation     
Occupancy  BNBC ASHRAE Ecotect (default) considered 
No. of people    7(Typical-12 m2ea.) 7 
Activity-avg. biological heat output(W)   70(Clerical) 70 
Internal gain BNBC ASHRAE Ecotect (default) considered 
Sensible gain(W/m2 )   40(small power load without 

artificial lighting) 
40 

Latent gain(W/m2 )   0(no evaporation) 0 
Infiltration rate BNBC ASHRAE Ecotect (default) considered 
Air change rate (ach) 0. 25-0.75 0.37  0.37 
Wind sensitivity (ach)   0.1(well protected) 0.1 
Schedule(Occupancy, internal gain, 
infiltration) 

   100% occupied 
during the whole 
operation hour. 

Active system of Air Conditioning plant BNBC ASHRAE Ecotect (default) considered 
Efficiency   95% 95% 
Hours of operation    Full office hour 

 

 Lighting vs. HVAC load/ luminous vs. thermal or overall energy efficiency 

In the Tropics, consideration of the area of daylight penetration, and its effect on increasing HVAC load, 

indicates the total energy efficiency. In this research, the energy efficiency of a shading device for general 

office work, can be evaluated with the help of maximum lighting/luminous efficiency, ensuring balance 

per unit consumption of HVAC load, during office hours. Considering only daylight, in absence of glare 

controlling measures, energy balance can be evaluated by the Ratio of: 

area of acceptable light zone /HVAC load (sqm/KWh)  

[where, area of acceptable zone denotes the area of glare free comfortable or acceptable illumination level 

( ≥300-≤900lux) on the work plane] 
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The greater the magnitude of the ratio for a particular shading device, the greater is the usable daylit area, 

for a lower consumption of electricity for HVAC or cooling load, keeping all other parameters constant. 

The shading device ensuring maximum area of light zone between ≥300 to ≤900lux on the work plane, 

along with maximum ratio can be determined as the most energy efficient with respect to the consumed 

total lighting and HVAC load. 

3.2.5 Simulation model  

Models were developed for simulation, representing the finally selected shading devices from field 

survey. These models refer to the tall office buildings selected with identical facades, and a similar treated 

floor area, with the selected shading device on glass curtain walls. In this research, a room/module for 

simulation model has been considered, for ease of simulation modeling,  and time limits. The area of 

different illumination range and corresponding HVAC load with space heat gain may vary, while 

considering entire floor of any building. However, for comparative analysis, there is no impact of the 

changed values. 

3.2.5.1 Identification of general parameters of tall office buildings of Dhaka 

 The room width for simulation model is 6000mm which is taken from the typical high-rise column 

grid[9].The floor height considered is 3000mm as is typical[10] [11]. Depth of the room has been 

considered from the maximum depth of light zone for general office work, on the simulation day during 

office hours. This could not be decided from thumb rule (Section 2.6), as it is not derived for the weather 

condition of Dhaka. Considering a curtain wall façade, a fixed window/aperture of 5750mm x 2875mm 

has been considered, as the size covers the whole span between two columns up to full floor height. 

Different shading devices, as determined during the survey for the study (section 3.2.1.2) were attached 

with it for the simulation study. For ease of calculation, working plane height was considered as 760mm 

from ergonomics standards[12]. As use of light colored reflective materials with no furniture layout has 

been suggested in Section 2.6, only the following aspects were considered for the simulation: concrete 

ceiling, brick plastered wall and tiled floor (default materials of ECOTECT). The triplet 70/50/30 percent 

reflectance of ceiling, wall and floor respectively, was considered from BNBC code[13]. Glass curtain of 

Single glazed clear glass was considered(Section 2.6) for maximum visual transmittance [14] 

3.2.5.2 Identification of the maximum depth of accepted illumination level/light zone 

Parametric daylight simulation of ‘model without shading’ was done, to determine maximum depth of 

light zone, and to fix the room depth for all consequent simulation models, with the surveyed shading 

devices. The rest of the parameters were fixed from general parameters of tall office buildings of Dhaka. 

To find out the maximum depth of light zone, at first on the simulation day and time period, depths to 
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which a penetration of minimum illumination level of 300lux, for the chosen orientations were 

determined, through daylight simulation. Regardless of the three orientations, the largest value of this 

depth has been adopted as the depth of the model room. For simulation models, at the beginning in step 

1(Figure 3.11), the depth of the room was fixed as 2.5 times of aperture head height, as suggested in the 

rules of thumb (Section 2.4.1.6), and the considered depth was increased gradually in later steps, until the 

largest depth for 300lux is found. 

 Step 1: Room depth: 2875mm (aperture height) x2.5 

Parameters: 
Room dimension: 
Width: 6000mm 
Floor height:3000mm 
Material: 
ceiling: concrete, wall: brick plaster, floor: tiles, curtain 
glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 

Figure 3.11: Simulation model of room depth (aperture height) x 2.5 

For the purpose of simulation, the entire room or office space was divided into grids. Thus, 81 points in 

the open office space were identified, for recording the daylight level on the working plane. Each 

intersection point of the grid is coded according to the number/letter code shown in Figure 3.12. 

Figure 3.12: plan showing the codes of the nodes for simulation model of room depth (aperture height) x 2.5 
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Daylight simulation was done by ECOTECT, exporting the model to Radiance(Figure 3.13a), using 

‘sunny with sun’ sky type of Radiance, for the chosen date and time period .After that, the model was 

imported again to ECOTECT, to predict the illumination levels of the grid points as shown in Figure 

3.13b.  

 

Figure 3.13: (a) 3D view in Radiance for east orientation at 9.00a.m. (b) View of imported model in Ecotect 

The illumination values were then exported to Microsoft Excel (Version 2007) to plot them in individual 

charts(Figure 3.14), for each hour of office(Appendix A3). This converted chart helps to find out the 

maximum depth of accepted illumination level(300Lux). 

 

Figure 3.14: simulation result plotted in chart for room depth (aperture height) x 2.5 

The charts from Microsoft Excel can be seen in Figure 3.14 (Appendix A4) for simulation model of room 

depth (aperture height) x 2.5. In Figure 3.14 dark colour denotes illumination level ≥300lux. From the 
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charts it can be found that for all three orientations illumination level is higher than 300lux in the model 

of step 1 during most of the office hours. Therefore, models with greater depth were simulated to 

determine maximum depth of light zone. 

 Step 2: Room depth: 2875mm (aperture height) x2.5x2 

In step 2, the process of step 1 is repeated, using similar simulation model, but with twice the depth. The 

codes of intersection points of the new grid is shown in Figure 3.15, and is represented by the chart in 

Figure 3.16 from Appendix A4.  

Figure 3.15: plan showing the codes of the nodes for simulation model of room depth (aperture height) x 2.5x2 

Figure 3.16: simulation result plotted in chart for room depth (aperture height) x 2.5x2 
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In this simulation,(Fig.3.16)(Appendix A4) maximum depthof light zone(300lux) is achieved at 5 times 

the aperture head height. Therefore, the depth of the simulation model of step 2, was adopted for 

evaluating the efficiency of shading devices, the aperture head height(2875mm (aperture height) 

x2.5x2=13750mm) in this work. 

3.2.5.3 Formation of 3D Simulation model with surveyed shading devices 

After identifying the maximum depth of light zone, both simulations were carried out for the following 

ten models (Figures 3.17a-3.17j).In these models all the parameters, from 3.1.5.1 and 3.1.5.2 are kept 

common, except the shading devices. The physical (geometry, material and dimension) characteristics of 

shading devices are considered as found in the selected buildings of the field survey. 

 

 
Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:750mm,thickness:125mm 
Material: White paint on concrete 

Figure 3.17(a):Simulation model of H01, concrete cornice 

 

Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:750mm, Boundary depth:625mm, 
thickness:250mm,louver:100mmx25mm, 
spacing:100mm,thickness:1.8mm 
Material: White paint on concrete boundary and  
grey silver polyester powder coated aluminum 
louvers 

Figure 3.17(b):Simulation model of H02, Aluminum louvered cornice with concrete boundary 

 

Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:700mm,thickness:125mm, offset 
from overhang:50mm ,overhang depth:1000mm, 
louver:100mmx25mm,spacing:100mm, 
thickness:1.8mm 
Material: White paint on concrete cornice and 
grey silver polyester powder coated aluminum 
louvers 

Figure 3.17(c):Simulation model of H03, Horizontal Aluminum louvered overhang 
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Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:700mm,thickness:125mm, offset 
from screen:50mm, 
louver:100mmx25mm,spacing:100mm, 
thickness:1.8mm ,  
Material: White paint on concrete cornice and 
grey silver polyester powder coated aluminum 
louvers 

Figure 3.17(d):Simulation model of H04, Horizontal Aluminum louvered  screen 

 

Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:700mm,thickness:125mm, offset 
from screen:50mm 
louver:100mmx25mm,spacing:100mm,angle:45˚
,thickness:1.8mm,Material: White paint on 
concrete cornice and grey silver polyester 
powder coated aluminum louvers 

Figure 3.17(e):Simulation model of H05, Horizontal angled Aluminum louvered  screen 

 

Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:750mm,thickness:125mm 
louver depth:500mm, thickness:75mm 
offset from glass:50mm,spacing:875mm 
Material: White paint on concrete 

Figure 3.17(f):Simulation model of H06, Horizontal Concrete louvers 

 

Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:700mm,thickness:125mm, offset 
from screen:50mm 
louver:100mmx25mm,spacing:100mm, 
thickness:1.8mm,Material: White paint on 
concrete cornice and grey silver polyester 
powder coated aluminum louvers 

Figure 3.17(g):Simulation model of V01, Vertical Aluminum louvered   screen 
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Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:700mm,thickness:125mm, offset 
from screen:50mm 
louver:100mmx25mm,spacing:345mm(horizonta
l),1965mm(vertical), thickness:1.8mm 
Material: White paint on concrete cornice and 
grey silver polyester powder coated aluminum 
louvers 

Figure 3.17(h):Simulation model of C01, Eggcrate Aluminum louvered screen 

 

Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:700mm,thickness:125mm, offset 
from screen:50mm 
louver:100mmx25mm,spacing:100mm, 
alignment:45(̊anti clock wise), thickness:1.8mm 
Material: White paint on concrete cornice and 
grey silver polyester powder coated aluminum 
louvers 

Figure 3.17(i):Simulation model of C02, Diagonal (anti-clock wise) Aluminum louvered   screen 

 

Room dimension:6000mmx13750mm 
Floor height:3000mm 
Material: ceiling: concrete, wall: brick plaster, 
floor: tiles, curtain glass: single glazed clear 
Aperture :Width:5750mm,height:2875mm 
Shading device : 
cornice depth:700mm,thickness:125mm, offset 
from screen:50mm 
louver:100mmx25mm,spacing:100mm, 
alignment:45(̊clock wise), thickness:1.8mm 
Material: White paint on concrete cornice and 
grey silver polyester powder coated aluminum 
louvers 

Figure 3.17(j):Simulation model of C03, Diagonal (clock wise) Aluminum  louvered screen 
 

3.2.6 Simulation process 

The simulation of the generated 3D models were of two types: Daylight simulation and Thermal 

simulation of HVAC load for space heat gain/loss. Some calculations were also carried out, to measure 

the overall energy balance of luminous vs. thermal efficiency. 

 

 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka                Chapter: Three 
  

78 
 

 Daylight simulation 

The same process and grid coding of Section 3.2.5.2, step2 is followed for daylight simulation. To 

convert the simulation results into efficiency assessment measures( Section 3.2.4), the following data of 

Table 3.5 are identified from Appendix A4, using Microsoft Excel tools, for each of the tested shading 

devices, for the different orientations. The averages of the data are also identified with daylight 

distribution pattern.  

Table 3.5 data derived from simulation results of illumination level in Microsoft Excel work sheet, tested for each 

shading device 

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of accepted zone (≥300 
to ≤900 lux)           

sqm 

maximum depth of light 
zone(up to 300lux)           

m 

area of glare zone (>900lux) sqm 

area of dark zone(<300lux) sqm 

 
 

 Thermal simulation of hourly Space heat gain/ loss for HVAC load 

Simulations of thermal analysis for these same models, were run by ECOTECT, with Zone settings 

parameters of thermal comfort (Section 3.2.4). The results were then converted into efficiency assessment 

measures (Section 3.2.4), in Microsoft Excel work sheet, as given in Table 3.6, and the averages were 

calculated for each shading devices in the different orientations.  

Table 3.6 data derived from simulation results of Thermal analysis plotted in Microsoft Excel work sheet, tested for 

each shading device 

Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

HVAC(Wh) 

Solar(Wh) 

Fabric(Wh) 

Vent.(Wh) 

Intern.(Wh) 

Zonal(Wh) 
 

 Identification of Ratio for overall Energy Balance 

From the data of Table 3.5 and 3.6, the ratio of accepted area of usable illumination level, and 

corresponding HVAC load, along with their averages, were calculated for different orientations, using 

Microsoft Excel as shown in Table 3.7.  
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Table 3.7 Calculation of Energy Efficiency Ratio (area of acceptable light zone/HVAC load) plotted in Microsoft 

Excel work sheet, tested for each shading device 

Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

Area of 
accepted zone 
(≥300 to ≤900 
lux)   sqm 

HVAC load   KWh 

ratio 
sqm/
KWh 

3.3 Conclusion 

This chapter explains the methodology of the simulation and shading device efficiency evaluation 

process. The details of the performance of shading devices with respect to luminous and thermal energy 

efficiency, individually, and the combined luminous vs. thermal efficiency, i.e. total energy efficiency, is 

presented and analyzed, from the results and findings of the simulations, in the next chapter.  
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CHAPTER: FOUR 

SIMULATION FINDINGS AND ANALYSIS 

4.1Introduction 

After simulations, the energy efficiency of shading devices can be evaluated from simulation results. 

Design criteria, to increase their efficiency can also be predicted, analyzing the results. The analysis 

comprises of two parts, luminous and thermal effects individually, and then with respect to both. Two 

studies about the energy efficiency of shading devices have been carried out in this chapter, on the basis 

of the assessment criteria (Section 3.2.4) and simulation parameters (Section 3.2.3), for model space set in 

Section 3.2.5.3(Figure 3.17(a)-(j)): 

 Shading device fixed with variable Orientations  

 Orientation fixed varying the Shading devices  

The first study investigates the impact of orientation, on each shading device, to determine its best suited 

orientation, while the second study compares the performance of all selected shading devices in different 

orientations. The studies help to identify the most energy efficient and suitable shading, for specific 

orientation. The findings of both studies also pave the way to ensure greater energy efficiency in the 

design of shading devices for tall office buildings using curtain walls. 

4.2Luminous Effects of Daylight 

This section addresses the energy efficiency of shading, based on the daylight penetration, ignoring any 

thermal implications, the latter of which is addressed in Section 4.3.The energy efficiency of shading 

devices in this study, is evaluated on the basis of the glare free usable area of light zone, ensuring 

acceptable illumination level in daylit buildings. When shading is not effective, light zone may create 

unusable area with too much light, and dark areas of too little light. Inefficient shading may also decrease 

the depth of light zone in deep plan offices. The behavioral pattern of usable acceptable light zone of 

maximum spatial depth, and extents of glare and dark zone, reflect the lighting/luminous efficiency of the 

shading device. They also help to identify the material and geometrical relations of shading device type, 

under different orientations. In this research, to rank the performance of shading devices and their 

orientations, on the basis of lighting efficiency, four criteria(Section 3.2.4) in respect to office building, 

have been considered in the following sections of 4.2.But the area of acceptable illumination level (≥300 

to ≤900 lux) in light zone has been considered as the most important criteria. With this variable, 
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Maximum depth of light zone (up to 300lux) should be the maximum. At the same time, area of dark zone 

(<300lux) and glare zone (>900lux) should constitute the minimum area. However, greater glare zone has 

been assigned low priority in this study. Therefore, if a shading device and its orientation yield better 

performance under the rest of the three criteria, compared to the others, it is remarked better. This is 

because glare area can be made usable, as already discussed in section 2.3.3. Therefore, according to the 

quantitative results of the four criteria, from the daylight simulation, shading devices are analyzed in the 

following sections. 

4.2.1 Comparative analysis of Luminous Effects on Orientations for different Shading Device 

The efficiency of shading device is largely influenced by the orientation of the aperture. The character of 

light zone also varies with time in different orientations. The shading which provides energy efficient 

comfortable luminous environment in one orientation may act ineffectively in other orientations.  

4.2.1.1Horizontal Shading Devices 

The six models with selected horizontal shading devices (Chapter 3) were simulated for lighting/luminous 

efficiency analysis in three orientations- south, east and west during critical office hours of the day. The 

daylight simulation findings and their comparison are given below, with respect to individual cases of 

horizontal shading, numbered H01 to H06 (Section 3.2.1.1): 

4.2.1.1.1 Daylight simulation findings: H01: concrete cornice (Figure 3.17a) 

Tables 4.1-4.3 show the results of daylight simulation for the three orientations of the horizontal shading 

device H01.In Table 4.1, data derived from the simulation of the daylight illumination level - of the model 

(Appendix A4) shows, daylight simulation findings for H01 in south orientation. Only an average of 24% 

(20sqm out of 83sqm) of these values is within acceptable range, on the basis of the area. Maximum depth 

of light zone reaches up to 7.4m typically, which is 2.57 times the aperture head height. The average of 

the dark zone constitutes 1.5 times the area of the glare zone.  

Table 4.1 data derived from daylight simulation results of H01 for south orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

19.78 19.30 21.71 21.71 21.71 19.30 19.78 18.33 18.33 20.00 sqm 

maximum depth of light 
zone(up to 300lux) 

7.62 7.62 8.37 8.37 8.37 7.62 7.62 6.13 4.63 7.37 m 

area of glare zone (>900lux) 25.57 28.46 29.43 30.39 29.43 28.46 25.57 20.75 12.06 25.57 sqm 

area of dark zone(<300lux) 37.15 34.74 31.36 30.39 31.36 34.74 37.15 43.42 52.11 36.93 sqm 
 

 

 

 

 

Table 4.2 shows daylight simulation findings for H01 in east orientation. An average of 45% of the area 

(37.20sqm out of 83sqm)of the model is of acceptable range, which depicts an average spatial depth of 
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12.3m or 4.27 times of the aperture head height. However, average area of glare zone is twice of the dark 

area.  

Table 4.2 data derived from daylight simulation results of H01 for east orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

36.67 35.22 33.29 39.08 31.84 38.11 45.83 38.60 36.18 37.20 sqm 

maximum depth of light 
zone(up to 300lux) 

13.60 13.60 12.85 13.60 11.36 11.36 13.60 10.61 9.86 12.27 m 

area of glare zone (>900lux) 44.87 39.08 35.22 33.77 31.36 27.02 25.57 22.68 15.44 30.56 sqm 

area of dark zone(<300lux) 0.96 8.20 13.99 9.65 19.30 17.37 11.10 21.23 30.88 14.74 sqm 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

According to Table 4.3, with H01 only 30% of the area (24.82sqm out of 83sqm) is within the acceptable 

range, when used in the west orientation. The average depth of light zone reaches up to 9.7m or 3.37 

times of the aperture head height. Corresponding average area of glare zone is 1.4 times of the dark area. 

Table 4.3 data derived from daylight simulation results of H01 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

41.01 21.71 21.23 22.68 21.71 21.23 22.19 24.12 27.50 24.82 sqm 

maximum depth of light 
zone(up to 300lux) 

12.11 6.88 7.62 7.62 8.37 9.12 9.86 12.11 13.60 9.70 m 

area of glare zone (>900lux) 27.98 20.75 23.16 25.09 29.43 33.77 38.60 45.35 55.00 33.24 sqm 

area of dark zone(<300lux) 13.51 40.04 38.11 34.74 31.36 27.50 21.71 13.03 0.00 24.44 sqm 

 

Comparison of lighting for different orientations: H01 

Comparing the above three orientations when using shading type H01, from Figures 4.1(a) and (b) it is 

found that, area of acceptable zone and maximum depth of light zone in east orientation fluctuates more, 

but remains much higher almost throughout the entire day, compared to the other two orientations. South 

orientation yields least values, but with maximum consistency, for both these variables, for most of the 

office hours.   

 

Figure: 4.1(a) area of acceptable zone during the day for H01        Figure: 4.1(b) Max.depth of light zone during the day for H01  
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Results in Figures 4.1(c) show that, use of H01 on south orientation yields the most consistent levels of 

the variables, throughout the day. But the area of acceptable zone is much lower in the south, than in the 

east or west, during most of the office hours. Also the average depth of light zone is much lower than the 

other tested orientations. However, the area of glare zone is also lower than the other orientations, when 

H01 is used on the South. Values of all the variables in South and West remain close up to midday. But in 

the afternoon, on the western orientation, the area of acceptable zone, the depth of light zone, and the area 

of glare zone, all rise sharply compared to those in the south. When comparing the results of using H01 in 

the east, with the other orientations, it is seen that though the area of acceptable zone and depth of light 

zone on eastern orientations are higher than the other orientations, these values become lower in the 

afternoon. Even the values of depth of light zone and glare zone fall lower than in the western orientation.  

In Figures 4.1(d),  like the rest of the variables, values of south remain close to the west, till mid day. But 

for west, area of dark zone sharply falls after mid day, compared to other orientations. At the end of the 

day, the highest area of dark zone of the day is with H01 on south. However, east shows the maximum 

fluctuation, with the least area of dark zone, almost throughout the office hours. 

  

Figure: 4.1(c) area. of glare zone during the day for H01          Figure: 4.1(d) area of dark zone during the day for H01 

From comparison of average results, among the three tested orientations in Figure 4.1(e), it is found that 

H01 has the highest average area of acceptable zone in east orientation. It denotes the maximum usable 

area under daylit condition.H01 also achieves maximum depth of light zone in the east, i.e. minimum 

unusable area, characterizing least area of dark zone. This ensures least dependency on supplementary 

lighting. Moreover, in the east, average area of glare zone is lower than that of the west. West orientation 

with H01, displays the second highest average area of acceptable zone and depth of light zone. H01 for 

the south has least average area of glare zone. However,  considering the rest of the three criteria, south 

represents the worst case scenario, among the three tested orientations, when H01 is used as shading 

device. From the above discussion it can be said that, H01 depicts the best lighting/luminous efficiency 

(section 4.2) in the east, yielding intermediate efficiency in the west, and performs worst in the south.  
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Figure: 4.1(e) effect of orientation on daylighting for H01 

4.2.1.1.2 Daylight simulation findings: H02: aluminum louvered cornice with concrete boundary 

(Figure 3.17b) 

Tables 4.4-4.6 show the results of daylight simulation for the three orientations, of the horizontal shading 

device H02. In Table 4.4, data derived from the simulation of the daylight illumination level of the model 

(Appendix A4) shows, daylight simulation findings for H02 in south orientation. An average of 44% 

(36.61sqm out of 83sqm) of these values is within acceptable range on the basis of the area. Maximum 

depth of light zone reaches up to an average of 10.1m, which is 3.51 times of the aperture head height. 

The average of the glare zone, occupies almost 3 times the area of the dark zone.  

Table 4.4 data derived from daylight simulation results of H02 for south orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

30.88 43.90 43.42 41.01 43.42 42.94 31.36 26.05 26.54 36.61 sqm 

maximum depth of light 
zone(up to 300lux) 

7.62 13.60 13.60 13.60 13.60 10.61 8.37 6.88 3.14 10.11 m 

area of glare zone (>900lux) 34.25 38.60 39.08 41.49 39.08 38.11 33.77 26.05 16.89 34.15 sqm 

area of dark zone(<300lux) 17.37 0.00 0.00 0.00 0.00 1.45 17.37 30.39 39.08 11.74 sqm 
 

Table 4.5 shows daylight simulation findings for H02 in east orientation. An average of 32% of the area 

(26.54sqm out of 83sqm) of the model is in the acceptable range, which depicts an average spatial depth 

of 9.4m or 3.27 times of the aperture head height. The average area of glare zone is very close, but greater 

than that of dark zone. 

Table 4.5 data derived from daylight simulation results of H02 for east orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

34.74 37.15 26.05 25.57 26.05 22.68 23.64 22.19 20.75 26.54 sqm 

maximum depth of light 
zone(up to 300lux) 

13.60 13.60 9.86 9.12 9.12 8.37 8.37 6.88 5.38 9.37 m 

area of glare zone (>900lux) 47.76 41.01 34.25 29.91 29.43 28.95 26.05 21.23 12.54 30.13 sqm 

area of dark zone(<300lux) 0.00 4.34 22.19 27.02 27.02 30.88 32.81 39.08 49.21 25.84 sqm 
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According to Table 4.6, with H02 only 30% area of the grid zone (25.14sqm out of 83sqm) is within the 

acceptable  range in the west orientation. The average depth of light zone reaches up to 11.0m or 3.83 

times of the aperture head height. Corresponding average area of glare zone is 2.5 times of the dark zone. 

Table 4.6 data derived from daylight simulation results of H02 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

23.16 24.61 24.12 25.09 25.09 35.22 34.74 26.54 7.72 25.14 sqm 

maximum depth of light 
zone(up to 300lux) 

8.37 8.37 9.12 9.12 9.86 13.60 13.60 13.60 13.60 11.03 m 

area of glare zone (>900lux) 25.57 27.50 29.43 30.39 34.25 41.01 47.76 55.96 74.78 40.74 sqm 

area of dark zone(<300lux) 33.77 30.39 28.95 27.02 23.16 6.27 0.00 0.00 0.00 16.62 sqm 
 

Comparison of lighting for different orientations: H02 

Comparing the above three orientations when using shading type H02, from Figure 4.2(a) it is found that, 

area of acceptable zone in south orientation, remains much higher with maximum consistency for most of 

the office hours, compared to the other tested orientations. In Figure 4.2(b), maximum depth of light zone, 

in the east, south and west occupies the highest and constant equivalent values at early, mid and last hours 

accordingly. East orientation yields least values for both these variables in the afternoon. . 

 

Figure: 4.2(a) area of acceptable zone during the day for H02       Figure: 4.2(b) Max. depth of light zone during the day for H02 

Results in Figures 4.2(c) show that, use of H02 on south orientation yields the most consistent levels of 

the variables, throughout the day. Moreover, the area of acceptable zone and average depth of light zone 

remain higher for most of the office hours in the south, than in the east or west. But the area of glare zone 

is also higher than the other orientations, for most of the office hours, when H02 is used on the South. 

Values of all these variables remain much higher in the south, up to mid day. At mid day, east and west 

orientations yield very close values. But in the afternoon, on the western orientation, the area of 

acceptable light zone, the depth of light zone, and the area of glare zone, all rise sharply compared to 

those in the east or south. When comparing the results of using H02 in east, with the other orientations, it 
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is seen that though values on eastern orientations become lower than the other orientations in the 

afternoon, these values remain higher at the beginning of the day.  

In Figures 4.1(d), like all other variables, values of dark zone on the east and west orientations remain 

close at mid day. At this time, south orientation, yields the least dark zone value considerably before and 

after noon. During rest of the day, performance in south orientation occupies the intermediate value, of 

the east and west orientation. Though at early hours, area of dark zone on eastern orientation are lower, it 

sharply rises, compared to those in other orientations, as the day progresses. In the afternoon, the highest 

area of dark zone of the day with H02, is on the east. 

 

Figure: 4.2(c) area of glare zone during the day for H02          Figure: 4.2(d) area of dark zone during the day for H02 

From comparison of average results among the three tested orientations in Figure 4.2(e), it is found that 

H02 has the highest average area of acceptable light zone, i.e. maximum usable area and least area of dark 

or artificial light zone in south orientation. In the south, it occupies lower average area of glare zone, and 

depth of light zone than that of the west. .However, in the west H02 displays the least average area of 

acceptable light zone, which is very close to that of the east. It also occupies the highest average area of 

glare zone, in the west. But considering the rest of the criteria, it is preferable to select west before east. 

From the above discussion it can be said that, on the basis of lighting/luminous efficiency (section 4.2), 

H02 shows the best performance in the south, yielding intermediate efficiency in the west, and worst in 

the east.  

 

Figure: 4.2(e) effect of orientation on daylighting for H02 
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4.2.1.1.3 Daylight simulation findings: H03: horizontal aluminum louvered overhang (Figure 3.17c) 

Tables 4.7-4.9 show the results of daylight simulation for the three orientations of the horizontal shading 

device H03.In Table 4.7, data derived from the simulation of the daylight illumination level of the model 

(Appendix A4) shows, daylight simulation findings for H03 in south orientation. Only an average of 24% 

(19.89sqm out of 83sqm) of these values is within acceptable range on the basis of the area. Maximum 

depth of light zone reaches up to 7.0m typically, which is 2.43 times of the aperture head height. The 

average of the dark zone constitutes 1.65 times the area of the glare zone.  

Table 4.7 data derived from daylight simulation results of H03 for south orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

19.78 21.23 19.78 20.75 20.26 20.75 19.30 18.82 18.33 19.89 sqm 

maximum depth of light 
zone(up to 300lux) 

6.88 7.62 7.62 8.37 7.62 7.62 6.88 6.13 4.63 7.04 m 

area of glare zone (>900lux) 23.64 25.57 27.98 28.46 27.50 25.57 23.64 19.78 11.10 23.69 sqm 

area of dark zone(<300lux) 39.08 35.70 34.74 33.29 34.74 36.18 39.56 43.90 53.07 38.92 sqm 
 

Table 4.8 shows daylight simulation findings for H03 in east orientation. An average of 24% of the area 

(19.83sqm out of 83sqm) of the model is of the acceptable range, which depicts an average spatial depth 

of 6.5m or 2.26 times of the aperture head height. However, average area of dark zone is 2.24 times of the 

glare zone. 

Table 4.8 data derived from daylight simulation results of H03 for east orientation 

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

18.82 18.82 19.78 20.75 18.33 21.71 20.26 19.78 20.26 19.83 sqm 

maximum depth of light 
zone(up to 300lux) 

8.37 7.62 7.62 6.88 6.13 6.13 6.13 5.38 3.89 6.46 m 

area of glare zone (>900lux) 32.81 28.95 25.57 21.71 20.75 16.40 15.44 12.06 3.38 19.67 sqm 

area of dark zone(<300lux) 30.88 34.74 37.15 40.04 43.42 44.39 46.80 50.66 58.86 42.99 sqm 
 

According to Table 4.9, with H03 only 27% of  the area (22.51sqm out of 83sqm) is within the acceptable 

range, in the west orientation. The average depth of light zone reaches up to 8.6m, or about 3 times of the 

aperture head height. The average area of glare zone is almost equivalent to that of dark zone.  

Table 4.9 data derived from daylight simulation results of H03 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

22.68 21.71 21.71 21.23 20.26 21.23 22.19 21.71 29.91 22.51 sqm 

maximum depth of light 
zone(up to 300lux) 

6.13 6.88 6.88 7.62 8.37 8.37 9.12 10.61 13.60 8.62 m 

area of glare zone (>900lux) 16.40 20.26 21.71 25.09 28.46 30.39 34.25 41.01 50.66 29.81 sqm 

area of dark zone(<300lux) 43.42 40.53 39.08 36.18 33.77 30.88 26.05 19.78 1.93 30.18 sqm 
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Comparison of lighting for different orientations: H03 

Comparing the above three orientations when using shading type H03, from Figure 4.3(a) it is found that, 

area of acceptable light zone yields negligible fluctuation with indistinguishable values among tested 

orientations, throughout the entire day. In Figure 4.3(b), east orientation shows least values of maximum 

depth of light zone for most of the office hours; while the highest value is with the west.  

 

 Figure: 4.3(a) area. of acceptable zone during the day for H03      Figure: 4.3(b) Max. depth of light zone during the day for 

H03 

Results in Figures 4.3(b), (c) and (d) show that, use of H03 on south orientation yields the most consistent 

levels of the variables, throughout the day. But the area of acceptable light zone does not reflect any 

noticeable difference in the south, compared to the east or west. Also the average depth of light zone is 

lower, and   area of dark zone is higher in the south, than in the west orientation, during most of the office 

hours. At the same time, east orientation yields a lower value for depth of light zone, and a higher value 

for dark zone, than for south orientation. Also the area of glare zone is higher, than on the other 

orientations, for most of the office hours, when H03 is used on the south. Values of the depth of light 

zone, the glare and dark zone in all tested orientations remain close, up to mid day. On the south and east 

orientation, this trend continues up to the end of the day. However, in the afternoon, on the western 

orientation, the area of acceptable light zone, the depth of light zone, and the area of glare zone, all rise 

sharply, compared to those in the south or east. When comparing the results of using H03 in east, with the 

other orientations, it is seen that, though the depth of light zone, and area of glare zone, on eastern 

orientations are both higher than the other orientations at the beginning of the day, these values become 

lower, as the day progresses.  

In Figure 4.3(d), like depth of light zone and glare zone, the area of dark zone on western orientation at 

early hours, remains close to the afternoon values of the east. But values of dark zone on the western 

orientation sharply falls, compared to those in other orientations, after mid day. At the end of the day, the 
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least area of dark zone of the day, is with H03 on the west. However, East yields the highest area of dark 

zone, almost throughout the office hours. 

 

Figure: 4.3(c) area of glare zone during the day for H03          Figure: 4.3(d) area of dark zone during the day for H03 

From comparison of average results among the three tested orientations in Figure 4.3(e), it is found that 

H03 has the highest average area of glare zone in west orientation. However, it occupies the highest 

average area of acceptable light zone, i.e. maximum usable area, and maximum depth of light zone. It also 

characterizes least area of dark or artificial light zone in the west. In the rest of the tested orientations, 

H03 denotes equal average area of acceptable light zone. In South orientation, it occupies greater area of 

glare zone, than in the east. Under the remaining two criteria, H03 performs better in south orientation, 

compared to the east. From the above discussion it can be said that, on the basis of lighting/luminous 

efficiency (section 4.2), H03 displays its best performance in the west, under most of the tested criteria. It 

yields intermediate level of lighting efficiency in the south and worst in the east.  

 

Figure: 4.3(e) effect of orientation on daylighting for H03 

 

4.2.1.1.4 Daylight simulation findings: H04: horizontal aluminum louvered screen (Figure 3.17d) 

Tables 4.10-4.12 show the results of daylight simulation for the three orientations, of the horizontal 

shading device H04.In Table 4.10, data derived from the simulation of the daylight illumination level of 

the model (Appendix A4) shows, daylight simulation findings for H04 in south orientation. Only an 
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average of 24% (19.73sqm out of 83sqm) of these values is within acceptable range, on the basis of the 

area. Maximum depth of light zone reaches up to 6.1m typically, which is 2.12 times of the aperture head 

height. The average of the dark zone constitutes 2.4 times the area of the glare zone.  

Table 4.10 data derived from daylight simulation results of H04 for south orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

19.78 18.33 21.23 20.75 20.75 18.82 19.78 18.82 19.30 19.73 sqm 

maximum depth of light 
zone(up to 300lux) 

6.13 6.13 6.88 6.88 6.88 6.13 6.13 5.38 4.63 6.13 m 

area of glare zone (>900lux) 18.82 20.75 20.75 21.23 20.75 20.26 18.82 15.92 8.20 18.39 sqm 

area of dark zone(<300lux) 43.90 43.42 40.53 40.53 41.01 43.42 43.90 47.76 55.00 44.39 sqm 

 

According to Table 4.11, with H04 only 23% of the area (19.35sqm out of 83sqm) is within the 

acceptable light range, when used in the east orientation. The average depth of light zone reaches up to 

5.2m, or 1.8 times of the aperture head height. The corresponding average area of dark zone comprises 

3.85 times that of glare zone, within unusable area.  

Table 4.11 data derived from daylight simulation results of H04 for east orientation 

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

18.82 18.33 18.33 18.82 21.23 19.78 20.75 21.71 16.40 19.35 sqm 

maximum depth of light 
zone(up to 300lux) 

7.62 6.88 6.13 5.38 5.38 4.63 4.63 3.89 2.39 5.21 m 

area of glare zone (>900lux) 28.46 23.64 19.30 15.44 12.06 10.13 7.24 1.93 0.00 13.13 sqm 

area of dark zone(<300lux) 35.22 40.53 44.87 48.25 49.21 52.59 54.52 58.86 66.10 50.01 sqm 

 

Table 4.12 shows daylight simulation findings for H04 in west orientation. An average of 26% of the area 

(21.39sqm out of 83sqm) of the model is with acceptable light range, which depicts an average spatial 

depth of 7.3m, or 2.54 times of the aperture head height. Average area of dark zone is 3.85 times of the 

glare zone. 

Table 4.12 data derived from daylight simulation results of H04 for west orientation 

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

20.75 22.19 19.78 21.71 21.71 20.75 19.78 21.23 24.61 21.39 sqm 

maximum depth of light 
zone(up to 300lux) 

4.63 5.38 6.13 6.13 6.88 7.62 8.37 9.12 11.36 7.29 m 

area of glare zone (>900lux) 9.65 12.06 15.44 17.37 21.23 26.05 31.36 34.25 42.94 23.37 sqm 

area of dark zone(<300lux) 52.11 48.25 47.28 43.42 39.56 35.70 31.36 27.02 14.96 37.74 sqm 
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Comparison of lighting for different orientations: H04 

Comparing the above three orientations when using shading type H04, from Figure 4.4(a) it is found that, 

area of acceptable zone yields negligible fluctuation, with very similar values, among the tested 

orientations, throughout the entire day. In Figure 4.4(b), east orientation shows least values of maximum 

depth of light zone, for most of the office hours. The highest value of this variable is with west 

orientation, occupying half of the entire day.  

 

Figure: 4.4(a) area of acceptable zone during the day for H04      Figure: 4.4(b) Max. depth of light zone during the day for H04 

Results in Figure 4.4(b), (c) and (d) show that, use of H04 on south orientation yields the most consistent 

levels of the variables, throughout the day. The area of acceptable zone does not reflect any noticeable 

difference in the south, compared to the east or west. But the average depth of light zone, and the area of 

glare zone, is higher in the south, than in the east orientation, during most of the office hours. The values 

of these variables remain lower in the south, than in the west, occupying half of the entire day. The area 

of dark zone is also lower, than the east, almost throughout the day, when H04 is used on the south. 

However, dark zone also yields higher values in the south, than in the west, occupying half of the day. 

Values of the depth of light zone, the glare and dark zone in all tested orientations, remain close, up to 

mid day. For south and east, this trend continues up to the end. But in the afternoon, on the western 

orientation, the area of acceptable light zone, the depth of light zone, and the area of glare zone, all rise 

sharply compared to those in the south or east. When comparing the results of using H04 in east, with the 

other orientations, it is seen that though the depth of light zone and area of glare zone on eastern 

orientations are higher, than the other orientations at the beginning, these values become lower, as the day 

progresses.  

In Figure 4.4(d), like depth of light zone and glare zone, the area of dark zone on western orientation at 

early hours, remain close to the afternoon values of the east. But the area of dark zone on the west, falls 

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0

ar
ea

 o
f 

ac
ce

p
te

d
 z

on
e 

(s
q

m
)

Time (hrs.)

South East West

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0

m
ax

im
u

m
 d

ep
th

 o
f 

li
gh

t 
zo

n
e 

(m
)

Time (hrs.)

South East West



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka                 Chapter: Four 
  
 

93 
 

sharply in the afternoon. At the end of the day, west shows the least area of dark zone. The highest area of 

dark zone is with H04 on east, almost throughout the office hours. 

 

Figure: 4.4(c) area of glare zone during the day for H04          Figure: 4.4(d) area of dark zone during the day for H04 

 From comparison of average results among the three tested orientations in Figure 4.4(e),it is found that 

H04 has the highest  average area of glare zone in west orientation. However, it yields the highest average 

area of acceptable light zone, denoting maximum usable area. It also has the maximum depth of light 

zone, with least dark or artificial light zone. Therefore, H04 for west orientation ranks the best for lighting 

efficiency (section 4.2), according to most of the tested criteria. . In the south orientation, H04 also 

performs better than the east, under three of the tested criteria, except average area of glare zone. So it can 

be said that, H04 yields intermediate level of luminous efficiency in the south, and worst in the east.  

 

Figure: 4.4(e) effect of orientation on daylighting for H04    

                                                                             

4.2.1.1.5 Daylight simulation findings: H05: horizontal angled aluminum louvered screen (Figure 

3.17e) 

Tables 4.13-4.15, show the results of daylight simulation, for the three orientations of the horizontal 

shading device H05.In Table 4.13, data derived from the simulation, of the daylight illumination level of 

the model (Appendix A4) shows, daylight simulation findings for H05, in south orientation. Only an 

average of 22% (18.01sqm out of 83sqm) of these values, is within acceptable range, on the basis of the 

area. Maximum depth of light zone, reaches up to 4.5m typically, which is 1.57 times the aperture head 

height. The average of the dark zone, constitutes 5 times the area of the glare zone.  
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Table 4.13 data derived from daylight simulation results of H05 for south orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

18.33 16.89 17.85 18.33 18.33 18.33 18.33 17.37 18.33 18.01 sqm 

maximum depth of light 
zone(up to 300lux) 

4.63 4.63 4.63 4.63 4.63 4.63 4.63 4.63 3.14 4.47 m 

area of glare zone (>900lux) 11.10 13.03 12.54 12.06 12.06 12.06 11.10 11.10 2.41 10.83 sqm 

area of dark zone(<300lux) 53.07 52.59 52.11 52.11 52.11 52.11 53.07 54.04 61.75 53.66 sqm 
 

Table 4.14 shows daylight simulation findings, for H05 in east orientation. An average of 19% of the area 

(15.71sqm out of 83sqm) of the model, has acceptable lighting, which depicts an average spatial depth of 

3.6m or 1.25 times of the aperture head height. Average area of dark zone is 8.6 times of the glare zone. 

Table 4.14 data derived from daylight simulation results of H05 for east orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

20.26 16.89 15.44 14.47 17.37 15.92 18.33 15.44 7.24 15.71 sqm 

maximum depth of light 
zone(up to 300lux) 

6.13 4.63 4.63 3.89 3.89 3.14 3.14 2.39 0.90 3.64 m 

area of glare zone (>900lux) 16.89 12.06 11.10 10.61 7.72 4.82 0.96 0.00 0.00 7.13 sqm 

area of dark zone(<300lux) 45.35 53.55 55.96 57.41 57.41 61.75 63.20 67.06 75.26 59.66 sqm 
 

According to Table 4.15, with H05 only 22% of the area (18.23sqm out of 83sqm)  is within the 

acceptable range, when used in the west orientation. The average depth of light zone, reaches up to 5.0m, 

or 1.74 times of the aperture head height. Corresponding average area of dark zone is 4.32 times of the 

glare zone.  

Table 4.15 data derived from daylight simulation results of H05 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

19.78 17.37 17.37 17.37 17.85 17.85 18.82 19.78 17.85 18.23 sqm 

maximum depth of light 
zone(up to 300lux) 

3.89 3.89 4.63 4.63 5.38 5.38 6.13 6.13 5.38 5.05 m 

area of glare zone (>900lux) 3.38 7.72 11.10 12.06 13.03 15.44 16.40 16.40 13.99 12.17 sqm 

area of dark zone(<300lux) 59.34 57.41 54.04 53.07 51.62 49.21 47.28 46.32 50.66 52.11 sqm 
 

Comparison of lighting for different orientations: H05 

Comparing the above three orientations when using shading type H05, from Figure 4.5(a), it is found that, 

area of acceptable light zone yields negligible fluctuation, and close values among tested orientations, 

throughout the entire day. However, in east orientation, it fluctuates more, with lowest values, compared 

to the other orientations. In Figure 4.5(b), east orientation shows least values of maximum depth of light 

zone, almost throughout the day; while the highest value is with the west. 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka                 Chapter: Four 
  
 

95 
 

  

Figure: 4.5(a) area of acceptable zone during the day for H05         Figure: 4.5(b) Max.depth of light zone during the day for 

H05 

Results in Figures 4.5(a), (b), (c) and (d) show that, use of H05 on south orientation, yields almost 

constant value, throughout the day. South orientation also seems to have very close, and higher values, of 

acceptable light zone, than the other orientations. But the average depth of light zone, is lower in the 

south, than in the west orientation, for most of the office hours. However, the area of glare zone, is also a 

little lower than the west, for half of the day, when H05 is used on the South. But for depth of light zone 

and glare zone, south orientation yields higher values, than the east orientation, almost throughout the 

entire day. The area of dark zone on east orientation also remains higher, than the east or west orientation, 

almost throughout the day. South orientation yields higher area of dark zone than the west, for half of the 

day.  

 

Figure: 4.5(c) area of glare zone during the day for H05          Figure: 4.5(d) area of dark zone during the day for H05       

Though the depth of light zone, and the area of glare zone, on eastern orientations, become lower as the 

day progresses, these values are higher than the other orientations, at the beginning of the day. At early 

hours, values of these variables on western orientation, remain lower than the rest of the tested 

orientations. While for dark zone, west shows higher value, and east yields lower value. But values of the 
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depth of light zone, the glare and dark zone, in all tested orientations remain close, up to mid day. 

However, in the afternoon, on the western orientation, the area of acceptable light zone, the depth of light 

zone, and the area of glare zone, all rise sharply, compared to those in the south or east. But area of dark 

zone on the western orientation, falls sharply. In Figure 4.5(d), east yields the highest area of dark zone, 

almost throughout the entire office hours. However, at the end of the day, the least area of dark zone of the 

day with H05, is on the west. 

From comparison of average results, among the three tested orientations in Figure 4.5(e), it is found that 

H05 has the highest  average area of glare zone, in the west. However, the west also has the highest 

average area of acceptable light zone, i.e. maximum usable area, and maximum depth of light zone, with 

least dark or artificial light zone. Therefore, H05 for west orientation, ranks the best for lighting 

efficiency (section 4.2), according to most of the tested criteria. Under these later three criteria, H05 in 

east orientation displays the worst case scenario. Though, among the tested orientations, it occupies the 

least glare zone in the east. From the above discussion it can be said that, H05 yields intermediate level of 

lighting efficiency in the south and worst in the east. 

 

Figure: 4.5(e) effect of orientation on daylighting for H05 

4.2.1.1.6 Daylight simulation findings: H06: horizontal concrete louvers (Figure 3.17f) 

Tables 4.16-4.18 show the results of daylight simulation, for the three orientations, of the horizontal 

shading device H06.In Table 4.16, data (Appendix A4) shows, daylight simulation findings for H06 in 

south orientation. Only an average of 23% (19.35sqm out of 83sqm) of the area has illumination within 

acceptable range. Maximum depth of light zone reaches up to 6.3m typically, which is 2.19 times of the 

aperture head height. The average of the dark zone constitutes approximately double area of the glare 

zone.  

Table 4.16 data derived from daylight simulation results of H06 for south orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

18.82 20.75 18.82 20.26 18.82 20.75 18.33 18.33 19.30 19.35 sqm 

maximum depth of light 
zone(up to 300lux) 

6.13 6.88 6.88 7.62 6.88 6.88 6.13 5.38 3.89 6.29 m 

area of glare zone (>900lux) 20.26 22.19 24.61 25.09 24.61 22.19 20.26 15.92 6.75 20.21 sqm 

area of dark zone(<300lux) 43.42 39.56 39.08 37.15 39.08 39.56 43.90 48.25 56.45 42.94 sqm 
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Table 4.17 shows daylight simulation findings for H06 in east orientation. An average of 27% of the area 

(22.41sqm out of 83sqm) of the model has lighting in the acceptable range, which depicts an average 

spatial depth of 6.7m or 2.33 times, of the aperture head height. The average of the dark zone, constitutes 

2.2 times the area of the glare zone. 

Table 4.17 data derived from daylight simulation results of H06 for east orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

21.71 20.75 21.23 22.68 21.71 22.19 23.64 23.64 24.12 22.41 sqm 

maximum depth of light 
zone(up to 300lux) 

9.12 8.37 7.62 6.88 6.88 6.13 6.13 5.38 3.89 6.71 m 

area of glare zone (>900lux) 34.25 30.39 26.05 20.75 18.82 16.40 12.54 8.20 0.00 18.60 sqm 

area of dark zone(<300lux) 26.54 31.36 35.22 39.08 41.97 43.90 46.32 50.66 58.38 41.49 sqm 
 

According to data in Table 4.18, only 27% of the area (22.62sqm out of 83sqm) has light within the 

acceptable range, when H06 is used in the west orientation. The average depth of light zone reaches up to 

8.4m, or 2.92 times of the aperture head height. The corresponding average area of dark zone is greater, 

but close to the glare zone.  

Table 4.18 data derived from daylight simulation results of H06 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

22.19 22.68 21.71 22.68 20.26 21.23 21.71 20.26 30.88 22.62 sqm 

maximum depth of light 
zone(up to 300lux) 

6.13 6.13 6.88 6.88 7.62 8.37 9.12 10.61 13.60 8.37 m 

area of glare zone (>900lux) 13.99 16.40 19.30 20.75 27.50 30.39 34.25 41.49 51.14 28.36 sqm 

area of dark zone(<300lux) 46.32 43.42 41.49 39.08 34.74 30.88 26.54 20.75 0.48 31.52 sqm 
 

Comparison of lighting for different orientations: H06 

Comparing the above three orientations when using shading type H06, from Figures 4.6(a) and (b), it is 

found that, area of acceptable lighting zone yields negligible fluctuation, with very close values, among 

tested orientations, throughout the entire day; While south orientation occupies least values for both 

acceptable light zone, and depth of light zone. Maximum depth of light zone in west orientation remains 

much higher, for most of the office hours, compared to the other two orientations. 

Results in Figures 4.6(b), (c) and (d) show that, use of H06 on south orientation, yields the most 

consistent levels of the variables, throughout the day. But the area of acceptable light zone, is lower in the 

south, than in the east or west. Also the average depth of light zone is almost equivalent to lower values of 

the other tested orientations. The area of dark zone is also very close to the higher values of the east or 

west. However, the area of glare zone is lower than the west, but higher than the east orientation for most 

of the office hours, when H06 is used on the south. But the values of glare zone are close, to the lower 
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values of the other orientations, throughout the day. Values of the depth of light zone, the glare and dark 

zone of south and west orientation remain close, from the beginning. East orientation also displays a 

similar trend at mid day. This similarity continues up to the end of the day on the south and east 

orientation. But, in the afternoon, on the western orientation, the values of acceptable light zone, the depth 

of light zone, and the glare zone, all rise sharply, compared to those in the south or east. When comparing 

the results of using H06 in east, with the other orientations, it is seen that though the depth of light zone 

and glare zone on eastern orientations are higher than the other orientations, at the beginning of the day, 

these values become lower in the afternoon, compared to the other orientations.  

 

Figure: 4.6(a) area of acceptable zone during the day for H06      Figure: 4.6(b) Max.depth of light zone during the day for H06 

In Figure 4.6(d), like depth of light zone and glare zone, the area of dark zone on western orientation at 

early hours, remain close to the afternoon values of the east. But at the end of the day, the least area of 

dark zone of the day, is with H06 on the west, which falls sharply. However, for most of the office hours, 

east shows the highest area of dark zone after mid day.  

 

Figure: 4.6(c) area of glare zone during the day for H06          Figure: 4.6(d) area of dark zone during the day for H06 
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From the comparison of average results, among the three tested orientations in Figure 4.6(e), it is found 

that despite of the highest average area of glare zone, H06 for west shows the best performance, under the 

rest of the criteria. It occupies the highest usable area of acceptable light zone and depth of light zone, 

characterizing least area of dark or artificial light zone, in the west. Under these three criteria, H06 for 

south orientation shows the worst case scenario, among the tested orientations. Moreover, compared to 

the east orientation, H06 occupies higher average area of glare zone in the south. From the above 

discussion it can be said that, H06 depicts the best lighting/luminous efficiency (section 4.2) in the west, 

yielding intermediate efficiency in the east, and performs worst in the south. 

 

Figure: 4.6(e) effect of orientation on daylighting for H06 

4.2.1.2Vertical Shading Devices 

Only one model of vertical shading devices(Chapter 3), numbered V01 (Section 3.2.1.1), was simulated 

for lighting efficiency analysis in three orientations- south, east and west, during the critical office hours 

of the day. The daylight simulation findings and its comparison among different orientations are 

discussed below: 

4.2.1.2.1Daylight simulation findings: V01: Vertical Aluminum louvered   screen (Figure 3.17g) 

Tables 4.19-4.21, show the results of daylight simulation, for the three orientations of the vertical shading 

device V01.In Table 4.19, data derived from the simulation of the daylight illumination level, of the 

model (Appendix A4) shows, daylight simulation findings for V01 in south orientation.  Only an average 

of 24% (19.89sqm out of 83sqm) of these values is within acceptable range, on the basis of area. 

Maximum depth of light zone reaches up to an average of 6.2m, which is 2.16 times of the aperture head 

height. The dark zone constitutes almost, 2.5 times the area of the glare zone. 

Table 4.19 data derived from daylight simulation results of V01 for south orientation 

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

20.26 19.78 20.75 19.78 21.23 18.82 20.75 19.30 18.33 19.89 sqm 

maximum depth of light 
zone(up to 300lux) 

6.13 6.88 6.88 7.62 6.88 6.13 6.13 5.38 3.89 6.21 m 

area of glare zone (>900lux) 17.85 19.78 22.19 25.09 21.71 20.26 16.89 14.47 6.75 18.33 sqm 

area of dark zone(<300lux) 44.39 42.94 39.56 37.63 39.56 43.42 44.87 48.73 57.41 44.28 sqm 
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Table 4.20, shows daylight simulation findings for V01 in east orientation. An average of 23% of the area 

(18.82sqm out of 83sqm) of the model, has lighting within acceptable range, which depicts an average 

spatial depth of 5.4m, or 1.88 times, the aperture head height. The average area of dark zone is 3.55 times 

that of the dark zone. 

Table 4.20 data derived from daylight simulation results of V01 for east orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

20.26 17.85 18.82 18.33 19.78 19.30 19.30 20.26 15.44 18.82 sqm 

maximum depth of light 
zone(up to 300lux) 

8.37 6.88 6.88 5.38 5.38 4.63 4.63 3.89 2.39 5.38 m 

area of glare zone (>900lux) 29.43 25.09 21.23 15.44 13.03 10.13 6.75 3.38 0.00 13.83 sqm 

area of dark zone(<300lux) 32.81 39.56 42.46 48.73 49.69 53.07 56.45 58.86 67.06 49.85 sqm 
 

According to Table 4.21, with V01, only 25% of the area (20.75sqm out of 83sqm), is within the 

acceptable lighting range, when used in the west orientation. The average depth of light zone, reaches up 

to 7.7m or 2.68 times of the aperture head height. The corresponding average area of dark zone is 1.4 

times the glare zone. 

Table 4.21 data derived from daylight simulation results of V01 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

19.30 20.75 19.78 19.30 19.30 19.78 19.78 21.23 27.50 20.75 sqm 

maximum depth of light 
zone(up to 300lux) 

4.63 5.38 6.13 6.13 6.88 7.62 9.12 9.86 13.60 7.71 m 

area of glare zone (>900lux) 10.13 12.06 15.92 18.82 24.12 27.98 33.29 39.08 49.21 25.62 sqm 

area of dark zone(<300lux) 53.07 49.69 46.80 44.39 39.08 34.74 29.43 22.19 5.79 36.13 sqm 
 

Comparison of lighting for different orientations: V01 

Comparing the above three orientations when using shading type V01, from Figure 4.7(a) it is found that, 

area of acceptable light zone, yields negligible fluctuation among the tested orientations, throughout the 

entire day. In Figure 4.7(b), east orientation shows least values of maximum depth of light zone, for most 

of the office hours. The highest value of this variable is with west orientation, occupying half of the entire 

day. 

Results in Figure 4.7(b), (c) and (d) show that, use of V01 on south orientation yields the most consistent 

levels of the variables, throughout the day. The area of acceptable light zone, does not reflect any 

noticeable difference in the south, compared to the east or west. But the average depth of light zone, and 

the area of glare zone, is higher in the south, than in the east orientation, during most of the office hours. 

The values of these variables remain lower in the south, than in the west, for half of the entire day. The 

area of dark zone is also lower than the east, almost throughout the day, when V01 is used on the south. 
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However, dark zone also yields higher value in the south, than in the west, for half of the day. Values of 

the depth of light zone, the glare and dark zone, in all tested orientations remain close, up to mid day. For 

south and east, this trend continues up to the end. But in the afternoon, on the western orientation, the area 

of acceptable light zone, the depth of light zone, and the area of glare zone, all rise sharply, compared to 

those in the south or east. When comparing the results of using V01 in east, with the other orientations, it 

is seen that though the depth of light zone and glare zone on eastern orientations are higher, than the other 

orientations at the beginning, these values become lower, as the day progresses.  

 

Figure: 4.7(a) area of acceptable zone during the day for V01        Figure: 4.7(b) Max.depth of light zone during the day for V01 

 

Figure: 4.7(c) area of glare zone during the day for V01              Figure: 4.7(d) area of dark zone during the day for V01 

In Figure 4.7(d), like depth of light zone and glare zone, the area of dark zone on western orientation at 

early hours, remain close to the afternoon values of the east. But values of dark zone on the west, fall 

sharply in the afternoon. At the end of the day, west shows the least area of dark zone. However, the 

highest area of dark zone is with V01 on east, almost throughout the office hours.  
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From comparison of average results among the three tested orientations in Figure 4.7(e) it is found that, 

though V01 has the highest area of glare zone in the west, it shows the best performance on this 

orientation, under rest of the criteria . In the west, usable area of acceptable light zone and depth of light 

zone are the highest, characterizing least area of dark or artificial light zone. V01 yields smaller area of 

glare zone in the east, than south orientation. However, considering the rest of the criteria, the worst case 

scenario is found in the east, among the three tested orientations. From the above discussion, it can be 

said that, lighting efficiency order (section 4.2) of V01 is the best, intermediate and worst in the west, 

south and east respectively. 

 

Figure: 4.7(e) effect of orientation on daylighting for V01 

4.2.1.3 Composite Shading Devices 

Three models, with selected composite shading devices (Chapter 3), were simulated for lighting 

efficiency analysis, in three orientations- south, east and west, during critical office hours of the day. The 

daylight simulation findings, and their comparisons, are given below, with respect to individual cases of 

composite shading, numbered C01 to C03 (Section 3.2.1.1): 

4.2.1.3.1Daylight simulation findings: C01: Eggcrate Aluminum louvered screen (Figure 3.17h) 

Tables 4.22-4.24, show the results of daylight simulation, for the three orientations of the composite 

shading device, C01.In Table 4.22, data derived from the simulation of the daylight illumination level of 

the model (Appendix A4) shows, daylight simulation findings for C01 in south orientation. Only an 

average of 25% (20.85sqm out of 83sqm) of these values, lie within acceptable range, on the basis of the 

area. Maximum depth of light zone reaches up to 7.0m typically, which is 2.43 times of the aperture head 

height. The average of the dark zone constitutes 1.72 times the area of the glare zone.  

Table 4.22 data derived from daylight simulation results of C01 for south orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

21.71 20.75 21.71 20.75 21.71 21.23 21.71 19.78 18.33 20.85 sqm 

maximum depth of light 
zone(up to 300lux) 

6.88 7.62 7.62 8.37 7.62 7.62 6.88 6.13 4.63 7.04 m 

area of glare zone (>900lux) 21.23 25.57 26.05 28.46 26.05 25.09 21.23 17.85 11.58 22.57 sqm 

area of dark zone(<300lux) 39.56 36.18 34.74 33.29 34.74 36.18 39.56 44.87 52.59 39.08 sqm 
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Table 4.23 shows daylight simulation findings for C01, in the east orientation. An average of 25% of the 

area (20.91sqm out of 83sqm)  of the model is of acceptable light range, which depicts an average spatial 

depth of 6.7m, or 2.33 times of the aperture head height. Average area of dark zone is almost twice that of 

the glare zone. 

Table 4.23 data derived from daylight simulation results of C01 for east orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

20.26 21.71 20.26 20.26 21.71 20.26 21.71 21.71 20.26 20.91 sqm 

maximum depth of light 
zone(up to 300lux) 

9.12 8.37 7.62 6.88 6.88 6.13 6.13 5.38 3.89 6.71 m 

area of glare zone (>900lux) 33.77 30.39 27.50 23.16 20.75 18.82 16.40 12.06 5.31 20.91 sqm 

area of dark zone(<300lux) 28.46 30.39 34.74 39.08 40.04 43.42 44.39 48.73 56.93 40.69 sqm 
 

According to Table 4.24, with C01 only 26% of the area (21.92sqm out of 83sqm) has acceptable lighting 

range, when used in the west orientation. The average depth of light zone, reaches up to 8.6m, or about 3 

times of the aperture head height. The corresponding average area of glare zone, is almost equivalent to 

the dark zone.  

Table 4.24 data derived from daylight simulation results of C01 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

21.71 20.26 21.71 20.26 20.26 20.75 20.26 23.16 28.95 21.92 sqm 

maximum depth of light 
zone(up to 300lux) 

6.13 6.13 6.88 7.62 7.62 8.37 9.86 11.36 13.60 8.62 m 

area of glare zone (>900lux) 16.40 18.82 20.75 23.64 27.50 31.36 36.67 42.46 53.55 30.13 sqm 

area of dark zone(<300lux) 44.39 43.42 40.04 38.60 34.74 30.39 25.57 16.89 0.00 30.45 sqm 

 

Comparison of lighting for different orientation: C01 

Comparing the above three orientations, when using shading type C01, from Figure 4.8(a) it is found that, 

area of acceptable light zone shows negligible fluctuation, with close values throughout the entire day, 

among the tested orientations. In Figure 4.8(b), east orientation shows least values of maximum depth of 

light zone, for most of the office hours. The highest value of this variable, is on the west orientation, for 

half of the day. 

Results in Figure 4.8(b), (c) and (d) show that, use of C01 on south orientation, yields the most consistent 

levels of the variables, throughout the day. The area of acceptable light zone, does not reflect any 

noticeable difference in the south, in comparison with east or west. But the average depth of light zone is 

higher in the south, than in the east orientation, during most of the office hours. However, west yields a 

much higher value for depth of light zone than in the south, for half of the entire day. But at the same 

time, it also occupies a much higher area of glare zone, than the rest of the tested orientations. The area of 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka                 Chapter: Four 
  
 

104 
 

dark zone is also lower than the east almost throughout the day, when C01 is used on the south. However, 

dark zone also yields a higher value in the south, than in the west, for half of the day. Values of the depth 

of light zone, the glare and dark zone, in all the tested orientations remain close, up to mid day. For south 

and east, this trend continues up to the end of the day. Even values of glare zone on the south and east 

orientation remain similar, throughout the entire day. But in the afternoon, on the western orientation, the 

area of acceptable light zone, the depth of light zone, and the area of glare zone, all rise sharply compared 

to those in the south or east. When comparing the results of using C01 in the east, with the other 

orientations, it is seen that though the depth of light zone and glare zone on eastern orientations, are 

higher than the other orientations at the beginning, these values become lower, as the day progresses.  

 

Figure: 4.8(a) area of acceptable zone during the day for C01        Figure: 4.8(b) Max. depth of light zone during the day for C01 

In Figure 4.8(d), like depth of light zone and glare zone, the area of dark zone on western orientation at 

early hours, remain close to the afternoon values of the east. But the area of dark zone on the west, falls 

sharply in the afternoon. At the end of the day, west shows the least area of dark zone. However, the 

highest area of dark zone is with C01 on east, for most of the office hours. 

 

Figure: 4.8(c) area of glare zone during the day for C01              Figure: 4.8(d) area of dark zone during the day for C01 
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From comparison of average results among the three tested orientations in Figure 4.8(e), it is found that 

C01 shows the highest value for of area acceptable light zone and depth of light zone in west orientation, 

yielding  the least area of dark or artificial light zone. However, it also displays the highest average area 

of glare zone. In the rest of the orientations, C01 shows equal average area of acceptable light zone, 

where C01 is used in the east, it results in the least average area of glare zone, among the tested 

orientations. However, under the rest of the criteria, C01displays the worst scenario in the east, among the 

three tested orientations. From the above discussion, it can be said that, lighting/luminous efficiency order 

(section 4.2) of C01 is the best, intermediate and worst in the west, south and east respectively. 

 

 

Figure: 4.8(e) effect of orientation on daylighting for C01 

4.2.1.3.2Daylight simulation findings: C02: Diagonal (anti-clock wise) Aluminum louvered   screen 

(Figure 3.17i) 

Tables 4.25-4.27, show the results of daylight simulation, for the three orientations, of the composite 

shading device C02.In Table 4.25, data derived from the simulation of the daylight illumination level of 

the model (Appendix A4) shows, daylight simulation findings for C02 in south orientation. Only an 

average of 23% (19.08sqm out of 83sqm) of these values, is within acceptable range, when considering  

area. Maximum depth of light zone reaches up to 5.5m typically, which is 1.91 times of the aperture head 

height. The average of the dark zone, constitutes 3.55 times the area of the glare zone.  

Table 4.25 data derived from daylight simulation results of C02 for south orientation 

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

19.30 19.78 19.78 19.78 19.30 18.82 18.82 19.30 16.89 19.08 sqm 

maximum depth of light 
zone(up to 300lux) 

6.13 6.13 6.13 6.13 6.13 5.38 5.38 4.63 3.89 5.55 m 

area of glare zone (>900lux) 17.37 16.89 16.89 16.40 16.40 14.47 12.54 9.17 4.34 13.83 sqm 

area of dark zone(<300lux) 45.83 45.83 45.83 46.32 46.80 49.21 51.14 54.04 61.27 49.59 sqm 

 

According to Table 4.26, with C02 only 24% of the area (19.57sqm out of 83sqm) is within the 

acceptable lighting range, when used in the east orientation. The average maximum depth of light zone 
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reaches up to 5.5m, or 1.91 times, of the aperture head height. The corresponding average area of dark 

zone, is 3.68 times the glare area.  

Table 4.26 data derived from daylight simulation results of C02 for east orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

19.78 19.78 18.82 20.26 20.75 19.30 20.75 21.23 15.44 19.57 sqm 

maximum depth of light 
zone(up to 300lux) 

8.37 7.62 6.13 6.13 5.38 4.63 4.63 3.89 2.39 5.46 m 

area of glare zone (>900lux) 29.43 24.12 19.78 14.96 12.06 10.13 7.24 2.89 0.00 13.40 sqm 

area of dark zone(<300lux) 33.29 38.60 43.90 47.28 49.69 53.07 54.52 58.38 67.06 49.53 sqm 
 

Table 4.27 shows daylight simulation findings for C02 in the west orientation. An average of 25% of the 

area (20.69sqm out of 83sqm) of the model, has lighting in the acceptable range, which depicts an average 

spatial depth of 7.0m, or 2.43 times of the aperture head height. However, average the area of dark zone, 

is 1.84 times of the glare zone. 

Table 4.27 data derived from daylight simulation results of C02 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

20.75 19.30 20.75 20.26 20.75 20.75 20.75 18.33 24.61 20.69 sqm 

maximum depth of light 
zone(up to 300lux) 

4.63 4.63 5.38 6.13 6.88 7.62 8.37 8.37 11.36 7.04 m 

area of glare zone (>900lux) 7.24 10.61 12.54 15.44 19.78 25.57 29.43 33.77 40.53 21.66 sqm 

area of dark zone(<300lux) 54.52 52.59 49.21 46.80 41.97 36.18 32.32 30.39 17.37 40.15 sqm 

Comparison of lighting for different orientations: C02 

Comparing the above three orientations, when using shading type C02, from Figure 4.9(a), it is found 

that, area of acceptable light zone is very similar among the tested orientations, throughout the entire day. 

In Figure 4.9(b), east orientation shows least values of maximum depth of light zone, for most of the 

office hours; while the highest value is in the west.  

 

Figure: 4.9(a) area of acceptable zone during the day for C02      Figure: 4.9(b) Max. depth of light zone during the day for C02 
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Figure: 4.9(c) area of glare zone during the day for C02            Figure: 4.9(d) area of dark zone during the day for C02 

Results in Figures 4.9(b), (c) and (d) show that, use of C02 on south orientation yields the most consistent 

levels of the variables, throughout the day. Though the area of acceptable light zone, does not reflect any 

noticeable difference, among the tested orientations, south orientation seems the most consistent for this 

variable. But the average depth of light zone, is lower in the south than in the west orientation, during 

most of the office hours. However, the area of glare zone is also lower, than the west, when C02 is used 

on the South. At the same time, for depth of light zone and glare zone, south orientation yields higher 

values, than the east orientation. But the values remain very close for both these variables. The area of 

dark zone on the south and east orientation are also very close, though the values in the south remain 

lower, than the east orientation. However, south orientation yields higher area of dark zone than the west.  

At early hours, values of depth of light zone, glare and dark zone, on the western orientation, remain close 

to the afternoon values of the east. Though the depth of light zone and the area of glare zone, on eastern 

orientations, become lower in the afternoon, these values are higher, than the other orientations, at the 

beginning of the day. Values of the depth of light zone, the glare and dark zone, in all the tested 

orientations, become close, at mid day. On the south and east orientation, this trend continues up to the 

end of the day. However, in the afternoon, on the western orientation, the values of acceptable zone, the 

depth of light zone, and the glare zone all rise sharply, compared to those in the south or east. But area of 

dark zone on the western orientation, falls sharply. In Figure 4.9(d), east yields the highest area of dark 

zone, for most the office hours. However, at the end of the day, the least area of dark zone of the day, is 

with C02 on the west.  

From comparison of average results, among the three tested orientations in Figure 4.8(e), it is found that 

in spite of the highest average area of glare zone, C02 performs best in the west orientation, considering 

the rest of the criteria. In the west orientation, it occupies the highest usable area of acceptable light zone 

and depth of light zone, yielding least area of dark or artificial light zone. In the rest of the orientations, it 
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shows equal average area of dark zone and depth of light zone. In south orientation, it occupies lower area 

of average acceptable light zone, with greater area of glare zone, compared to that of the east orientation. 

From the above discussion it can be said that, lighting/luminous efficiency order (section 4.2) of C02 is 

the best, intermediate and worst in the west, east and south respectively. 

 

Figure: 4.9(e) effect of orientation on daylighting for C02 

 

4.2.1.3.3Daylight simulation findings: C03: Diagonal (clock wise) Aluminum louvered   screen 

(Figure 3.17j) 

Tables 4.28-4.30, show the results of daylight simulation, for the three orientations, of the composite 

shading device C03.In Table 4.28, data derived from the simulation, of the daylight illumination level of 

the model (Appendix A4) shows, daylight simulation findings, for C03 in south orientation. Only an 

average of 22% (18.49sqm out of 83sqm)  of these values, is within acceptable range, on the basis of the 

area. Maximum depth of light zone reaches up to 5.4m typically, which is 1.88 times of the aperture head 

height. The average of the dark zone, constitutes 3.43 times the area of the glare zone.  

Table 4.28 data derived from daylight simulation results of C03 for south orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

19.30 21.23 18.33 19.78 19.78 18.33 17.37 16.89 15.44 18.49 sqm 

maximum depth of light 
zone(up to 300lux) 

5.38 6.13 5.38 6.13 6.13 6.13 5.38 4.63 3.14 5.38 m 

area of glare zone (>900lux) 15.44 16.40 15.44 16.40 16.40 16.89 15.92 11.58 5.79 14.47 sqm 

area of dark zone(<300lux) 47.76 44.87 48.73 46.32 46.32 47.28 49.21 54.04 61.27 49.53 sqm 

 

Table 4.29, shows daylight simulation findings, for C03 in east orientation. An average of 25% of the area 

(20.37sqm out of 83sqm) of the model, has acceptable lighting, which depicts an average spatial depth of 

5.6m, or 1.95 times of the aperture head height. Average area of dark zone, is 3.45 times of the glare 

zone. 
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Table 4.29 data derived from daylight simulation results of C03 for east orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

21.23 21.23 20.75 20.75 20.75 20.26 21.71 21.23 15.44 20.37 sqm 

maximum depth of light 
zone(up to 300lux) 

8.37 7.62 6.88 6.13 5.38 5.38 4.63 3.89 2.39 5.63 m 

area of glare zone (>900lux) 29.91 26.05 20.75 15.92 13.03 10.61 7.24 3.38 0.00 14.10 sqm 

area of dark zone(<300lux) 31.36 35.22 41.01 45.83 48.73 51.62 53.55 57.89 67.06 48.03 sqm 
 

According to Table 4.30, with C03 only 25% of the area (20.85sqm out of 83sqm)  is within the 

acceptable light range, when used in the west orientation .The average depth of light zone, reaches up to 

7.1m, or 2.47 times of the aperture head height. The corresponding average area of dark zone, is 1.84 

times of the glare zone.  

Table 4.30 data derived from daylight simulation results of C03 for west orientation  

Time (hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. unit 

area of acceptable zone 
(≥300 to ≤900 lux) 

21.23 19.30 21.23 20.26 19.30 20.26 20.75 19.30 26.05 20.85 sqm 

maximum depth of light 
zone(up to 300lux) 

4.63 4.63 5.38 6.13 6.13 7.62 8.37 9.12 12.11 7.12 m 

area of glare zone (>900lux) 7.24 10.13 12.06 14.96 19.78 24.12 29.91 33.29 43.42 21.66 sqm 

area of dark zone(<300lux) 54.04 53.07 49.21 47.28 43.42 38.11 31.84 29.91 13.03 39.99 sqm 
 

Comparison of lighting for different orientation: C03 

Comparing the above three orientations when using shading type C03, from Figure 4.10(a), it is found 

that, area of acceptable light zone yields negligible fluctuations among the tested orientations, for most of 

the office hours. However, south orientation has the least value, almost throughout the entire day, 

compared to the other two orientations. In Figure 4.10(b), east orientation shows least values of maximum 

depth of light zone, for most of the office hours. West orientation yields much higher values, occupying 

half of the day.  

 

Figure: 4.10(a) area of acceptable zone during the day for C03     Figure: 4.10(b) Max. depth of light zone during the day for 

C03 
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Results in Figures 4.10(b), (c) and (d) show that, use of C03 on south orientation yields the most 

consistent levels of the variables, throughout the day. Though the area of acceptable light zone, on the 

south orientation, is very close to those of the other orientations, the values are lower than in the east or 

west. The average depth of light zone is also lower in the south, than in the west orientation, during most 

of the office hours. However, the area of glare zone is also lower than the west, when C03 is used on the 

South. At the same time, for depth of light zone and glare zone, south orientation yields higher value than 

the east orientation. But values of both these variables remain very close to the least values of the other 

orientations, throughout the day.  The area of dark zone in the south, remains higher than in the west, and 

lower than in the east, for most of the office hours. But the area of dark zone remains very close to the 

highest values of east and west orientation, throughout the day.  

At early hours, values of depth of light zone, glare and dark zone on the western orientation, remain close 

to the afternoon values of the east. Though the depth of light zone, and the area of glare zone, on eastern 

orientations become lower in the afternoon, these values are higher than the other orientations, at the 

beginning of the day. At this time, values of the depth of light zone, the glare and dark zones, on south 

and west orientations, remain close. East orientation also shows the same trend, at mid day. On the south 

and east orientation, this similarity continues up to the end of the day. However, in the afternoon, on the 

western orientation, the values of acceptable light zone, the depth of light zone, and the glare zone, all rise 

sharply, compared to those in the south or east. But area of dark zone on the western orientation, falls 

sharply. In Figure 4.10(d), east yields the highest area of dark zone, for most the office hours. However, at 

the end of the day, the least area of dark zone of the day, is with C03 on the west.  

 

Figure: 4.10(c) area of glare zone during the day for C03            Figure: 4.10(d) area of dark zone during the day for C03 

From a comparison of the average results, among the three tested orientations in Figure 4.10(e), it is 

found that C03 has the highest average area of glare zone, in the west. However, it performs best in west 

orientation for average area of acceptable light zone, dark zone and maximum depth of light zone. In the 
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west, it occupies the highest usable area of acceptable light zone, and depth of light zone, with least area 

of dark or artificial light zone. Between the rest of the tested orientations, under all the criteria, south 

orientation for C03 displays the worst case scenario. From the above discussion it can be said that, C03 

depicts the best lighting/luminous efficiency (section 4.2) in the west, yielding intermediate efficiency in 

the east and worst in the south.  

 

Figure: 4.10(e) effect of orientation on daylighting for C03 

4.2.1.4 Summary of the findings from Comparative analysis of Luminous Effects on Orientations 

for different Shading Device 

It is clear, from the analysis of the results reported in the above sections that, dark zones are a significant 

feature, for most of the tested shading devices. Dark zones constitute an area ranging from approximately 

8.6 times that of the glare zone, on average. Only H01 and H02 yield greater glare zones, compared to 

dark zones. Both glare zones and dark zones are, considered as unusable areas. H01 and H02 also yield 

maximum depth of light zone, reaching up to more than 2.5 times of the aperture head height, on average. 

West orientation of the rest of the shading devices, also performs well in this regard. However, none of 

the shading devices simulated, can ensure more than 50% of the tested model  area, as usable, i.e. having 

acceptable illumination level of 300 to 900 lux, whatever the orientation. 

Tested orientations for H01 and H02 behave very differently, from others. For the other shading devices, 

the area of acceptable light zone of each reveal, negligible fluctuation, with similar values among the 

tested orientations, throughout the day. Values of the rest of the criteria, among all the tested orientations, 

also remain close to each other up to mid day. This trend continues up to the end of the day on the south 

and east orientations (with the exception of H05). In the early hours, all shading devices for east 

orientation yield the maximum depth of light zone and maximum area of glare zone, compared to other 

orientations; with minimum   area of dark zone. Except H01, south orientation of all other shading 

devices, shows values between that of east and west, during early and late hours, regarding maximum 

depth of light zone, glare and dark zone. However, for H01, south shows this middle range at the end of 

early hours. H01 of east orientation also fluctuates significantly throughout the day, in the values of 

acceptable zone, dark zone, as well as, maximum depth of light zone. Except H02 and H05, West 
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orientation of all shading devices shows sharp changes, from mid day onwards, compared to the other 

orientations, for all tested devices and criteria. At the end of the office hours, devices on west orientation,  

achieve the least area of dark zone, of the entire day. While regarding the rest of the perceived criteria, 

highest values are reached. H03, H04, H06, V01, C02 and C03 show almost similar results, from the 

comparison among tested orientations.  

For all tested criteria, south orientation remains the most consistent during most of the office hours, 

especially up to mid day. All tested orientations display almost similar rising trends, as the day 

progresses, for maximum depth of light zone and average area of glare zone. However, they show 

opposite trend for average area of dark zone. Under these three criteria, east and west orientation show 

reverse rising trend with time throughout the day. Table 4.31 shows lighting/luminous efficiency (section 

4.2) in order of the orientations, for each shading devices from the analysis of the Sections 4.2.1.1, 4.2.1.2 

and 4.2.1.3. 

Table 4.31 lighting efficiency order of orientations according to performance rank 

Performance H01 H02 H03 H04 H05 H06 V01 C01 C02 C03 
best east south west west west west west west west west 
intermediate west west south south south east south south east east 
worst south east east east east south east east south south 

  

4.2.2 Comparative analysis of Luminous Effects by Shading Devices on different Orientation 

After analyzing the effect of orientation on each shading device, this section compares the 

lighting/luminous efficiency of all horizontal, vertical  and composite shading devices(Section 3.2.1.1),  

for each considered (south, east and west) orientations . The efficiency of the devices is determined by 

luminous effects i.e. area of acceptable light zone, maximum depth of light zone, area of glare and dark 

zone, for assessing lighting/luminous efficiency (section 4.2).  

This study will help to select shading device for specific orientations based on luminous effects. It will 

help to differentiate among lighting distribution yielded by the different shading devices.  

4.2.2.1 South orientation 

Figure 4.11(a) shows, changes of area of acceptable light zone during office time, for the ten selected 

shading devices, in south orientation. From this Figure it is evident that except H02, all shading devices 

show very similar trend of change. They show, negligible fluctuation, with very similar values throughout 

the day. It is very difficult to differentiate among them. Compared to them, all the criteria generated in 

H02 remains much higher during the entire day. It shows sharp rise at early hours; gains the highest range 

at mid day, remaining more consist after that, falling sharply in mid afternoon. 
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Figure 4.11(b) plots the maximum depth of light zone throughout the day. H02 shows similar trend of rise 

and consistency as in Figure 4.11(a), with much higher values, compared to the other tested devices..H05 

achieves lowest values, yielding a constant depth of light zone throughout the day. The rest of the shading 

devices achieve maximum values at mid day. They also show little fluctuation throughout the day, except 

for a sharp fall near the end of the day.  

 

Figure: 4.11(a) area of acceptable zone during the day for south   Figure: 4.11(b) Max. depth of light zone during the day for 

south  

 

Figure: 4.11(c) area of glare zone during the day for south           Figure: 4.11(d) area of dark zone during the day for south   
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In Figure 4.11(c), area of glare zone throughout the day follows, mostly similar trend of change as 

displayed in Figure 4.11(b), and similar values compared to each other for the shading devices, with the 

exception of H02.While Figure 4.11(d) shows, much lower values for H02, compared to the other 

devices. Also, H02 shows greater consistency  with very few area of dark zone from 10am to 2pm. 

From Figure 4.11(e) it can be said that for south orientation, of the four criteria, average maximum depth 

of light zone alone, shows negligible deviation among shading devices.  

 

 

Figure: 4.11(e) comparison of lighting of different shading devices in south orientation 

Comparing performance (section 4.2) of different shading devices, it is evident that with respect to 

lighting efficiency, H02 is the best for south orientation. It yields the highest average area of acceptable 

light zone, and achieves maximum depth of light zone, with least average dark zone. Though its glare 

zone is greater than that of others, this value is still lower than the corresponding average area of 

acceptable zone. Other than H02, the rest of the shading devices show very similar performance. 

H01, H03, H04 and V01 yield equal  average areas of acceptable light zones, when placed on south 

orientations. It is close to the second highest average area of acceptable light zone of C01.H03 and C01 

both yield equal average areas of dark zone, and depths of light zone. C01 however, gives less glare zone 

than H03 and H01. H01 shows better performance, under the criteria of dark zone (yielding lower value 

of area), and maximum depth of light zone. But the difference under these two criteria is almost 

negligible. Considering the rest of the criteria, C01 should be preferred before H01. H03 is less 

preferable, compared to both of them. 

H04 and V01 show equality, under the criteria of acceptable, glare and dark zones. But V01 ranks before 

H04, for its higher maximum depth of light zone, when, V01 ranks after H03.H06 and C02 take the next 

places, characterizing equal  average area of acceptable light zone. In spite of greater glare zone, H06 
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ranks before C02, for its higher maximum depth of light zone and lower area of dark zone. Least area of 

acceptable light zone, depth of light zone and dark zone place H05, as the worst one among all the 

shading devices, for the south orientation. 

4.2.2.2 East orientation 

Figure 4.12(a) shows, changes of areas, of acceptable light zone, during office time, for the ten selected 

shading devices, in east orientation. From this Figure it is evident that except H02 and H01, all the 

shading devices show very similar trends of change. They show, negligible fluctuation, with very similar 

values, throughout the day. It is very difficult to differentiate among them. However, values for H01 

remain much higher and fluctuates in a higher range, during the entire day. Compared to the rest of the 

shading devices, H02 which begins the highest area of acceptable light zone. This falls sharply, just after 

noon. However, after H01, it remains higher compared to others, up to the mid afternoon. H05 yields the 

lowest area of acceptable light zone throughout the entire day. After H02, H01 and H05 both shows 

maximum fluctuation throughout the day, compared to other tested devices. 

Figure 4.12(b) plots the maximum depth of light zone throughout the day. All shading devices show little 

fluctuation throughout the entire day, yielding gradual sharp fall from early hours. Like Figure 4.12(a), 

maximum depth of light zone for H01 remains much higher, with higher fluctuation range, throughout the 

day. At the same time, H02 shows little fluctuation with much higher values, where H05 yields least 

values. 

 

Figure: 4.12(a) area of acceptable zone during the day for east   Figure: 4.12(b) Max. depth of light zone during the day for east 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

9.
00

10
.0

0

11
.0

0

12
.0

0

13
.0

0

14
.0

0

15
.0

0

16
.0

0

17
.0

0

ar
ea

 o
f 

ac
ce

p
te

d
 z

on
e 

(s
q

m
)

Time (hrs.)

H01

H02

H03

H04

H05

H06

V01

C01

C02

C03

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

9.
00

10
.0

0

11
.0

0

12
.0

0

13
.0

0

14
.0

0

15
.0

0

16
.0

0

17
.0

0

m
ax

im
u

m
 d

ep
th

 o
f 

li
gh

t 
zo

n
e 

(m
)

Time (hrs.)

H01

H02

H03

H04

H05

H06

V01

C01

C02

C03



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka                 Chapter: Four 
  
 

116 
 

 

Figure: 4.12(c) area of glare zone during the day for east            Figure: 4.12(d) area of dark zone during the day for east   

In Figure 4.12(c), area of glare zone throughout the day, follows mostly similar decreasing trend of 

change, as displayed in Figure 4.12(b), for all the shading devices in Figure 4.12 (d) the area of dark zone 

is much lower for H01 and H02, compared to the other devices. Also, H02 fluctuates more within higher 

range with lower area of dark zone at the beginning of the day. At the same time, H05 yields much higher 

values for this criteria.  

Comparing the four criteria in Figure 4.12(e), negligible deviation is seen, among the shading devices, for 

average maximum depth of light zone. Comparing performance (section 4.2) of different shading devices, 

it is evident that in respect to lighting efficiency, H01 is the best for east orientation. It yields the highest 

average area of acceptable light zone, with maximum depth. It also achieves the least area of dark zone. 

Though its area of glare zone is the highest, it is still lower than the average acceptable zone.H02 takes 

the second place, on the basis of its performance, under average area of acceptable light, glare and dark 

zones. However, its average glare point is similar to H01, and in the east, only H02 occupies higher glare 

zone, than its average acceptable light zone.  

In spite of having larger dark zone, H06 is more preferable than C01, for its higher area of average 

acceptable light zone and smaller glare zone area. Other than C01, C03 has the highest average acceptable 
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considering average area of acceptable light and glare zones, H04 should be the preferred option. H05 

yields the least glare zone and however, the rest of the criteria, rank it as the worst one, among all the 

tested shading devices.  

 

Figure: 4.12(e) comparison of lighting of different shading devices in east orientation 

4.2.2.3 West orientation 

Figure 4.13(a) shows, changes of area of acceptable light zone during office time, for the ten selected 

shading devices, in west orientation. From this Figure, it is evident that except H02, all shading devices 

shows similar trends. They show, negligible fluctuation, with very similar values throughout the day. It is 

very difficult to differentiate among them. However, the value of acceptable light zone for H02, remains 

higher, than the others, during the entire day. At mid day, with sharp rise, it reaches its highest average 

area of acceptable zone. In comparison to the rest, H05 remains more consist, yielding the lowest area of 

acceptable light zone, throughout the entire day. 

Figure 4.13(b) plots the maximum depth of light zone throughout the day. All tested shading devices 

show very little fluctuation. They also show gradual sharp rise, from early hours. Like Figure 4.13(a), 

maximum depth of light zone for H02 remains much higher, throughout the day. It is very difficult to 

differentiate between the devices, according to maximum depth of light zone. However, for H05 depth of 

light zone remain much lower throughout the entire day.  

In Figure 4.13(c), area of glare zone throughout the day follows, mostly similar trend of change and 

values as displayed in Figure 4.13(b), for all the shading devices, with the exception of H02 and H05. 

While Figure 4.13(d) shows, much lower values of glare zone for H02, compared to the other devices.. 

H05 consistently shows highest area of dark zone, throughout the day. 
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Figure: 4.13(a) area of acceptable zone during the day for west      Figure: 4.13(b) Max. depth of light zone during the day for 

west 

 

Figure: 4.13(c) area of glare zone during the day for west            Figure: 4.13(d) area of dark zone during the day for west   
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Figure: 4.13(e) comparison of lighting of different shading devices in west orientation 

Similar to the other orientations, comparison of the four criteria in Figure 4.13(e) also shows negligible 

deviation among shading devices, for average maximum depth of light zone.  

Comparing performance (section 4.2) of different shading devices, it is evident that with respect to 

lighting efficiency, H02 is the best for west orientation. It yields the highest average area of acceptable 

light zone and maximum depth of light zone, with least average area of dark zone. However, its average 

area of glare zone is the highest, compared to others. Even it is much higher than the average area 

acceptable zone of all the tested shading devices.  

H01 has the second highest average area of acceptable light zone, glare zone and maximum depth of light 

zone. It also achieves the second lowest average area of dark zone. Other than H01, both H03 and H06 

yield equal areas of average acceptable light zone. Their average maximum depth of light zone, is also 

very similar. However, H03 should be preferable to H06, for its higher maximum depth of light zone and 

lower average area of dark zone. Except maximum depth of light zone, the rest of the criteria place C01, 

next to H06. Other than C01, H04 and V01 show very similar performance. But H04 should be 

preferable, for its lower average area of glare zone and higher area of acceptable light zone, and since, 

their differences under the rest of the criteria are not significant.  

V01, C02 and C03 show equal average areas of acceptable light zone. Among them, V01 occupies higher 

maximum depth of light zone, and lower average area of dark zone. Therefore, V01 should be chosen 

first. C02 and C03 show equality in all criteria, except maximum depth of light zone. C03 should be 

preferable, compared to C02.Though H05 yields the least glare zone, the rest of the criteria rank it, as the 

worst one, among all shading devices. 
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4.2.2.4 Summary of the findings from Comparative analysis of Luminous Effects by Shading 

Devices on different Orientation 

Investigation of the above sections reveal that, values of acceptable light zone, glare zone and maximum 

depth of light zone, is highest in the south at mid day, in the east at early hours and in the west at the end 

of the day. While dark zone yield the least area during these times, for the considered orientations. For 

each tested orientation, generally, shading device of greater maximum depth of light zone at a particular 

time, generates greater glare and lower dark zone, at that time, compared to other tested shading devices. 

The extent of dark zone as the day progress, is inversely proportional to the  extent of the light zone. 

Orientation and time do not influence acceptable light zone and depth of light zone, of each shading 

device, except in the cases of H01 and H02. However, H01, H02 and H05 also behave differently from 

others under all tested criteria. H02 yields much higher values of acceptable light zone, glare zone and 

maximum depth of light zone all day long, compared to others in all tested orientations. In east 

orientation, H01 shows much higher values, than H02. While in all orientations, the rest of the shading 

devices show negligible fluctuation, and very similar values for acceptable light zone; H05 shows highest 

value for dark zone and least values under the rest of the criteria. In west and south orientation, H05 

shows maximum consistency. In the east H01 shows maximum fluctuation. In all tested orientations, H02 

shows sharp changes compared to others. 

From the analysis of Sections 4.2.2.1,4.2.2.2 an 4.2.2.3, Table 4.32 summarizes that, lighting/luminous 

efficiency order of shading devices, for each orientation; on the basis of average area of acceptable light 

zone, glare, dark zone and maximum depth of light zone, on a scale of 1-10, where 1is the best, 10is the 

worst.  

Table 4.32 lighting efficiency order of shading devices according to performance rank (1- best to 10-worst) 

Performance 
rating 

1 2 3 4 5 6 7 8 9 10 

south H02 C01 H01 H03 V01 H04 H06 C02 C03 H05 
east H01 H02 H06 C01 H03 C03 C02 H04 V01 H05 
west H02 H01 H03 H06 C01 H04 V01 C03 C02 H05 

 

According to the findings of Table 4.33, shading devices of higher average area of acceptable light zone, 

also perform better in terms of overall lighting/luminous efficiency, on the basis of the rest of the three 

criteria. Only, H03 and C03 in east orientation, is an exception to this. However, analysis of the previous 

sections signifies that, most of the shading devices, especially, H04, V01, C02 and C03 show very close 

average performance in all the tested orientations. Moreover, it must also be taken into account that, H03, 

H01 and C01 in south orientation, H02 in east orientation, and all the shading devices except H05 in the 

west, are extremely glare prone. Their average area of glare zone is greater than the acceptable light zone. 
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The above sections analyses the efficiency of tested shading devices, on the basis of luminous effects on 

daylight. However, for the overall energy efficiency of the shading devices, thermal effects of daylight 

cannot be neglected. The next section rechecks their energy efficiency, emphasizing the thermal effects of 

daylight, on space heat gain, and HVAC load.  

4.3Thermal Effects of Daylight on HVAC load  

A significant character of thermally energy efficient shading devices, is the reduced dependency on 

electricity for HVAC loads, when addressing the effect of space heat gain or loss. For this particular study 

in the Tropics, space heat gain is the deciding factor. Therefore, the thermal analysis in this research deals 

with HVAC load, specifically cooling load for thermal comfort. 

When shading is not effective, light zone may allow unwanted heat, along with glare. Even a 

luminous/lighting energy efficient shading device, as found in lighting analysis (section 4.3), may show 

inefficiency when considering the thermal effects. The behavioral pattern of space heat gain, of HVAC or 

cooling load, reflects the efficiency of the material and geometric configuration of a shading device in 

different orientations. To test how the example shading devices perform, in terms of the thermal aspects 

of the spaces, thermal simulation was done on each of them. The quantitative results are presented and 

analyzed in the following sections. The simulations were conducted using the software Ecotect v5.50.  

4.3.1 Comparative analysis of Thermal Effects (space heat gain for HVAC load) on Orientations for 

different Shading Device  

Like lighting, thermal energy efficiency of shading device, is largely influenced by the orientation of the 

aperture. With light zone, the character of space heat gain, as well as cooling/HVAC load, also varies 

with time, in the different orientations. The shading, which provides energy efficient comfortable thermal 

environment in one orientation, may be relatively ineffective in other orientations.  

4.3.1.1Horizontal Shading Devices 

The six models, with selected horizontal shading devices (Chapter 3), were simulated for thermal energy 

efficiency analysis, in three orientations- south, east and west, during critical office hours of the day. The 

thermal simulation findings for these devices, and their comparisons, are given below, with respect to 

individual cases of horizontal shading, numbered H01 to H06 (Figure 3.17(a)-(f)), the detailed 

descriptions of which are provided in Section 3.2.1.1. 
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Thermal simulation findings:  

Table 4.33 shows, HVAC load with solar and fabric heat gain, for H01, H02, H03, H04, H05 and H06 in 

all the considered orientations. All horizontal shading devices have greater fabric gain, than solar gain. 

They range between 2.82 and 7.25 times of the solar heat gain. 

Table 4.33 HVAC load and space heat gain from thermal simulation results of Horizontal shading devices for different 

orientations  

H01 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 8239 9966 10654 11407 11350 10833 10818 10826 9343.67 

Solar(Wh) 763 1094 1426 1247 1448 1178 893 338 231 957.56 

Fabric(Wh) 1569 3040 4378 5234 5776 5974 5773 6352 6499 4955.00 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -122 -5 -5 -5 -5 -5 -5 -5 -5 -18.00 

E
as

t 

HVAC(Wh) 0 8785 8900 9022 9938 10718 10810 10965 10671 8867.67 

Solar(Wh) 3679 2799 1661 512 487 561 474 338 231 1193.56 

Fabric(Wh) 993 1882 3077 4338 5269 5959 6170 6500 6345 4503.67 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -151 -5 -5 -5 -5 -5 -5 -5 -5 -21.22 

W
es

t 

HVAC(Wh) 0 6986 8340 9560 11414 12896 13690 13601 11538 9780.56 

Solar(Wh) 457 501 520 512 1504 2403 3207 2996 1211 1479.00 

Fabric(Wh) 1245 2377 3655 4873 5723 6291 6313 6473 6227 4797.44 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -14 -1 -1 -1 -1 -1 -1 -1 -1 -2.44 

H02 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 7565 9137 9814 10612 10682 10361 10132 10031 8703.78 

Solar(Wh) 775 1107 1440 1261 1461 1193 906 346 237 969.56 

Fabric(Wh) 1215 2353 3536 4381 4968 5291 5288 5658 5698 4265.33 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -113 -5 -5 -5 -5 -5 -5 -5 -5 -17.00 

E
as

t 

HVAC(Wh) 0 8589 8609 8552 9354 10057 10175 10220 9942 8388.67 

Solar(Wh) 3691 2812 1675 525 500 575 486 346 237 1205.22 

Fabric(Wh) 876 1672 2772 3855 4671 5283 5523 5746 5609 4000.78 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -145 -5 -5 -5 -5 -5 -5 -5 -5 -20.56 
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W
es

t 
HVAC(Wh) 0 6586 7820 8893 10679 12143 13048 12925 10917 9223.44 

Solar(Wh) 469 514 534 525 1517 2418 3219 3005 1217 1490.89 

Fabric(Wh) 1024 1963 3121 4192 4975 5523 5658 5788 5600 4204.89 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -13 -1 -1 -1 -1 -1 -1 -1 -1 -2.33 

H03 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 8147 9870 10559 11317 11247 10745 10755 10783 9269.22 

Solar(Wh) 678 1002 1330 1153 1359 1075 806 275 189 874.11 

Fabric(Wh) 1569 3040 4378 5234 5775 5973 5772 6352 6498 4954.56 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -122 -5 -5 -5 -5 -5 -5 -5 -5 -18.00 

E
as

t 

HVAC(Wh) 0 8693 8804 8927 9848 10614 10722 10903 10629 8793.33 

Solar(Wh) 3595 2707 1566 417 397 457 386 275 189 1109.89 

Fabric(Wh) 993 1882 3077 4338 5268 5958 6169 6500 6344 4503.22 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -150 -5 -5 -5 -5 -5 -5 -5 -5 -21.11 

W
es

t 

HVAC(Wh) 0 6889 8209 9392 11210 12657 13447 13365 11318 9609.67 

Solar(Wh) 373 409 424 417 1414 2300 3119 2934 1168 1395.33 

Fabric(Wh) 1245 2376 3623 4803 5614 6160 6161 6303 6054 4704.33 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -107 -5 -5 -5 -5 -5 -5 -5 -5 -16.33 

H04 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 8028 9746 10437 11201 11113 10632 10675 10727 9173.22 

Solar(Wh) 570 883 1207 1032 1243 942 694 195 134 766.67 

Fabric(Wh) 1568 3040 4377 5233 5775 5973 5772 6351 6497 4954.00 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -121 -5 -5 -5 -5 -5 -5 -5 -5 -17.89 

E
as

t 

HVAC(Wh) 0 8574 8680 8805 9732 10480 10609 10822 10573 8697.22 

Solar(Wh) 3487 2588 1442 296 282 325 274 195 134 1002.56 

Fabric(Wh) 993 1881 3077 4337 5268 5957 6169 6499 6344 4502.78 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -149 -5 -5 -5 -5 -5 -5 -5 -5 -21.00 
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W
es

t 
HVAC(Wh) 0 6774 8120 9344 11207 12659 13489 13457 11439 9609.89 

Solar(Wh) 265 290 301 296 1299 2167 3007 2854 1114 1288.11 

Fabric(Wh) 1245 2376 3654 4872 5722 6289 6311 6471 6226 4796.22 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -14 -1 -1 -1 -1 -1 -1 -1 -1 -2.44 

H05 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 7935 9650 10343 11110 11010 10544 10612 10684 9098.67 

Solar(Wh) 486 791 1111 937 1153 839 607 133 91 683.11 

Fabric(Wh) 1568 3039 4377 5233 5774 5972 5771 6351 6497 4953.56 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -120 -5 -5 -5 -5 -5 -5 -5 -5 -17.78 

E
as

t 

HVAC(Wh) 0 8481 8584 8711 9642 10377 10521 10760 10530 8622.89 

Solar(Wh) 3403 2496 1347 202 192 221 187 133 91 919.11 

Fabric(Wh) 993 1881 3076 4337 5267 5957 6168 6499 6343 4502.33 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -148 -5 -5 -5 -5 -5 -5 -5 -5 -20.89 

W
es

t 

HVAC(Wh) 0 6695 8038 9263 11130 12570 13414 13404 11402 9546.22 

Solar(Wh) 193 211 219 215 1222 2078 2932 2801 1077 1216.44 

Fabric(Wh) 1244 2376 3653 4871 5721 6289 6311 6471 6225 4795.67 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -14 -1 -1 -1 -1 -1 -1 -1 -1 -2.44 

H06 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 8046 9766 10457 11217 11138 10647 10676 10717 9184.89 

Solar(Wh) 618 936 1262 1086 1294 1001 744 231 158 814.44 

Fabric(Wh) 1568 3040 4378 5234 5775 5973 5772 6352 6498 4954.44 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3755 3755 3755 3755 3755 3755 3755 3755 3337.78 

Zonal(Wh) -121 -5 -5 -5 -5 -5 -5 -5 -5 -17.89 

E
as

t 

HVAC(Wh) 0 8592 8700 8825 9749 10505 10624 10823 10563 8709.00 

Solar(Wh) 3535 2641 1497 350 333 384 324 231 158 1050.33 

Fabric(Wh) 993 1882 3077 4338 5268 5958 6169 6500 6344 4503.22 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3755 3755 3755 3755 3755 3755 3755 3755 3337.78 

Zonal(Wh) -149 -5 -5 -5 -5 -5 -5 -5 -5 -21.00 
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W
es

t 
HVAC(Wh) 0 6793 8140 9363 11224 12683 13504 13459 11429 9621.67 

Solar(Wh) 313 343 356 350 1350 2226 3057 2890 1138 1335.89 

Fabric(Wh) 1245 2376 3654 4872 5723 6290 6312 6472 6226 4796.67 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3755 3755 3755 3755 3755 3755 3755 3755 3337.78 

Zonal(Wh) -14 -1 -1 -1 -1 -1 -1 -1 -1 -2.44 

 

Comparison of HVAC load and space heat gain for the different orientations: 

Comparing the five types of space heat gain of simulation results from Table 4.33, it is clear that, 

infiltration, internal and zonal gains show negligible change, irrespective of all considered horizontal 

shading devices, orientations and time. Therefore, only solar and fabric gain are discussed below. 

Comparing the three orientations of H01, from Figure 4.14(a) it is found that, all orientations gain higher 

HVAC load with time of day. After the early hours to mid day, South orientation shows the maximum 

gain of that period, compared to others. From the starting of the mid day, however, West orientation of 

H01 shows sharp rise, compared to the rest of the orientations. It reaches the highest HVAC load of the 

day, and remains much higher than others. At the end of the day, it also starts to fall very sharply, though 

remaining higher than the other orientations. HVAC load in the east orientation shows, maximum 

consistency with lower values, for most of the office hours. However, at the beginning of office time, it 

shows a marginally higher value, compared to other orientations. 

Figure 4.14(b) reports the solar gain for different orientations. East shows much higher values before 

noon, while west shows a sharp rise after 12.00hrs. During midday, solar heat gain remains highest on the 

south. The fabric heat gain (Figure 4.14(c) ) has a similar trend to the HVAC load, when comparing these 

values among the tested orientations, being the highest in the south, and lowest in the east, throughout the 

day. However these values remain very close, throughout the day. 

 
Figure: 4.14(a) HVAC during the day  for H01, 4.14(b) Solar heat gain during the day  for H01, 4.14(c) Fabric heat gain during 

the day  for H01 
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Like H01, all other horizontal shading device behaves similarly with time thermally, in all the considered 

orientations. Figure 4.15 to 4.19 represent the changes of HVAC load, solar and fabric heat gain with time 

of day. 

Figure: 4.15(a) HVAC during the day  for H02, 4.15(b) Solar heat gain during the day  for H02, 4.15(c) Fabric heat gain during 

the day  for H02 

Figure: 4.16(a) HVAC during the day  for H03, 4.16(b) Solar heat gain during the day  for H03, 4.16(c) Fabric heat gain during 

the day  for H03 

 

Figure: 4.17(a) HVAC during the day  for H04, 4.17(b) Solar heat gain during the day  for H04, 4.17(c) Fabric heat gain during 

the day  for H04 

Figure: 4.18(a) HVAC during the day  for H05, 4.18(b) Solar heat gain during the day  for H05, 4.18(c) Fabric heat gain during 

the day  for H05 
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Figure: 4.19(a) HVAC during the day  for H06, 4.19(b) Solar heat gain during the day  for H06, 4.19(c) Fabric heat gain during 

the day  for H06 

Average effect of orientation on HVAC load, fabric and solar heat gain of horizontal shading devices can 

be identified from Figure 4.20 to 4.25. It is clear from the Figures that all the orientations yield very 

similar trends.  
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Figure: 4.20Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for H01 

Figure: 4.21Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for H02 

Figure: 4.22Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for H03 

Figure: 4.23Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for H04 

Figure: 4.24Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for H05 

Figure: 4.25Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for H06 
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West orientation yields the highest average HVAC load and solar heat gain. It also affects average fabric 

heat gain, close to the south. South yields the highest fabric heat gain, and lowest solar heat gain, on 

average. As a result, south takes the second place for HVAC load, compared to the other orientations.  

Among the three orientations, east occupies the least average HVAC load, with fabric heat gain, and is 

thus the preferred orientation. 

4.3.1.2Vertical Shading Devices 

Only one model (Figure 3.17(g)) with selected vertical shading device, found in survey (Chapter 3), and 

numbered V01 (Section 3.2.1.1), was simulated for thermal energy efficiency analysis, in the three 

orientations- south, east and west, during the critical office hours of the day. The thermal simulation 

findings and their comparison are given below: 

Thermal simulation findings:  

Table 4.34 shows, HVAC load with solar and fabric heat gain, for the vertical shading device V01, in all 

the considered orientations. Like all horizontal shading devices, it has greater fabric gain than solar gain. 

It ranges between 3.68 to 6.26 times of solar heat gain. 

Table 4.34 HVAC load and space heat gain from thermal simulation results of Vertical shading device for different orientations 

  Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 8054 9773 10464 11226 11143 10657 10693 10739 9194.33 

Solar(Wh) 594 910 1234 1059 1269 971 719 213 146 790.56 

Fabric(Wh) 1568 3040 4377 5233 5775 5973 5772 6351 6497 4954.00 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -121 -5 -5 -5 -5 -5 -5 -5 -5 -17.89 

E
as

t 

HVAC(Wh) 0 8600 8708 8832 9758 10510 10634 10840 10585 8718.56 

Solar(Wh) 3511 2614 1470 323 308 354 299 213 146 1026.44 

Fabric(Wh) 993 1881 3077 4337 5268 5957 6169 6499 6344 4502.78 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -149 -5 -5 -5 -5 -5 -5 -5 -5 -21.00 

W
es

t 

HVAC(Wh) 0 6788 8134 9358 11220 12674 13502 13466 11445 9620.78 

Solar(Wh) 277 303 315 310 1312 2182 3020 2863 1120 1300.22 

Fabric(Wh) 1245 2376 3654 4872 5722 6290 6312 6472 6226 4796.56 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -14 -1 -1 -1 -1 -1 -1 -1 -1 -2.44 
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Comparison of HVAC load and space heat gain for different orientation: 

Comparing the five types of space heat gain of simulation results from Table 4.34, it is clear that, 

infiltration, internal and zonal gains show negligible change, irrespective of all considered orientations 

and time, like the tested horizontal shading devices. 

For solar and fabric heat gain, along with HVAC load, in Figure 4.26(a),(b) and (c),V01 shows a similar 

trend with time of day, as all the horizontal shading devices, for all the considered orientations, including 

the average results (Figure 4.27). 

Figure: 4.26(a) HVAC during the day  for V01, 4.26(b) Solar heat gain during the day  for V01, 4.26(c) Fabric heat gain during 

the day  for V01 

 

Figure: 4.27Effect of orientation on avg. HVAC load, fabric and solar heat gain for V01 

4.3.1.3Composite Shading Devices 

The three models with selected composite shading devices (Chapter 3), were simulated for thermal energy 

efficiency analysis, in the three orientations – south, east and west, during office hours. The thermal 

simulation findings, and their comparisons, are given below, with respect to individual cases of composite 

shading, numbered C01 to C03 (Figure 3.17(h)-(j)), which are described in detail in Section 3.2.1.1. 

Thermal simulation findings: Table 4.35 shows, HVAC load with solar and fabric heat gain for C01, 

C02 and C03, in all the considered orientations. Like all the tested horizontal and vertical shading 
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devices, these too have greater fabric gain, than solar gain, ranging between 3.44 to 6.56 times of the solar 

heat gain. 

 

Table 4.35 HVAC load and space heat gain from thermal simulation results of Composite shading device for different 

orientations 

C01 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 8147 9870 10559 11317 11247 10745 10755 10783 9269.22 

Solar(Wh) 678 1002 1330 1153 1359 1075 806 275 189 874.11 

Fabric(Wh) 1569 3040 4378 5234 5775 5973 5772 6352 6498 4954.56 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -122 -5 -5 -5 -5 -5 -5 -5 -5 -18.00 

E
as

t 

HVAC(Wh) 0 8693 8804 8927 9848 10614 10722 10903 10629 8793.33 

Solar(Wh) 3595 2707 1566 417 397 457 386 275 189 1109.89 

Fabric(Wh) 993 1882 3077 4338 5268 5958 6169 6500 6344 4503.22 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -150 -5 -5 -5 -5 -5 -5 -5 -5 -21.11 

W
es

t 

HVAC(Wh) 0 6893 8244 9466 11323 12792 13602 13538 11495 9705.89 

Solar(Wh) 373 409 424 417 1414 2300 3119 2934 1168 1395.33 

Fabric(Wh) 1245 2376 3654 4872 5723 6290 6312 6472 6226 4796.67 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -14 -1 -1 -1 -1 -1 -1 -1 -1 -2.44 

C02 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 8014 9732 10424 11187 11098 10619 10665 10721 9162.22 

Solar(Wh) 558 870 1193 1018 1230 927 681 187 128 754.67 

Fabric(Wh) 1568 3039 4377 5233 5774 5972 5771 6351 6497 4953.56 

Vent.(Wh) 263 320 377 387 398 414 382 343 311 355.00 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -128 -5 -5 -5 -5 -5 -5 -5 -5 -18.67 

E
as

t 

HVAC(Wh) 0 8560 8666 8791 9719 10465 10596 10813 10566 8686.22 

Solar(Wh) 3475 2575 1429 283 269 310 262 187 128 990.89 

Fabric(Wh) 993 1881 3076 4337 5267 5957 6168 6499 6343 4502.33 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -158 -5 -5 -5 -5 -5 -5 -5 -5 -22.00 
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W
es

t 
HVAC(Wh) 0 6761 8106 9330 11194 12644 13476 13448 11433 9599.11 

Solar(Wh) 253 277 287 283 1286 2152 2995 2845 1108 1276.22 

Fabric(Wh) 1245 2376 3654 4872 5722 6290 6312 6472 6226 4796.56 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -20 -1 -1 -1 -1 -1 -1 -1 -1 -3.11 

C03 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. 

S
ou

th
 

HVAC(Wh) 0 8014 9732 10424 11187 11098 10619 10666 10721 9162.33 

Solar(Wh) 558 870 1193 1018 1230 927 681 187 128 754.67 

Fabric(Wh) 1568 3040 4377 5233 5775 5973 5772 6351 6497 4954.00 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -121 -5 -5 -5 -5 -5 -5 -5 -5 -17.89 

E
as

t 

HVAC(Wh) 0 8560 8667 8792 9719 10466 10597 10813 10567 8686.78 

Solar(Wh) 3475 2575 1429 283 269 310 262 187 128 990.89 

Fabric(Wh) 993 1881 3077 4337 5268 5957 6169 6499 6344 4502.78 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -149 -5 -5 -5 -5 -5 -5 -5 -5 -21.00 

W
es

t 

HVAC(Wh) 0 6761 8106 9330 11194 12644 13476 13448 11433 9599.11 

Solar(Wh) 253 277 287 283 1286 2152 2995 2845 1108 1276.22 

Fabric(Wh) 1245 2376 3654 4872 5722 6289 6311 6471 6226 4796.22 

Vent.(Wh) 263 319 376 387 397 413 381 343 310 354.33 

Intern.(Wh) 0 3790 3790 3790 3790 3790 3790 3790 3790 3368.89 

Zonal(Wh) -14 -1 -1 -1 -1 -1 -1 -1 -1 -2.44 

 

Comparison of HVAC load and space heat gain for different orientation: 

Comparing the five types of space heat gain of simulation results, from Table 4.35, it is clear that, 

infiltration, internal and zonal gains show negligible change, irrespective of all considered composite 

shading devices, orientations and time, as was the case with all the tested horizontal and vertical shading 

devices. 

For solar and fabric heat gain, along with HVAC load, in Figure 4.28 to 4.30, C01, C02 and C03 show 

similar trends with time of day, to all the horizontal and vertical shading devices, for all orientations. 

Moreover, Figures 4.31, 4.32 and 4.33, which represent findings of the effects of orientation on average 

HVAC load, fabric and solar heat gain for the composite shadings, the findings are not different from 

horizontal and vertical shading devices. 
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Figure: 4.28(a) HVAC during the day  for C01, 4.28(b) Solar heat gain during the day  for C01, 4.28(c) Fabric heat gain during 

the day  for C01 

 

Figure: 4.29(a) HVAC during the day  for C02, 4.29(b) Solar heat gain during the day  for C02, 4.29(c) Fabric heat gain during 

the day  for C02 

 

Figure: 4.30(a) HVAC during the day  for C03, 4.30(b) Solar heat gain during the day  for C03, 4.30(c) Fabric heat gain during 

the day  for C03 
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Figure: 4.31Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for C01 

Figure: 4.32Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for C02 

Figure: 4.33Effect of orientation on 
avg. HVAC load, fabric and solar heat 
gain for C03 
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4.3.1.4 Summary of the findings from Comparative analysis of Thermal Effects on Orientations for 

different Shading Device 

Shading devices have greater fabric gain, than solar gain, in all tested orientations. Each shading device in 

all orientations follow, similar sharp rising trend of fabric heat gain almost throughout the day, 

characterizing very close values and similar variations. Solar heat gain remains much higher for south at 

mid day, for east at early hours and for west in the late afternoon hours. The rest of the time, east and west 

remain much more consistent, with lowest solar heat gain. HVAC load in the east orientation of shading 

devices, shows maximum consistency for most of the office hours, with lowest values. Therefore, from 

the analysis of section 4.3.1, it can be said that, the change of HVAC load with time of day, for each 

shading device, is highly influenced by solar heat gain of that time, along with fabric heat gain; as the rest 

of the criteria do not show much difference, among the tested orientations. From the results of Table 6.36, 

it can be said that west orientation is the worst case scenario for HVAC load, as well as solar heat gain, 

compared to the other tested orientations for all shading devices. Fabric heat gain is the highest in the 

south, and lowest in the east.  

Table 4.36 Thermal energy efficiency order of orientations according to performance rank 

performance HVAC load Fabric heat gain Solar heat gain 
best east east south 
intermediate south west east 
worst west south west 

 

4.3.2 Comparative analysis of Thermal Effects (HVAC load and space heat gain/loss) on Shading 

Devices for different Orientations 

After analyzing the effect of orientation on each shading device, this section compares the thermal 

efficiency of all horizontal, vertical and composite shading devices (Section 3.2.1.1),  for each considered 

(south, east and west) orientation separately. This comparison will help to select shading device types, for 

specific orientations. It will help to differentiate among space heat gain of the different shading devices. 

The combined effect of luminous efficiency, is not considered here, and will be dealt with in Section 4.4, 

which follows from the result in this section. 

4.3.2.1 South orientation 

Figure 4.34(a) shows, changes of solar heat gain with time, for the ten selected shading devices, in south 

orientation. From this Figure it is evident that, all shading devices show similar trend, with close values. 

All shading devices show sharp rise in the early hours. They gain the highest values at mid day, fluctuate 

a little, and then fall sharply. However, solar heat gain of H01 and H02 remain higher, compared to 
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others, during the entire day. Moreover, they yield similar solar heat gain levels, with time of day. In 

comparison to the rest, H05 yields the lowest solar heat gain, with time of day.  

For fabric heat gain in Figure 4.34(b), all shading devices follow a sharp rising trend, with time of day. 

Especially at early hours, the rise is much sharper, compared to the rest of the day. There is a little 

fluctuation in the late afternoon. H02, in comparison to the other tested shading devices, has lower values, 

while the rest of the devices yield similar trends, but with much higher fabric heat gain..  

 

 

Like Fabric heat gain, HVAC load in Figure 4.34(c) shows, similar sharp rising trends, with time. 

However, after mid day, these values start to fall and become consistent. The values of HVAC load, for 

all the tested devices, other than H02, remain very close throughout the day, while H02 shows distinctly 

lower HVAC loads throughout the day, compared to the others.  

From Figure 4.34(d), it can be said that, except for the case of H02, for south orientation, when 

comparing  all the criteria, average fabric heat gain remains almost constant. The average HVAC load and 

solar heat gains show negligible differences for the other shading devices. H02 shows noticeable 

difference compared to the others, with lowest average HVAC load and fabric heat gain, even though its 

solar heat gain is the highest. H01 shows solar heat gain close to H02, but has the highest fabric heat gain, 

as well as HVAC load. After H02, H05 performs the next best, followed by C02, C03, H04, H06 and V01 

respectively, which all show very close performance. The performance of H03 and C01 are the worst, for 

this orientation. 
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Figure: 4.34(a) Solar heat gain during the 
day  for south                                              

Figure: 4.34(b) Fabric heat 
gain during the day for south       

Figure: 4.34(c) HVAC load during the day 
for south                                              
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Figure: 4.34(d) comparison of HVAC load and space heat gain of different shading devices in south orientation 
 

4.3.2.2 East orientation 

Figures 4.35(a) to 4.35(d) show, solar, fabric heat gain, and HVAC load, with time of day, and average 

results for the ten selected shading devices, in the east orientation. In each Figure, all shading devices 

show similar trends of change, with time of day. For solar heat gain in Figure 4.35(a), there is a sharp fall 

at the early hours. From mid day, the values become much more consistent,  remaining very close 

throughout the day. However, values of H01 and H02 in the east remain higher, and H05 remain lower, 

compared to others. 

For fabric heat gain in Figure 4.35(b), all shading devices follow similar trends, of rise with time of day, 

as south orientation. All of them yield similar trends, and much higher fabric heat gain values, than that of 

H02. However, for the east, fluctuation is less compared to the south. 

Like Fabric heat gain, HVAC load (Figure 4.35(c)) shows a sharp rising trend, with time of day. It 

reaches a maximum value at mid day, and then it starts to fall gradually. The values of HVAC load 

remain very close, throughout the day, with H02 showing lower HVAC load, compared to others. At 
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early and last hours, HVAC load of all the shading devices show much more consistency, compared to 

mid day. 

 

 

 

Figure: 4.35(d) comparison of HVAC load and space heat gain of different shading devices in east orientation 

From Figure 4.35(d) it can be said that, except for the case of H02, for east orientation, when comparing 

all the criteria, average fabric heat gain remains almost constant. Even average HVAC load and solar heat 
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Figure: 4.35(c) HVAC load during the day  
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gain show negligible differences, among the other shading devices. H02 shows noticeable difference 

compared to the others, with lowest average HVAC load and fabric heat gain, even though its solar heat 

gain is the highest. H01 shows solar heat gain close to H02, but has the highest fabric heat gain, as well as 

HVAC load. After H02, H05 performs the next best, followed by C02, C03, H04, H06 and V01 

respectively, which all show very close performance. The performances of H03 and C01 are the worst, for 

this orientation. 

4.3.2.3 West orientation 

Figure 4.36(a) to 4.36(d) show, solar, fabric heat gain and HVAC load, with time of day, along with 

average results, for the ten selected shading devices, in the west orientation. In each Figure, all shading 

devices show similar trends of change, with time of day. For solar heat gain (Figure 4.36a), at early hours 

they remain constant, with lowest solar heat gain, and start sharp rise at mid day. Towards the end of the 

day, they start to fall very sharply. The values for all the shading devices remain very close, throughout 

the day. However, values of H01 and H02 remain higher, and of H05 remain lower, compared to the 

others. 

For fabric heat gain (Figure 4.36b, all shading devices give similar results, when on the east orientation. 

While, for the west after mid day, fabric heat gain remains almost constant, achieving the highest value, 

compared to the other orientations. 

Like Fabric heat gain, HVAC load (Figure 4.36c) shows very sharp rising trend, with time of day. After 

mid day, it achieves the highest HVAC load, and then it starts to fall sharply. The values of HVAC load 

remain very close, throughout the day, for most of the shading devices, with H02 yielding a slightly lower 

HVAC load, compared to the others. 
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From Figure 4.36(d), it can be said that, except for the case of H02, for east orientation when comparing 

all the criteria, average fabric heat gain remains almost constant. Even average HVAC loads and solar 

heat gain show negligible differences among the other shading devices. H02 shows noticeable difference 

compared to the others, with lowest average HVAC load and fabric heat gain, even though its solar heat 

gain is the highest. H01 shows solar heat gain close to H02, but has the highest fabric heat gain, as well as 

HVAC load. After H02, H05 performs the next best, followed by C02, C03, H04, H03, V01 and H06 

respectively, which all show very close performances. 

Figure: 4.36(d) comparison of HVAC load and space heat gain of different shading devices in west orientation 

4.3.2.4 Summary of the findings from Comparative analysis of Thermal Effects on Shading Devices 

for different Orientations 

From the analysis of this section, it can be said that, compared to other shading devices, H02 performs 

better, occupying lower fabric heat gain values, as well as HVAC load, throughout the day, in all the 

tested orientations. Though its solar heat gain remains higher all day long, the value is very close to that 

of others. As the day progresses, its performance for HVAC load improves. The rest of the shading 

devices show very close performances, under all criteria. Fabric heat gain rises sharply, up to mid day, 

and achieves the highest value and consistency, in the evening hours. HVAC load rises sharply up to the 

evening hours in the west, at mid day in the east, and up to mid day in the south. Rest of the time, south 

and east remain much more consistent, with little fluctuation, compared to their sharp rising hours. H01 

denotes solar heat gain lower but very close to H02 throughout the day, while for H05 it is the lowest. 
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Except H02, the rest of the shading devices, have very little variation in effect on fabric heat gain, for 

each tested orientation. There is also  negligible difference, in the average solar heat gain. Only H02 

shows noticeable difference compared to others, with lowest average HVAC load. The thermal efficiency 

of shading devices is summarized based on the above discussions, in Table 4.37, from the analysis of 

HVAC load (section 4.3.2), on a scale of 1-10, where 1is the best, 10is the worst.  

Table 4.37 Thermal energy efficiency order of shading devices according to performance rank(1- best to 10-worst) 

Performance 
rating 

1 2 3 4 5 6 7 8 9 10 

south H02 H05 C02 C03 H04 H06 V01 H03 C01 H01 
east H02 H05 C02 C03 H04 H06 V01 H03 C01 H01 
west H02 H05 C02 C03 H04 H03 V01 H06 C01 H01 
Colored shading devices show equal performance 

 

It is clear that the efficiency of the shading devices in respective orientations, on the basis of luminous 

effects of daylight (section 4.2.2.4  and 4.2.1.4) and thermal effects (section 4.3.2.4 and 4.3.1.4) do not 

match. The next section analyses the overall energy efficiency of daylight, on the basis of both the 

compromised effects of luminous and thermal considerations. 

4.4Energy Efficiency through Luminous vs. Thermal effects of Daylight  

In day lit buildings, the combined energy efficiency of shading device, depends on the combined results 

of its lighting/luminous and thermal energy efficiency. A shading device which occupies maximum 

balanced luminous and thermal energy efficiency together, compared to the others, can ensure maximum 

energy efficiency in total. In this research ratio of the area of glare free comfortable or acceptable 

illumination level per HVAC load, is considered as a defining criterion for combined energy efficiency. 

According to Section 4.2, the area of acceptable light zone or acceptable illumination level, ensures 

usable area under daylight condition. Hence, the ratio yields usable daylit area, per unit consumption of 

electricity, for HVAC load, ensuring energy balance. 

Energy Efficiency Ratio=Area of acceptable light zone(m²)/corresponding HVAC load(kWh) 

 The greater the value of the energy efficiency ratio for a shading device, in its orientation, that device in 

that specific orientation will ensure greater usable daylit area, per unit energy consumption. This has been 

discussed in section 3.2.4 in further detail. In daylit deep plan tall office buildings, the overall lighting or 

luminous efficiency (Section 4.2), is an extremely important criterion.  Based on the quantitative results 

of energy balance, derived from the daylight and thermal simulation in the previous sections, shading 

devices are analyzed in the following sections, to determine the most energy efficient one, considering 

their combined effects in confronting both thermal, as well as, lighting/luminous needs. 
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4.4.1 Comparative analysis of Energy Efficiency Ratio combining Luminous vs. Thermal Effects on 

Orientations for different Shading Device  

After analyzing the luminous and thermal effects of orientation, on each shading device, in sections 4.2.1 

and 4.3.1, this section analyzes its effect with time of day, on balancing total energy, considering both 

lighting and HVAC loads, for each shading device. This exercise will help to determine the most 

preferable orientation, under daylight conditions, that ensures maximum energy efficiency.  

4.4.1.1Horizontal Shading Devices 

Data derived, from daylight and thermal simulation results, on the six models, with the selected horizontal 

shading devices(Figure 3.17(a)-(f)), are used for total energy efficiency analysis, in the three tested 

orientations – south, east and west – during the critical office hours of the day. The findings of the 

ratio(area of acceptable light zone/HVAC load) and the comparison of changes, with time of day, in the 

considered orientations, are given below, with respect to the individual cases, numbered H01 to H06 

(described in Section 3.2.1.1). 

Findings of Energy Efficiency Ratio(area of acceptable light zone/HVAC load)   

Table 4.38 gives,  ratio (area of glare free comfortable or acceptable illumination level per HVAC load) 

for H01, H02, H03, H04, H05 and H06 in all the considered orientations.  

Table 4.38  Energy Efficiency Ratio (area of acceptable light zone/HVAC load) of Horizontal shading devices for different 

orientations 

H01 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of 
acceptable 
zone (≥300 to 
≤900 lux) 19.78 19.30 21.71 21.71 21.71 19.30 19.78 18.33 18.33   sqm 

HVAC load 0.00 8.24 9.97 10.65 11.41 11.35 10.83 10.82 10.83   kWh 

ratio * 2.34 2.18 2.04 1.90 1.70 1.83 1.69 1.69 1.92 
sqm/
kWh 

E
as

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 36.67 35.22 33.29 39.08 31.84 38.11 45.83 38.60 36.18   sqm 

HVAC load 0.00 8.79 8.90 9.02 9.94 10.72 10.81 10.97 10.67   kWh 

ratio * 4.01 3.74 4.33 3.20 3.56 4.24 3.52 3.39 3.75 
sqm/
kWh 

W
es

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 41.01 21.71 21.23 22.68 21.71 21.23 22.19 24.12 27.50   sqm 

HVAC load 0.00 6.99 8.34 9.56 11.41 12.90 13.69 13.60 11.54   kWh 

ratio * 3.11 2.55 2.37 1.90 1.65 1.62 1.77 2.38 2.17 
sqm/
kWh 
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H02 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 
S

ou
th

 
Area of 
acceptable zone 
(≥300 to ≤900 
lux) 30.88 43.90 43.42 41.01 43.42 42.94 31.36 26.05 26.54   sqm 

HVAC load 0.00 7.57 9.14 9.81 10.61 10.68 10.36 10.13 10.03   kWh 

ratio * 5.80 4.75 4.18 4.09 4.02 3.03 2.57 2.65 3.89 
sqm/
kWh 

E
as

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 34.74 37.15 26.05 25.57 26.05 22.68 23.64 22.19 20.75   sqm 

HVAC load 0.00 8.59 8.61 8.55 9.35 10.06 10.18 10.22 9.94   kWh 

ratio * 4.33 3.03 2.99 2.79 2.25 2.32 2.17 2.09 2.75 
sqm/
kWh 

W
es

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 23.16 24.61 24.12 25.09 25.09 35.22 34.74 26.54 7.72   sqm 

HVAC load 0.00 6.59 7.82 8.89 10.68 12.14 13.05 12.93 10.92   kWh 

ratio * 3.74 3.08 2.82 2.35 2.90 2.66 2.05 0.71 2.54 
sqm/
kWh 

H03 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 19.78 21.23 19.78 20.75 20.26 20.75 19.30 18.82 18.33   sqm 

HVAC load 0.00 8.15 9.87 10.56 11.32 11.25 10.75 10.76 10.78   kWh 

ratio * 2.61 2.00 1.96 1.79 1.84 1.80 1.75 1.70 1.93 
sqm/
kWh 

E
as

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 18.82 18.82 19.78 20.75 18.33 21.71 20.26 19.78 20.26   sqm 

HVAC load 0.00 8.69 8.80 8.93 9.85 10.61 10.72 10.90 10.63   kWh 

ratio * 2.16 2.25 2.32 1.86 2.05 1.89 1.81 1.91 2.03 
sqm/
kWh 

W
es

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 22.68 21.71 21.71 21.23 20.26 21.23 22.19 21.71 29.91   sqm 

HVAC load 0.00 6.89 8.21 9.39 11.21 12.66 13.45 13.37 11.32   kWh 

ratio * 3.15 2.64 2.26 1.81 1.68 1.65 1.62 2.64 2.18 
sqm/
kWh 

H04 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 19.78 18.33 21.23 20.75 20.75 18.82 19.78 18.82 19.30   sqm 

HVAC load 0.00 8.03 9.75 10.44 11.20 11.11 10.63 10.68 10.73   kWh 

ratio * 2.28 2.18 1.99 1.85 1.69 1.86 1.76 1.80 1.93 
sqm/
kWh 
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E
as

t 
Area of 
acceptable zone 
(≥300 to ≤900 
lux) 18.82 18.33 18.33 18.82 21.23 19.78 20.75 21.71 16.40   sqm 

HVAC load 0.00 8.57 8.68 8.81 9.73 10.48 10.61 10.82 10.57   kWh 

ratio * 2.14 2.11 2.14 2.18 1.89 1.96 2.01 1.55 2.00 
sqm/
kWh 

W
es

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 20.75 22.19 19.78 21.71 21.71 20.75 19.78 21.23 24.61   sqm 

HVAC load 0.00 6.77 8.12 9.34 11.21 12.66 13.49 13.46 11.44   kWh 

ratio * 3.28 2.44 2.32 1.94 1.64 1.47 1.58 2.15 2.10 
sqm/
kWh 

H05 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 18.33 16.89 17.85 18.33 18.33 18.33 18.33 17.37 18.33   sqm 

HVAC load 0.00 7.94 9.65 10.34 11.11 11.01 10.54 10.61 10.68   kWh 

ratio * 2.13 1.85 1.77 1.65 1.67 1.74 1.64 1.72 1.77 
sqm/
kWh 

E
as

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 20.26 16.89 15.44 14.47 17.37 15.92 18.33 15.44 7.24   sqm 

HVAC load 0.00 8.48 8.58 8.71 9.64 10.38 10.52 10.76 10.53   kWh 

ratio * 1.99 1.80 1.66 1.80 1.53 1.74 1.43 0.69 1.58 
sqm/
kWh 

W
es

t 

area of 
acceptable zone 
(≥300 to ≤900 
lux) 19.78 17.37 17.37 17.37 17.85 17.85 18.82 19.78 17.85   sqm 

HVAC load 0.00 6.70 8.04 9.26 11.13 12.57 13.41 13.40 11.40   kWh 

ratio * 2.59 2.16 1.88 1.60 1.42 1.40 1.48 1.57 1.76 
sqm/
kWh 

H06 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 18.82 20.75 18.82 20.26 18.82 20.75 18.33 18.33 19.30   sqm 

HVAC load 0.00 8.05 9.77 10.46 11.22 11.14 10.65 10.68 10.72   kWh 

ratio * 2.58 1.93 1.94 1.68 1.86 1.72 1.72 1.80 1.90 
sqm/
kWh 

E
as

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 21.71 20.75 21.23 22.68 21.71 22.19 23.64 23.64 24.12   sqm 

HVAC load 0.00 8.48 8.58 8.71 9.64 10.38 10.52 10.76 10.53   kWh 

ratio * 2.45 2.47 2.60 2.25 2.14 2.25 2.20 2.29 2.33 
sqm/
kWh 
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W
es

t 
area of 
acceptable zone 
(≥300 to ≤900 
lux) 22.19 22.68 21.71 22.68 20.26 21.23 21.71 20.26 30.88   sqm 

HVAC load 0.00 6.79 8.14 9.36 11.22 12.68 13.50 13.46 11.43   kWh 

ratio * 3.34 2.67 2.42 1.81 1.67 1.61 1.51 2.70 2.22 
sqm/
kWh 

*not counted for duration 
 
Comparison of Energy Efficiency Ratio for the different orientations: 

Figure 4.37,4.38 ,4.39,4.40,4.41 and 4.42, shows comparison of changes of the energy efficiency ratio 

(area of acceptable light zone/HVAC load) during office hours in the different orientations for 

H01,H02,H03,H04,H05 and H06.From the Figures it is evident that, only west orientation of all 

horizontal shading device, shows sharp falling trend of energy balance, with time of day. All considered 

orientations of H03, H04 and H05 show very close values and similar consistency, with negligible 

fluctuation during the day. Again, the performance of H01 and H06 with regard to the ratio is similar. 

However, east orientation shows much higher values of the energy efficiency ratio, throughout the day. 

For H01 the fluctuation range, when on east, is also high, compared to when on south and west.  H02 in 

Figure 4.38 shows a falling trend of energy balance, for all the orientations. However, H02 in south, 

yields an energy efficiency ratio much higher throughout the day, compared to the other studied 

orientations.  

 

Figure: 4.37Ratio during the day for H01   Figure: 4.38Ratio during the day for H02    Figure: 4.39Ratio during the day for H03 

Figure: 4.40Ratio during the day for H04    Figure: 4.41Ratio during the day for H05   Figure: 4.42Ratio during the day for H06 

0

1

2

3

4

5

6

9.
00

10
.0

0

11
.0

0

12
.0

0

13
.0

0

14
.0

0

15
.0

0

16
.0

0

17
.0

0

en
er

gy
 b

al
an

ce
 r

at
io

(s
q

m
/k

W
h

)

Time (hrs.)

South East West

0

1

2

3

4

5

6

9.
00

10
.0

0

11
.0

0

12
.0

0

13
.0

0

14
.0

0

15
.0

0

16
.0

0

17
.0

0

en
er

gy
 b

al
an

ce
 r

at
io

(s
q

m
/k

W
h

)

Time (hrs.)

South East West

0

1

2

3

4

5

6
9.

00

10
.0

0

11
.0

0

12
.0

0

13
.0

0

14
.0

0

15
.0

0

16
.0

0

17
.0

0

en
er

gy
 b

al
an

ce
 r

at
io

(s
q

m
/k

W
h

)

Time (hrs.)

South East West

0

1

2

3

4

5

6

9.
00

10
.0

0

11
.0

0

12
.0

0

13
.0

0

14
.0

0

15
.0

0

16
.0

0

17
.0

0

en
er

gy
 b

al
an

ce
 r

at
io

(s
q

m
/k

W
h

)

Time (hrs.)

South East West

0

1

2

3

4

5

6

9.
00

10
.0

0

11
.0

0

12
.0

0

13
.0

0

14
.0

0

15
.0

0

16
.0

0

17
.0

0

en
er

gy
 b

al
an

ce
 r

at
io

(s
q

m
/k

W
h

)

Time (hrs.)

South East West

0

1

2

3

4

5

6

9.
00

10
.0

0

11
.0

0

12
.0

0

13
.0

0

14
.0

0

15
.0

0

16
.0

0

17
.0

0

en
er

gy
 b

al
an

ce
 r

at
io

(s
q

m
/k

w
h

)

Time (hrs.)

South East West



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka                 Chapter: Four 
  
 

144 
 

Figures 4.43 to 4.48 show comparisons of the average ratio among the different tested orientations, for 

H01,H02, H03,H04,H05 and H06. From the figures, it is evident that all the shading devices do not 

perform equally, in specific orientations, thus revealing variations for the different tested orientations. The 

figures, therefore, do not indicate any conclusive  common energy-efficient orientation for horizontal 

shading devices. 

 

 

 

 

4.4.1.2Vertical Shading Devices 

Data derived from daylight and thermal simulation results, on the only one model, with the selected 

vertical shading device (Figure 3.17(g)) found in survey , numbered V01 (Section 3.2.1.1),  are used for 

total energy efficiency analysis, in the three tested orientations- south, east and west, during the critical 

office hours of the day. The findings of the energy efficiency ratio(area of acceptable light zone/HVAC 

load) and the comparison of changes with time of day, in the considered orientations are given below: 

Findings of Energy Efficiency Ratio  

Table 4.39 gives, efficiency ratio  (area of glare free comfortable or acceptable illumination level per 

HVAC load) for V01 in all the considered orientations.  
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Figure: 4.43comparison of avg. ratio of 
H01 in different orientations 

Figure: 4.44comparison of avg. ratio of 
H02 in different orientations 

Figure: 4.45comparison of avg. ratio of 
H03 in different orientations 

Figure: 4.46comparison of avg. ratio of 
H04 in different orientations 

Figure: 4.47comparison of avg. ratio of 
H05 in different orientations 

Figure: 4.48comparison of avg. ratio of 
H06 in different orientations 
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Table 4.39 Energy Efficiency Ratio(area of acceptable light zone/HVAC load) of Vertical shading devices for different 

orientations 

Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 20.26 19.78 20.75 19.78 21.23 18.82 20.75 19.30 18.33   sqm 

HVAC load 0.00 8.05 9.77 10.46 11.23 11.14 10.66 10.69 10.74   kWh 

ratio * 2.46 2.12 1.89 1.89 1.69 1.95 1.80 1.71 1.94 
sqm/
kWh 

E
as

t 

Area of 
acceptable zone 
(≥300 to ≤900 
lux) 20.26 17.85 18.82 18.33 19.78 19.30 19.30 20.26 15.44   sqm 

HVAC load 0.00 8.60 8.71 8.83 9.76 10.51 10.63 10.84 10.59   kWh 

ratio * 2.08 2.16 2.08 2.03 1.84 1.81 1.87 1.46 1.91 
sqm/
kWh 

W
es

t 

area of 
acceptable zone 
(≥300 to ≤900 
lux) 19.30 20.75 19.78 19.30 19.30 19.78 19.78 21.23 27.50   sqm 

HVAC load 0.00 6.79 8.13 9.36 11.22 12.67 13.50 13.47 11.45   kWh 

ratio * 3.06 2.43 2.06 1.72 1.56 1.47 1.58 2.40 2.03 
sqm/
kWh 

*not counted for duration 
 

Comparison of Energy Efficiency Ratio  for the different orientations: 

Figure 4.49 shows comparison, of changes of energy efficiency ratio(area of acceptable light 

zone/HVAC load), during office hours, in the different orientations for V01. It shows very close values, 

and similar consistency with negligible fluctuation throughout the day, for all considered orientations. 

Figure 4.50 shows comparison of the average ratio, among the different tested orientations for V01.  From 

the figure it is evident that west orientation indicates the highest ratio, compared to the rest of the 

orientations. East yields the least energy efficiency. 

  

Figure: 4.49Ratio during the day for V01        Figure: 4.50comparison of avg. ratio of V01in different orientations 
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4.4.1.3Composite Shading Devices 

Data, derived from daylight and thermal simulation results, of the three models, with the selected 

composite shading devices (Figure 3.17(h)-(j)), are used for total energy efficiency analysis, in the three 

tested orientations- south, east and west, during the critical office hours of the day. The findings of the 

energy efficiency ratio(area of acceptable light zone/HVAC load), and the comparison of changes, with 

time of day, in the considered orientations, are given below, with respect to the individual cases, 

numbered C01 to C03 (described in Section 3.2.1.1): 

Findings of Energy Efficiency Ratio  

Table 4.40 gives, energy efficiency ratio (area of glare free comfortable or acceptable illumination level 

per HVAC load) for C01, C02 and C03 in all the considered orientations.  

Table 4.40 Energy Efficiency Ratio(area of acceptable light zone/HVAC load) of Composite shading devices for different 

orientations 

C01 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of acceptable 
zone (≥300 to 
≤900 lux) 21.71 20.75 21.71 20.75 21.71 21.23 21.71 19.78 18.33   sqm 

HVAC load 0.00 8.15 9.87 10.56 11.32 11.25 10.75 10.76 10.78   kWh 

ratio * 2.55 2.20 1.96 1.92 1.89 2.02 1.84 1.70 2.01 
sqm/
kWh 

E
as

t 

Area of acceptable 
zone (≥300 to 
≤900 lux) 20.26 21.71 20.26 20.26 21.71 20.26 21.71 21.71 20.26   sqm 

HVAC load 0.00 8.69 8.80 8.93 9.85 10.61 10.72 10.90 10.63   kWh 

ratio * 2.50 2.30 2.27 2.20 1.91 2.02 1.99 1.91 2.14 
sqm/
kWh 

W
es

t 

area of acceptable 
zone (≥300 to 
≤900 lux) 21.71 20.26 21.71 20.26 20.26 20.75 20.26 23.16 28.95   sqm 

HVAC load 0.00 6.89 8.24 9.47 11.32 12.79 13.60 13.54 11.50   kWh 

ratio * 2.94 2.63 2.14 1.79 1.62 1.49 1.71 2.52 2.11 
sqm/
kWh 

C02 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of acceptable 
zone (≥300 to 
≤900 lux) 19.30 19.78 19.78 19.78 19.30 18.82 18.82 19.30 16.89 19.08 sqm 

HVAC load 0.00 8.01 9.73 10.42 11.19 11.10 10.62 10.67 10.72   kWh 

ratio * 2.47 2.03 1.90 1.73 1.70 1.77 1.81 1.58 1.87 
sqm/
kWh 

E
as

t 

Area of acceptable 
zone (≥300 to 
≤900 lux) 19.78 19.78 18.82 20.26 20.75 19.30 20.75 21.23 15.44   sqm 

HVAC load 0.00 8.56 8.67 8.79 9.72 10.47 10.60 10.81 10.57   kWh 

ratio * 2.31 2.17 2.30 2.13 1.84 1.96 1.96 1.46 2.02 
sqm/
kWh 
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W
es

t 
area of acceptable 
zone (≥300 to 
≤900 lux) 20.75 19.30 20.75 20.26 20.75 20.75 20.75 18.33 24.61   sqm 

HVAC load 0.00 6.76 8.11 9.33 11.19 12.64 13.48 13.45 11.43   kWh 

ratio * 2.85 2.56 2.17 1.85 1.64 1.54 1.36 2.15 2.02 
sqm/
kWh 

C03 Time(hrs.) 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 Avg. Unit 

S
ou

th
 

Area of acceptable 
zone (≥300 to 
≤900 lux) 19.30 21.23 18.33 19.78 19.78 18.33 17.37 16.89 15.44   sqm 

HVAC load 0.00 8.01 9.73 10.42 11.19 11.10 10.62 10.67 10.72   kWh 

ratio * 2.65 1.88 1.90 1.77 1.65 1.64 1.58 1.44 1.81 
sqm/
kWh 

E
as

t 

Area of acceptable 
zone (≥300 to 
≤900 lux) 21.23 21.23 20.75 20.75 20.75 20.26 21.71 21.23 15.44   sqm 

HVAC load 0.00 8.56 8.67 8.79 9.72 10.47 10.60 10.81 10.57   kWh 

ratio * 2.48 2.39 2.36 2.13 1.94 2.05 1.96 1.46 2.10 
sqm/
kWh 

W
es

t 

area of acceptable 
zone (≥300 to 
≤900 lux) 21.23 19.30 21.23 20.26 19.30 20.26 20.75 19.30 26.05   sqm 

HVAC load 0.00 6.76 8.11 9.33 11.19 12.64 13.48 13.45 11.43   kWh 

ratio * 2.85 2.62 2.17 1.72 1.60 1.54 1.44 2.28 2.03 
sqm/
kWh 

*not counted for duration 

Comparison of Energy Efficiency Ratio for the different orientations: 

Figure 4.51 to 4.53, shows comparison of changes of energy efficiency ratio(area of acceptable light 

zone/HVAC load),   during office hours, in the different orientations, for C01, C02 and C03.They show 

very close values and similar consistency, with negligible fluctuation throughout the day, for all 

considered orientations. 

Figure: 4.51Ratio during the day for C01   Figure: 4.52Ratio during the day for C02  Figure: 4.53Ratio during the day for C03 

Figures 4.54, 4.55and 4.56, show comparisons of the average ratio, among the different tested 

orientations, for C01, C02 and C03.From the figures, it is evident that all of the shading devices do not 

perform equally, in specific orientations, thus revealing variable  maximum value of energy efficiency 
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ratio, for the different tested orientations. The figures, therefore, do not indicate any conclusive common 

energy-efficient orientation, for composite shading devices. However, in all the figures, south orientation 

yields the least value of ratio, compared to that of the others, and is therefore least efficient. 

  

  

 

4.4.1.4 Summary of the findings from Comparative analysis of Energy Efficiency Ratio combining 

Luminous vs. Thermal Effects on Orientations for different Shading Device 

From the analysis of the above sections, it is evident that, except H01, H02 and H06, the rest of the 

shading devices show very similar trends, throughout the day, among all the tested orientations. Energy 

efficiency ratio for west orientation, of all tested shading devices, decreases sharply with time, compared 

to other orientations. However, for H02, all orientations fall similarly. The energy efficiency ratio of all 

shading devices in east and south orientation, remain much consistent throughout the entire day, 

compared to performance in the west. While the ratio of east for H01 and H06, and of south for H02, 

remain higher, compared to other orientation. East orientation for H01 also fluctuates sharply within 

higher range, than the rest of the orientations. Table 4.41 shows, preference of orientation from the 

comparison of average ratio for each shading device. 

Table 4.41 Energy efficiency order of orientations according to Energy Efficiency Ratio 

performance H01 H02 H03 H04 H05 H06 V01 C01 C02 C03 
best east south west west south east west east west- 

east 
east 

intermediate west east  east  east  west west south west west 
worst  south west south south east south east south south south 
*shading indicates difference in lighting efficiency order 

Selection of orientation 

In the Table 4.41, colored orientations show differences in total energy efficiency or efficiency ratio(area 

of acceptable light zone/HVAC  load ), from the Table 4.31 of lighting/luminous efficiency order. While 

analyzing lighting efficiency in Section 4.2, glare was acceptable, if the shading device performed better 

under the remaining three criteria of acceptable lighting zone area, maximum depth of light zone and dark 
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Figure: 4.54comparison of avg. ratio of 
C01in different orientations 

Figure: 4.55comparison of avg. ratio of 
C02in different orientations 

Figure: 4.56comparison of avg. ratio of 
C03in different orientations 
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zone of that orientation. Comparing the shaded orientations of Table 4.41 again, with the analysis of 

average results of the four criteria of lighting/luminous efficiency, it is evident that, for the shaded 

orientations, acceptance of glare decreases the corresponding efficiency ratio, and hence the total energy 

efficiency. Therefore, for daylit office buildings, the orientation of the tested shading devices should be 

selected according to the performance order of Table 4.41. Moreover, in these cases, the area of 

acceptable lighting zone, denoting usable area of comfortable illumination level among tested 

orientations, show very close values. However, for C02, east and west orientation results in equal energy 

efficiency. Therefore, west orientation should be more preferred than east, following its lighting/luminous 

efficiency order of the Table 4.31, in this case. 

4.4.2 Comparative analysis of Energy Efficiency Ratio combining Luminous vs. Thermal Effects on 

Shading Devices for different Orientations  

After analyzing the effect of orientation on each shading device in Section 4.4.1, this section analyzes the 

total energy efficiency, with respect to both lighting and HVAC load, of all the shading devices, for each 

considered orientation. This study will help to determine the most energy efficient shading device, for a 

specific orientation, under daylight conditions.  

4.4.2.1 South orientation 

Figure 4.57(a) shows, changes of energy efficiency ratio(area of acceptable light zone/HVAC  load), with 

considered time of the day, for the ten selected shading devices(Figures 3.17(a)-(j)) in the south 

orientation. From this Figure it is evident that, all shading devices show similar falling trend of less value 

of energy efficiency ratio, with time. Only H02 occupies significantly higher ratio of energy balance with 

sharp fall throughout the day. Except H02, the other shading devices show very close values, with 

negligible difference. Therefore, their energy balance or total energy efficiency trend can be considered 

almost constant during the day.  

 
Figure: 4.57(a) Ratio during the day for south       Figure: 4.57(b) comparison of avg. ratio of different shading        devices in 

south orientation       
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From Figure 4.57(b) it can be said that for south orientation, H02 shows noticeable difference from the 

others, resulting with high average energy efficiency ratio. Rest of the shading devices have very close 

values, but much lower than H02. After H02, C01 performs the next best, followed by V01, H03, H04, 

H01, H06, C02 and C03 respectively. The performance of H05 is the worst for this orientation.                              

4.4.2.2 East orientation 

Figure 4.58(a) shows changes of  energy efficiency ratio (area of acceptable light zone/HVAC  load) with 

considered time of the day, for the ten selected shading devices (Figure 3.17(a)-(j)) in the east orientation. 

H01 shows maximum fluctuation and ratio, throughout the day. However, it remains consistent, within its 

range. While H02 occupies the second highest ratio, with sharp fall compared to others, and H05 occupies 

the least value. The rest of the shading devices show negligible differences. Moreover, their energy 

balance trend can be considered almost constant, with very similar fluctuations, throughout the day.  

  

 Figure: 4.58(a) Ratio during the day for east            Figure: 4.58(b) comparison of avg. ratio of different shading     devices in 

east orientation 

From Figure 4.58(b) it can be said that for east orientation, H01, H02, H05 and H06 shows noticeable 

difference compared to others. H01 yields the highest ratio. Energy efficiency ratio of H02, is also 

significantly high, compared to that of the others. The rest of the shading devices have similar values and 

close performance. After H02, H06 performs the next best, followed by C01, C03, H03, C02, H04 and 

V01 respectively. The performance of H05 is the worst for this orientation. 

4.4.2.3 West orientation 

Figure 4.59(a) shows changes of energy efficiency ratio(area of acceptable light zone/HVAC  load), with 

considered time of the day for the ten selected shading devices(Figures 3.17(a)-(j)), in the west 

orientation. In the west, all shading devices show similar sharp falling trend of the ratio with time. Only 

H02 occupies the highest energy balance throughout the day, especially after mid day. Except H02, the 
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others show negligible difference and fluctuation for most of the office hours. While H05 yields the 

lowest value, and is therefore seemed the least efficient. 

  

Figure: 4.59(a) Ratio during the day for west  Figure: 4.59(b) comparison of avg. ratio of different shading devices  in west 

orientation 

From Figure 4.59(b), it can be said that for west orientation, only H02 and H05 shows noticeable 

difference compared to the others. H02 yields the highest ratio. The rest of the shading devices, denote 

close values to each other. After H02, H06 performs the next best, followed by H03, H01, C01, H04, 

V01, C03 and C02 respectively. The performance of H05 is the worst for this orientation. 

4.4.2.4 Summary of the findings from Comparative analysis of Energy Efficiency Ratio combining 

Luminous vs. Thermal Effects on Shading Devices for different Orientations 

From the analysis of the above section, it is evident that, H02 shows sharper decreasing trend with time, 

in all the tested orientations. However, it occupies much higher value of the energy efficiency ratio(area 

of acceptable light zone/HVAC  load) with fluctuation throughout the day.H01 behaves similarly in the 

east, but it shows consistency with time of the day, within its range; While H05 denotes the least value of 

the ratio, for all the tested orientations. H02 shows noticeable difference, for average ratio, from others in 

all tested orientations. Values of H01, H05 and H06 in the east and H05 in the west are also a little 

striking. Table 4.42 shows, the preference of shading devices, from the comparison of average energy 

efficiency ratio for each tested orientations, (section 4.4.2), on a scale of 1-10, where 1is the best, 10is the 

worst.  

Table 4.42 Energy efficiency order of shading devices according to the performance rank of energy efficiency ratio(area of 

acceptable light zone/HVAC  load) 

Performance 
rating 1 2 3 4 5 6 7 8 9 10 
South H02 C01 V01 H03 H04 H01 H06 C02 C03 H05 
East H01 H02 H06 C01 C03 H03 C02 H04 V01 H05 
West H02 H06 H03 H01 C01 H04 V01 C03 C02 H05 
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Selection of shading device 

In Table 4.42, colored shading devices show different performance, from the Table 4.32 of 

lighting/luminous efficiency order. However, for daylit office building, shading device should be selected 

for each orientation, according to the performance order of Table 4.42, as it combines, effects of thermal 

conditions with luminous effects. This is discussed in section 4.4.1.4, when discussing shading device 

selection for different orientations. The performance of H02 in South is significantly superior to the other 

tested shading devices in this orientation. This is also the preferred device in West orientation, where the 

HVAC load is the maximum. The lumino-thermo considerations allow glare zones in the preference, as 

glare zones can be utilized by proper task-observer relationship. So, rearrangement of the layout allows 

proper use of the glare zone(section 2.3.3)  [1].Another reason for this remarkable performance of H02 is 

understood to be the gaps in this louvered sunshade, which allows air movement, causing any trapped 

heat to dissipate from the building curtain wall(section 2.4.2.2) [2], thereby decreasing the cooling load 

and increasing energy efficiency. 

4.5Conclusion 

In this chapter, verification of the performance of shading devices has been done phase by phase, to 

determine the ultimate energy efficient shading device, and to select its orientation for daylit tall office 

buildings of Dhaka. Based on the observations made in this analysis, it is evident that considering 

luminous or thermal performance alone, cannot judge the total energy efficiency of shading device for 

each orientation. To ensure energy efficient shading, along with lighting/luminous efficiency, thermal 

efficiency of HVAC load and their energy balance must be screened. This has been done using the energy 

efficiency ratio , it would be possible to acquire the maximum benefits of daylight, while controlling heat 

gain, and achieving balanced energy efficiency(area of acceptable light zone/HVAC load). 
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CHAPTER: FIVE  

CONCLUSIONS AND RECOMMENDATION 

5.1 Introduction 

External fixed Shading devices, are a significant passive means of solar control, in overheated periods. 

Shading devices are seen to alter, the proportions of light zones (direct sun light and diffuse light zone) 

and dark zones (artificial light zones), within interiors. At present, through large curtain glass envelope of 

tall office buildings, with natural light, especially direct sunlight, inclusion of unwanted heat is increasing 

the HVAC load, with thermal discomfort, and consequent energy consumption. Over-lit, or glare area, 

can hamper visual comfort. Using Shading devices to control daylight, can reduce the building’s use of 

electric light, and HVAC load, reducing peak energy use, as well as total energy consumption   Therefore, 

understanding the combined luminous and thermal effects of light zones for shading devices, at different 

orientations, may act as one of the tools, of assessing energy efficiency, in future offices in Dhaka, and 

similar tropical areas. 

In this thesis, the theoretical basis (Chapter 2) and the methodology of simulation study with field survey 

(Chapter 3) were discussed, to select the parameters of simulation model, and to fix assessment criteria of 

energy efficiency. It also helped to derive the maximum depth, up to which acceptable illumination level 

of daylight reaches, which is the depth of light zone, for tall office buildings of Dhaka, considering the 

climatic context. From field survey, ten selected shading devices, found in tall office buildings of Dhaka 

in the present context, were evaluated through daylight and thermal simulation at south, east and west 

orientations. The analysis process of Chapter 4, constitutes comparison at orientations for each shading 

device, under four phases.  

In the first phase (section 4.2), the daylight simulation helped to identify the lighting or luminous 

efficiency, of the tested shading devices, through area of acceptable illumination level, over- lit area or 

glare zone, under-lit area or dark zone, necessitating artificial light, and the maximum depth of acceptable 

illumination level or light zone. In the second phase (section 4.3), the thermal simulation helped to 

identify the thermal energy efficiency of the shading devices, through different types of space heat gain 

and total HVAC load. It also helped to cross check, the efficiency of daylight simulation results.  In the 

third phase(section 4.4), from the simulation results, their energy balance using an energy efficiency ratio 

of area of acceptable illumination level per HVAC load, was then calculated, to find out the energy 

efficiency, considering luminous vs. thermal efficiency. In the final phase, the energy efficiency of the 
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shading devices were again cross checked, with lighting/luminous efficiency, to determine the most 

energy efficient shading device and their best suited orientation. This Chapter summarizes the research, 

mentioning the achievement of the objectives which was mentioned at the outset (section 1.3) and will 

provide some recommendations for the selection of energy efficient shading of tall office buildings, to 

increase their energy efficiency through different aspects of daylighting and HVAC load. It concludes 

with highlighting areas of further research. 

5.2 Achievements of the objectives 

The objectives of the research, developed in Chapter 1, are re-stated as following: 

Objective 1: To identify the efficiency of shading device for different orientations in respect to lighting. 

Objective 2: To evaluate their thermal energy efficiency on the basis of HVAC loads. 

Objective 3: To assess the overall energy efficiency of shading devices for each specific orientation, 

through the comparative benefits of the daylight received vs. HVAC loads, to determine the most 

effective one. 

Objective 4: To propose guidelines to increase efficiency of shading devices, from different aspects of 

daylighting and HVAC loads, or luminous and thermal effects.  

The findings of objective 1 are already discussed in Sections 4.2.1.4 and 4.2.2.4, objective 2 in section 

4.3.1.4 and 4.3.2.4 and objective 3 in section 4.4.1.4 and 4.4.2.4. The analysis of these sections in Chapter 

4 clarifies that, luminous or thermal energy efficiency or even the energy efficiency ratio(area of accepted 

illumination level per HVAC load) for energy balance individually, cannot determine the energy efficient 

shading, and its suitable orientation. Moreover, considerations of a combination of all these criteria 

together, is required to determine energy efficient shading. The findings of the study emphases the 

importance of the area of acceptable zone, providing glare free comfortable illumination level( ≥300 to 

≤900 lux), for evaluating overall lighting/luminous efficiency, i.e. depth of light zone (up to 300lux), area 

of glare (>900 lux) and dark zone (<300 lux) of shading devices. Objective 4 is discussed in this Chapter. 

5.3 Limitations 

The following limitations have been identified in this investigation: 

 The study is based only on the performance, of shading devices (Figure 5.1) found in use in 

buildings during the survey, discussed in section 3.2.1.2. Change of the parameters, or 

relationship among different geometrical elements of these shading devices, may yield variation 

in the results generated in the investigation.. 
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 The results are derived from the simulation analysis of a generalized module, characterizing high 

skin to volume ratio for deep plan office. With the change of skin to volume ratio exposed to 

solar radiation- values of the area of different illumination range, HVAC load and space heat gain 

may vary. However, this issue has no impact on the efficiency assessment of shading devices 

through comparative analysis. 

 The study concentrates only on tall office buildings. Investigations of different building types, 

with less openness in plan, may yield different results. 

 

 

 
Figure 5.1: simulation models with different types of horizontal, vertical and composite shading devices     

     

 

 5.4 Recommendations 

The recommendations of this section are derived from the results of section 4.2.1.4, 4.2.2.4, 4.3.1.4, 

4.3.2.4, 4.4.1.4 and 4.4.2.4. From the combination of all these, the following recommendations were 

drawn to select and design shading devices for tall office buildings of Dhaka. 

concrete cornice 
(H01) 

aluminum louvered cornice 
with concrete boundary(H02) 

horizontal aluminum louvered 
overhang(H03) 

horizontal aluminum louvered  
screen(H04) 

horizontal angled aluminum 
louvered  screen(H05) 

horizontal concrete  
louvers(H06) 

vertical aluminum louvered   
screen(V01) 

diagonal (clock wise) aluminum 
louvered screen(C03) 

Eggcrate aluminum 
louvered screen(C01) 

diagonal (anti-clock wise) 
aluminum louvered   screen(C02) 
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5.4.1 Selection of energy efficient orientation  

All the tested shading devices (except cornice type-H01, H02) yield very similar characteristics for 

luminous (Section 4.2.1.4) and thermal effects (Section 4.3.1.4) individually, and also in respect to both 

(Section 4.4.1.4), among the tested orientations. Therefore, any orientation can be preferred for all the 

tested shading devices (except cornice type-H01, H02), in general. More specifically, the orientations 

should be chosen according to the order shown in Table 5.1, justified in Section 4.4.1.4. Among the 

considered orientations, all the tested shading devices (except cornice type-H01, H02) yield the most 

consistent performance in the south and east orientation, all day long.  

 

 

Table 5.1 selection order of tested orientations for each shading devices  

Preference 
of 

orientation 

concrete 
cornice 
(H01) 

aluminum 
louvered 
cornice 

with 
concrete 
boundary 

(H02) 

horizontal 
aluminum 
louvered 
overhang 

(H03) 

horizontal 
aluminum 
louvered  
screen 
(H04) 

horizontal 
angled 

aluminum 
louvered  
screen 
(H05) 

horizontal 
concrete 
louvers 
(H06) 

vertical 
aluminum 
louvered   
screen 
(V01) 

eggcrate 
aluminum 
louvered 
screen 
(C01) 

diagonal 
(anti-clock 

wise) 
aluminum 
louvered   
screen 
(C02) 

diagonal 
(clock 
wise) 

aluminum 
louvered 
screen 
(C03) 

best east south west west south east west east west east 
intermediate west east  east  east  west west south west east west 
worst
  

south west south south east south east south south south 

 

 

5.4.2Selection of energy efficient shading devices  

Except concrete cornice(H01) for east orientation, and aluminum louvered cornice with concrete 

boundary(H02) for all orientations, selection of the rest of the shading devices, do not differ much, for the 

area of acceptable illumination level, maximum depth of light zone, HVAC load and energy efficiency 

ratio of total energy balance of each orientation. Any of them can be selected, for any orientation and 

time, due to similarity in performance of area of acceptable illumination level, and of maximum depth of 

light zone. This is especially true for Horizontal Aluminum louvered overhang (H03), Horizontal 

Aluminum louvered screen (H04), Horizontal Concrete louvers (H06), Vertical Aluminum louvered   

screen (V01) , Diagonal (anti-clock wise) Aluminum louvered   screen (C02) and Diagonal (clock wise) 

Aluminum louvered screen (C03), under all the selected criteria of lighting efficiency. However, Table 

5.2 presents an order for selection of shading device for different orientations, considering overall energy 

efficiency, ranking them from 1(best) to 10(worst), based on the results of this study. 
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Table 5.2 selection order of shading devices for tested orientations 

Selection order south east west 
1 aluminum louvered cornice 

with concrete boundary 
(H02) 

concrete cornice(H01) aluminum louvered cornice 
with concrete boundary(H02) 

2 eggcrate aluminum louvered 
screen(C01) 
 

aluminum louvered cornice 
with concrete boundary(H02) 

horizontal concrete louvers 
(H06) 

3 vertical aluminum louvered   
screen(V01) 

horizontal concrete 
louvers(H06) 

horizontal aluminum louvered 
overhang(H03) 

4 horizontal aluminum louvered 
overhang(H03) 
 

eggcrate aluminum louvered 
screen(C01) 

concrete cornice(H01) 

5 horizontal aluminum louvered 
screen(H04) 
 

diagonal (clock wise) 
aluminum louvered 
screen(C03) 

eggcrate aluminum louvered 
screen(C01) 

6 concrete cornice(H01) 
 

horizontal aluminum louvered 
overhang(H03) 
 

horizontal aluminum louvered  
screen(H04) 

7 horizontal concrete 
louvers(H06) 
 

diagonal (anti-clock wise) 
aluminum louvered   
screen(C02) 
 

vertical aluminum louvered   
screen(V01) 

8 diagonal (anti-clock wise) 
aluminum louvered   
screen(C02) 
 

horizontal aluminum louvered  
screen(H04) 

diagonal (clock wise) 
aluminum louvered 
screen(C03) 

9 diagonal (clock wise) 
aluminum louvered 
screen(C03) 
 

vertical aluminum louvered   
screen(V01) 
 

diagonal (anti-clock wise) 
aluminum louvered   
screen(C02) 

10 horizontal angled aluminum 
louvered screen(H05) 
 

horizontal angled aluminum 
louvered screen(H05) 
 

horizontal angled aluminum 
louvered screen(H05) 
 

  

Among the tested shading devices mentioned in Table 5.2, Concrete cornice (H01), Aluminum louvered 

cornice with concrete boundary (H02) and horizontal angled aluminum louvered screen (H05) behave 

differently from the rest. The following recommendations are significant for different shading devices, 

analyzing the findings from Table 5.2: 

1. Aluminum louvered cornice with concrete boundary (H02), should be the most preferable 

shading device, especially for south and west orientations. It performs the best, ensuring the most 

noticeable and maximum lighting efficiency, thermal energy efficiency of HVAC load and 

energy efficiency ratio with respect to both luminous and thermal effects, throughout the day. 

However, its glare zone and solar heat gain needs to be controlled, to increase its efficiency 

further. Its change of luminous effects, with time, should be taken into account, to prevent the fast 

decreasing rate of area of acceptable illumination level per HVAC load.  
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2. The combination of material and geometrical arrangement of aluminum louvered cornice with 

concrete boundary(H02), can be taken into account as an example for minimizing fabric heat 

gain(Figure 4.34d, 4.35d, 4.36d), increasing its overall efficiency. Comparing H02 with H01, it 

can be seen that H02 is simply the perforated version of  H01, using aluminum louvers in place of 

solid concrete cornice. The horizontal aluminum louvers of H02, in a horizontal plane, allows 

wind to pass through (Section 2.4.2.2) [1], and helps to minimize the collection of hot air next to 

the windows. As a result, it also helps to save the curtain glass of the window from being heated 

through conduction process, by the outdoor adjacent trapped hot air. This comparatively low 

tempered glass, prevents the increase of indoor air temperature. Therefore, the cooling load 

decreases, characterizing noticeable thermal energy efficiency. Moreover, though H01 and H02 

both helps to reach acceptable illumination level up to deeper spatial depth, compared to others, 

the aluminum of H02 helps to reflect daylight further into the interior, compared to the concrete 

cornice of H01. Therefore, area of  acceptable illumination level and its depth, area of overlit or 

glare zone, all these variables show greater values(Figure 4.11e,4.12e,4.13e), characterizing 

greater lighting efficiency, in the south and west orientation, for H02. In the east, its performance 

is also significant, but less efficient compared to bare solid concrete cornice(H01). The highest 

solar heat gain, with glare, of concrete cornice (H01), needs to be minimized, to increase overall 

energy efficiency. Measures also needs to be taken, for both these shading devices, to ensure 

consistency in performance, throughout the day.  

3. Arrangement of horizontal aluminum louvers in horizontal plane (i.e. H02), should be preferred, 

to that in vertical plane (i.e.H03, H04, H05), considering both lighting and thermal energy 

efficiency. Moreover, the arrangement of horizontal louvers in horizontal plane, is suitable, 

compared to the vertical and diagonal/egg-crate ones(i.e.V01,C01,C02,C03) in vertical plane. 

4. Single concrete cornice (H01), should be preferred to horizontal concrete louvers containing 

multiple number of cornices (H06), for the south and east orientation, considering overall energy 

efficiency. Multiple number helps to reduce over-lit or glare prone area and solar heat gain, 

increasing thermal energy efficiency. But for both south and east orientations, it significantly 

reduces area of acceptable illumination level, compared to the increase of thermal energy 

efficiency. On the other hand, in west orientation, multiple number of louvers ensures glare and 

solar gain control, with increased overall energy efficiency ratio. Therefore, using multiple 

number of louvers is beneficial, for the west orientation only. 

5. Aluminum louvered screens <1800angle(H05) is less beneficial than those of 1800 (H04),though, 

both are preferable for daylighting in shallow plan(not more than 2 times of the aperture head 

height ,calculated from simulation results of Appendix A4) open spaces. Horizontal aluminum 
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louvered screens <1800angle (H05) acts the best for glare control and solar heat gain as well as 

thermal energy efficiency. It also ensures maximum consistency of lighting characteristics.  

6. 1800 horizontal aluminum louvers (i.e. H03 and H04) can be added, with bare concrete cornice 

(i.e.H01), in vertical planes, to increase energy efficiency. Extension of covering vertical plane, 

by horizontal aluminum louvers, helps to decrease solar heat gain, along with over-lit zone 

control. However, its adverse effect on daylight zone of accepted illumination level and under-lit 

zone, needs to be taken into account, to increase energy efficiency. 

5.4.3 Guidelines to increase Energy Efficiency  

Dark zone reduction  

To increase overall energy efficiency of shading devices, under-lit zone needs to be reduced, through the 

reduction of depth in office space. Reduction of under-lit or dark zone, can ensure reduction of artificial 

light use. Moreover, reduction of dark zone, minimizes the extra volume for HVAC load, increasing 

overall energy efficiency. The depth of office space should be limited from 1.5 to 3.5 times of the 

aperture head height(calculated from maximum depth of 300lux, for tested shading devices in Appendix 

4) or 2.5 times of the aperture head height on average. Among the tested shading devices, for cornice type 

(H01 and H02) shading devices, office space can be considered up to the maximum spatial depth. 

Glare control  

No tested shading device is devoid of glare. Therefore controlling glare will increase energy efficiency of 

tall office buildings ensuring comfort. All the tested shading devices perform, as the most efficient for 

lighting on the western orientation (Table 4.31), assuming glare zone can be utilized. On the other hand, 

all the tested shading devices perform the worst on the west with decreasing performance, for thermal 

energy efficiency, i.e. the highest HVAC load, solar heat gain and energy balance. A clear conflict is 

apparent. Change of performance ranking in Table 4.41 from 4.31 clarifies that, the conflict also affects 

overall energy efficiency of some of the tested shading devices, particularly for west orientation. For the 

orientations of these types of shading devices the following measures should be taken: 

 For functional layout in the interior, depth of the glare zone needs to be taken into account. 

(According to the simulation results of Appendix 4 calculated) The depth of glare zone for these 

tested shading devices varies approximately from 1.25 to 1.75 times of the aperture head height. 

This is particularly applicable on the southern orientation, for its consistency in lighting along 

with solar heat gain.  

 Operable measures should be taken to control glare with solar heat gain in the east at early hours, 

in the south around mid day and in the west in late afternoon hours. Again, because of reverse 
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rising character of east and west orientation, the similar shading system is workable both for east 

at early hours and west at late afternoon hours. But, more acute control measures are needed for 

west orientation. In this regard, it must be taken into account that the movable shading devices 

must not minimize the advantages of luminous effects.  

 For cornice type (H01, H02) shading device, it is of utmost importance to use the glare zone at 

least by changing furniture layout[2], because of greater glare prone area compared to dark zone 

(Section 4.1.1.4). Particularly, in the west, glare zone must be utilized, as it is even greater than 

acceptable zone. 

HVAC load minimization 

Among the types of space heat gain of HVAC load, solar and fabric heat gain yields the most significant 

changes for shading device. According to Table 4.36, south orientated shading devices is the best, 

considering its lowest solar heat gain. While, for deep plan office, south orientated shading devices, with 

maximum area of east west facade of office space, occupies the highest fabric heat gain, increasing 

HVAC load. On the other hand, east orientated shading devices having maximum north and south façade 

of office space, occupies the highest thermal energy efficiency, characterizing the least HVAC load and 

fabric heat gain. However, east orientated shading devices causes greater solar heat gain, compared to the 

southern ones. Therefore, for this type of high skin to volume ratio of deep plan space, the selection of 

shading devices for minimizing solar and fabric heat gain can increase the total energy efficiency of the 

space. But along with shading, ratio of skin to volume must be taken into account, for significant results. 

Especially at last hours of the day measures must be taken to control these adverse effects of thermal gain. 

5.5 Conclusion 

This research tries to determine energy efficient shading,  for tall office buildings of Dhaka, through 

thermo-luminal comparative analysis. This research shows that instead of the typical cornice type 

shading, that is normally used in the south, it is the aluminum louvered shading, that is found to be 

significantly more efficient, particularly for south and east orientations. However, the result of Table 5.1 

and 5.2, challenges conventional understanding of shading types.  It is conventionally understood that, 

horizontal type shading devices are used in south, vertical  in the east and west, while egg-crate shades are 

used in the east, west, south-east and south-west (Section 2.5). Behind this, one of the reasons is, in this 

research glare or overlit zone has been tolerated, when the other considered variables of lighting 

efficiency show favorable results. Another reason is that, though the tested shading devices are of 

horizontal, vertical and composite type, some of them  are attached to the facade with a extended concrete 

cornice. As a result, they may work as a composite or horizontal shading system, together.  
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In this thesis, some basic strategies have been discussed, which can easily be implemented, if Architects 

are aware about these issues, during design and selection of shading devices. At present the necessity to 

reduce the energy consumption in office buildings is an important issue in Bangladesh, particularly in 

Dhaka. It is hoped that, the research can be used as a basis, to increase the energy efficiency of the 

shading, as well as of the daylit office buildings in the tropics. 

5.6 Suggestions for further research: 

Some of the most important areas that need to be explored in future, with special reference to recent 

office buildings of Dhaka, and indeed Bangladesh, are summarized below: 

1. More research is needed for different shading devices, to fix contextual comfort levels of the 

office workers for daylight, artificial light with thermal effects and their combined impact on the 

total energy efficiency. 

2. Performance of different glare control measures with shading devices need be explored to 

improve the energy efficiency. 

3. Parametric study of each shading devices can be done to find out its best suited dimension, and 

geometrical arrangement for increasing energy efficiency. 

4. The specification of shading materials and methods of installation with regards to their lumino-

thermal properties, need to be investigated, for detailed recommendation of their use. 

5. Recent rules of ‘Dhaka Metropolitan Building Construction Rule’, can be examined considering 

energy efficient shading in buildings. 
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Appendix A1 
 
List of primarily selected office buildings from field survey  

sl. Name Address Storey Est. 
Year 

Dimensions of shading device 

Shading device ID. No.:H01: concrete cornice Cornice depth(mm) thick(mm) 
1 Siaam Tower Uttara C/A 2+14 2004 700 125 
2 Rangs Fahim Plaza House 6A, Road 32, 

Gulshan Avenue 
>6 2009 750 125 

3 SPL Western Tower Gulshan Tejgaon Link 
Road 

3+20 2005 150 100 

4 IFIC Bank Hq 61, Purana Paltan 18 2007 150 125 
5 Gulshan Center Point Gulshan 3+26 U.C. 600 100 
6 Simpletree Anarkali Gulshan avenue 3+14 U.C. 750 125 
7 Saiham Tower Gulshan avenue 3+13 U.C. 750 125 
8 Empori Financial Center Gulshan madani avenue 3+14 U.C. 900 150 
9 Swan Lake Tejgoan 3+13 U.C. 500 150 

10 Bay Park Heights Dhanmondi Kolabagan 3+13 U.C. 1000 150 

11 DH Tower 6 Panthapath 15 2012 750 125 
12 navana FH Solairs 65 Bijoynagar 11 U.C. 1000 150 
13 Navana GH Heights  Satmasjid Road 14 U.C. 750 125 
14 Navana Osman  214/d,Tejgoan Link 

Road ,Tejgoan 
9 U.C. 750 125 

15 Navana Rowshan Sayed Plaza 47,Road-11,Bloch- 
H,Banani 

10 U.C. 750 125 

16 Green Galleria Plot 2,Road 12 ,Mirpur  >6 U.C. 750 125 
17 Green Grandeur 58/E, Kamal Ataturk 

Avenue, Block - C, 
Banani 

>6 U.C. 750 125 

18 Green Hannan Tower 51, Motijheel >6 U.C. 150 100 

19 Green Landmark Tower 129, Mirpur Road, 
Kalabagan 

>6 U.C. 750 125 

20 Green Rowshanara Tower 755, Satmasjid Road, 
Dhanmondi  

>6 U.C. 175 150 

21 Borak Tower   18 U.C. 750 125 
22 Eastern Arzoo Bijoynagar 17 2010 150 125 
23 Nuruzzaman Biswas Tower Gulshan North Avenue 15 U.C. 750 125 
24 Grand Delvista Gulshan 8 2005 750 150 

Shading device ID. No.:H02: Aluminum louvered cornice with concrete boundary cornice 
(mm) 

boundary(mm) louver(mm) 

sl. Name Address Storey Est. 
Year 

depth depth thick size spacing thick 

25 Investment Corporation Of 
Bangladesh 

11, Outer Circular 
Road,Razarbag 

>6 U.C. 750 125 250 100x 
25 

100 1.8 

26 Green City Square 750, Satmosjid Road, 
Dhanmondi  

>6 U.C. 750 125 250 75x 
25 

75 1.5 

27 Axis Delvista Aurangajeb Road 7 2007 900 125 250 100x 
25 

100 1.8 

28 Century Group Hq Progoti Soroni Merul 
Badda East Gulshan 

8 U.C. 750 125 250 100x 
25 

100 1.8 

29 City Cell Customer Care Gulshan 9 U.C. 750   100x 
25 

100 1.8 

30 I Center Kolabagan, 
Dhanmondi 

13 U.C. 750 125 250 100x 
25 

100 1.8 

Shading device ID. No.:H03: Horizontal Aluminum louvered overhang cornice(mm) louver(mm) 

sl. Name Address Storey Est. 
Year 

depth thick Offset from 
overhang 

size spacing thick 

31 The Alliance Building Progoti Soroni Merul 
Badda East Gulshan 

12 2013 700 125 50 100x 
25 

100 1.8 

32 Paradise Cables Uttara 13 2006 700 125 50 100x 
25 

100 1.8 

33 Jamuna Bank ltd. Uttara 14 2007 700 125 50 75x25 75 1.5 
Shading device ID. No.:H04: Horizontal Aluminum louvered  screen cornice(mm) louver(mm) 
sl. Name Address Storey Est. 

Year 
depth thick screen 

offset 
size spacing thick 

34 AJ Heights Pragati Sarani, Gulshan 15 2007 700 125 50 100x 
25 

100 1.8 

35 Jamuna Bank Ltd 14,Block-Cws(C) 
Gulshan -1 

>6 2010 700 125 50 100x 
25 

100 1.8 
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Shading device ID. No.:H04: Horizontal Aluminum louvered  screen cornice(mm) louver(mm) 

sl. Name Address Storey Est. 
Year 

depth thick screen 
offset 

size spacing thick 

36 BTI Landmark Gulshan Avenue >6 2011 700 125 50 100x 
25 

100 1.8 

37 Lotus Kamal Tower 2 Gulshan South C/A, 
Gulshan Avenue 

3+20 2005 700 125 50 100x 
25 

100 1.8 

38 Bank Asia Ltd. and Enterprise 
Asia Ltd.Corporate Head 
Office 

32 Kazi Najrul Islam 
Avenue, Karwan Bazaar 

>6 2009 700 125 50 100x 
25 

100 1.8 

39 Rangs Sultan Road No. 2,Dhanmondi 
R/A 

3+13 2008 700 125 50 100x 
25 

100 1.8 

40 Eastern Ataturk tower Kamal Ataturk 
Avenue,Banani 

3+13 U.C. 700 125 50 100x 
25 

100 1.8 

41 Shikhaara Jolchobi Gulshan 3+13 U.C. 700 125 50 100x 
25 

100 1.8 

42 K B Square 736,Satmosjid Road 
,Dhanmondi 

13 2011 700 125 50 100x 
25 

100 1.8 

43 Navana Yousuf Infinity 16 Mohakhali C/A 12 U.C. 700 125 50 100x 
25 

100 1.8 

44 Navana-Obaid-Eternia 28,29/a,29/b Kakrail 7 U.C. 700 125 50 100x 
25 

100 1.8 

45 Green Banani House 39, Road 04, 
Block F, Banani 

>6 U.C. 700 125 50 100x 
25 

100 1.8 

46 Bellavista  Banani 10 2007 700 125 50 100x 
25 

100 1.8 

47 Metro Tower Mirpur Road   U.C. 700 125 50 100x 
25 

100 1.8 

48 Sun Moon Star Tower Dilkhusha 25 U.C. 700 125 50 100x 
25 

100 1.8 

49 Union Bank Ltd. Gulshan 7 U.C. 700 125 50 100x 
25 

100 1.8 

50 Uday Tower Gulshan 23 2013 700 125 50 100x 
25 

100 1.8 

51 City center Motijheel 37 2012 700 125 50 100x 
25 

100 1.8 

Shading device ID. No.:H05: Horizontal angled Aluminum louvered  screen cornice(mm) louver(mm) 

sl. Name Address Storey Est. 
Year 

depth thick screen 
offset 

size spacing thick 

52 Mika Cornerstone Uttara 3+14 U.C. 700 125 50 100x 
25 

100 1.8 

53 Sayed Khokon Kamal Ataturk 
Avenue,Banani 

3+13 U.C. 700 125 50 100x 
25 

100 1.8 

54 Akij house Tejgoan i/a 3+13 U.C. 700 125 50 100x 
25 

100 1.8 

Shading device ID. No.:H06: Horizontal Concrete louvers cornice(mm) louver(mm) 
sl. Name Address Storey Est. 

Year 
depth thick depth thick Spacing  Offset 

from 
glass 

55 NCC Bank,Head Office Dilkhusha 20 U.C. 750 125 500 75 875 50 

Shading device ID. No.:V01: Vertical Aluminum louvered   screen cornice(mm) louver(mm) 
sl. Name Address Storey Est. 

Year 
depth thick screen 

offset 
size spacing thick 

56 PG Administrative Building Shahbagh 10 U.C. 700 125 50 100x 
25 

100 1.8 

Shading device ID. No.:C01: Eggcrate Aluminum louvered screen cornice(mm) louver(mm) 
sl. Name Address Storey Est. 

Year 
depth thick screen 

offset 
size spacing thick 

57 Shezad Palace Gulshan 10 2006 700 125 `50 100x 
25 

345mm 
(horizontal)
,1965mm 
(vertical) 

1.8 

Shading device ID. No.:C02(anticlock wise),C03(clock wise): Diagonal Aluminum 
louvered screen 

cornice(mm) louver(mm) 

sl. Name Address Storey Est. 
Year 

depth thick screen 
offset 

size spacing thick 

58 Rans Legacy Gulshan 14 U.C. 700 125 `50 100x 
25 

100 1.8 

No shading device 
sl. Name Address Storey Est. 

Year 
 

59 Nafi Tower Gulshan South 
C/A,Circle 1 

3+19 2004  

60 Mobil House 69 A,Gulshan Avenue    2012  

61 Rangs Babilonia 246 Tejgaon Gulshan 
Link Road 

  2008  
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62 EBS Tower 65/1, DIT Extension 
Road, Purana Paltan 

40 2006  

63 Rahim Ardent  39 Kakrail Ramna 12 2012  
64 Navana HR Tower Tejgoan Link 

Road,Tejgoan I/A 
10 U.C.  

65 Navana Pristine Pavilion 128,block-
cen(h),Gulshan 

  U.C.  

66 Green City Edge 89, Kakrail   U.C.  
67 Green City Regency 26, 27, 271, Kakrail 13 U.C.  
68 Green Trade Point 7, Mohakhali C/A   U.C.  
69 Bay's 23 Gulshan Avenue 23 Gulshan Avenue 11 2007  

70 Bay's 50 Mohakhali  50 Mohakhali  15 2010  

71 Transcom Chq Mohakhali 3+13 U.C.  
72 Bay's Edge Water Gulshan 12 2011  
73 Bay's Karina plaza Gulshan 12 2011  

74 Sapphire plaza Gulshan      
75 NRB Global Bank Gulshan 12 U.C.  

76 Bank Asia Gulshan 18 2010  
77 Venture Tower Gulshan 13 U.C.  

78 Shezan Point Farmgate   2002  
79 ANZ Square Satmosjid Road 13 2012  

80 Rupayan ZR Plaza Satmosjid Road 13 2011  

81 Keari Cerscent Satmosjid Road 13 2012  

82 Southeast Bank  Kakail 11 2008  
83 Rahim Ardent  Bijoynagar 17 2010  

84 Saiham Sky View Tower Bijoynagar 22 2007  
85 Skylark Point Bijoynagar 17 2008  

86 Surma Tower Motijheel 20 U.C.  
87 Rupayan Tower Motijheel 35 2012  
88 Mutual Trust Bank ltd. Motijheel 15 2010  
89 WW Tower Dilkhusha 15 2009  
90 Sel Trident Tower Badda 12 U.C.  

91 Kbg Tower Badda 8 U.C.  
92 Ridge Ahmed Square Badda 17 2010  
93 Confidence Center Progoti Soroni Merul 

Badda Eadt Gulshan 
20 2013  

94 Doreen Tower Gulshan 25 U.C.  
95 UCB Corporate Office Gulshan 17 U.C.  
96 City Scape Gulshan 13 U.C.  
97 Shadhinata Tower Mohakhali 13 2010  
98 Daily Star Farmgate 11 2009  

99 Dhaka Trade Center Kawranbazar 18 2007  
100 Haque Chamber Panthapath 10 2007  

101 SEL Center Panthapath 9 2007  
102 BCC Bhaban Sher-e-Bangla Nagar >6 U.C.  
103 Court de la ACME Kallyan pur 9 2005  
104 Mir Tower Kolabagan, 

Dhanmondi 
14 U.C.  

105 Union Heights Panthapath 15 U.C.  
106 Envoy Tower Panthapath 12 2006  

 
 
 
 
 
 
Appendix A2 
 
The original ‘ECOTECT’ software was written as a demonstration of some of the ideas presented in PhD thesis by 
Dr. Andrew Marsh at the School of Architecture and Fine Arts at The University of Western Australia.1 Since then, 
after some major changes, Version 5.50 builds significantly on the functionality of the previous versions.  

Ecotect offers a range of lighting analysis options, whilst its main focus is on natural lighting analysis, using an 
Analysis Grid panel and Lighting Analysis dialog. Illumination level calculations of natural lighting are simply 
calculated by multiplying the daylight factor (%) by the current Design Sky value (Lux). Choices of sky model 
algorithms are currently limited to the CIE Overcast and CIE Uniform sky in Ecotect. As the daylight factor is 
meant to represent the worst-case design scenario, it is only really valid for the CIE Overcast Sky and is completely 
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independent of time. The daylight factor in a space will not vary with orientation as there is no Sun visible in the 
sky, it is assumed to be all diffuse light.2  

For physically accurate and comprehensive lighting analysis, Ecotect can output RADIANCE scene files data for 
direct input into the radiosity-based Lighting Simulation Software RADIANCE written by Greg Ward at Lawrence 
Berkeley Laboratories and the DOE in the US. It is possible to automatically export the analysis grid as points from 
Ecotect and have ray trace generated illuminance values for each point. These can then be re-imported and displayed 
within the Ecotect model. Lighting calculations for each grid point are calculated by spraying spherically distributed 
rays around the enclosure, and counting those that shoot off into the sky, those that hit external objects and those 
that hit internal surfaces. The precision value determines the number and density of rays traced from each point. 
Version 5 now allows much greater control over the execution of RADIANCE scripts. A range of sky types are 
available in RADIANCE covering specific conditions such as sunny and overcast conditions. It normally bases the 
total illuminance of the sky on the current latitude of the model, and the current date/time, if Ecotect design sky and 
Ecotact sun angle remains unchecked. Even for overcast sky types, the sky brightness will vary between early 
morning, noon, and late evening, as well as between Summer and Winter. Ecotect Design Sky forces RADIANCE to 
use the Design Sky illuminance value set for the Outside zone in Ecotect and Ecotect sun angles forces to use the 
current azimuth and altitude of its Sun.3 

Ecotect also provides a range of thermal performance analysis options. At its core is the Chartered Institute of 
Building Services Engineers (CIBSE) Admittance Method used to determine internal temperatures and heat loads.4 
This thermal algorithm is very flexible, and has no restrictions on building geometry or the number of thermal zones 
that can be simultaneously analyzed. Most importantly, with only a few pre-calculations for shading and 
overshadowing, it is very quick to calculate. 

The underlying assumption of the Admittance Method is that, the internal temperature of any building will always 
tend towards the local mean outdoor temperature. Any fluctuations in outside temperature or solar load, will cause 
the internal air temperature to fluctuate in a similar way, though delayed and dampened somewhat, by thermal 
capacitance and resistance, within the building fabric. When the total of all heat losses become equal to the total of 
all gains, then internal temperatures stabilize. 

In the Admittance Method, the temperature and load calculations are two separate processes. As a first pass, the 
magnitude of potential heat gains and losses acting on the building are calculated, for each hour of each day, from 
which average daily load factors can be determined. They are relative to mean conditions, not actual conditions. 
Variations in the instantaneous load factor against each daily average can then be used, to determine the relative 
thermal stress each zone is subject to each hour of the day. These variations in stress, result in cyclic fluctuations in 
internal temperature, from which hourly zone temperatures can be derived. Once detailed hourly internal 
temperatures are known, a second calculation is performed, to determine the absolute heating and cooling loads. The 
Admittance Method encapsulates the effects of conductive heat flow through building fabric, infiltration and 
ventilation through openings, direct solar gains through transparent materials, indirect solar gains through opaque 
elements, internal heat gains from equipment, lights and people, and the effects of inter-zonal heat flow. It is most 
suitable in situations where temperature swings and energy inputs are changing steadily throughout the day.5 

Reference 

                                                           
1 http://www.squ1.com [2002,October 10]  
2 Tregenza, P.R., Measured and Calculated Frequency Distributions of Daylight Illuminance, Lighting Research 
and Technology 18 (2) 71-74 (1986) (last viewed at: Subtask C -- New Daylight Algorithms 
http://eande.lbl.gov/Task21/BRE-ETSU/intro.html). 
3 Carruthers, D.D., Roy, G.G. and Uloth, C.J. (2010), An Evaluation of Formulae for Solar Declination and the 
Equation of Time, Research Report No. 17, School of Architecture, The University of Western Australia. 
4 Ecotect (2011) The Thermal Simulation Engine- help file, Autodesk 2010. 
5 Ecotect (2011) op.cit. 
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Daylight simulation results for depth of model(aperture height x2.5) in south orientation

1 2 3 4 5 6 7 8 9

A 65015.20 4995.01 3259.92 2358.48 1760.45 1368.75 1103.03 925.92 853.49

B 59201.70 5218.22 3534.83 2511.53 1889.64 1463.29 1176.36 998.72 930.97

C 58316.80 5107.56 3553.88 2625.45 1941.00 1516.70 1225.52 1053.76 982.45

D 58152.00 4895.28 3520.73 2592.74 1978.77 1533.11 1248.23 1073.59 985.92

E 58064.20 4764.77 3438.47 2538.30 1928.49 1515.77 1239.80 1078.80 987.38

F 58020.90 4475.93 3220.80 2411.18 1848.92 1459.45 1204.29 1039.36 965.73

G 57776.50 4140.42 2939.94 2229.93 1734.63 1375.55 1143.45 988.81 925.88

H 6058.55 3409.01 2596.34 2037.53 1598.72 1279.39 1067.47 926.04 848.02

I 3116.52 2662.48 2168.07 1758.87 1421.30 1154.87 962.96 832.81 767.73

A 76499.80 5462.04 3570.65 2628.24 2012.11 1569.70 1268.99 1070.71 972.87

B 72487.00 5768.18 3959.03 2908.97 2185.62 1699.70 1380.14 1172.30 1071.01

C 71958.10 5730.58 4116.09 3036.10 2290.88 1784.10 1446.71 1230.39 1132.19

D 71800.30 5670.05 4059.87 3042.49 2327.98 1828.69 1483.00 1275.29 1163.71

E 71758.20 5584.16 4044.23 3049.13 2334.16 1827.62 1478.59 1271.89 1165.24

F 71667.70 5374.88 3861.05 2876.31 2250.08 1764.24 1443.97 1249.26 1141.87

G 71512.40 5055.33 3595.83 2705.74 2115.60 1690.16 1380.26 1196.81 1078.64

H 71216.70 4289.21 3177.49 2482.35 1957.08 1560.92 1283.65 1105.97 1005.24

I 3936.86 3315.37 2671.81 2129.97 1721.47 1402.36 1159.66 997.57 897.58

A 81370.60 5513.33 3726.62 2768.78 2145.93 1695.65 1385.31 1177.98 1062.79

B 80739.90 6092.02 4228.68 3129.15 2388.04 1877.06 1519.53 1297.40 1173.00

C 80517.20 6218.53 4461.77 3340.50 2560.08 1991.39 1602.86 1381.97 1258.21

D 80473.00 6307.70 4521.29 3408.62 2621.21 2063.95 1665.30 1425.96 1296.69

E 80456.50 6259.27 4555.21 3434.71 2641.52 2066.70 1666.84 1432.60 1312.15

F 80425.30 6108.55 4433.43 3313.99 2560.27 2020.62 1636.12 1411.78 1284.01

G 80321.00 5917.77 4181.19 3147.51 2439.72 1929.52 1572.04 1349.59 1230.11

H 80073.20 5264.41 3808.63 2891.19 2262.84 1804.00 1466.28 1260.31 1142.43

I 5264.96 4151.13 3193.61 2508.97 1984.22 1589.38 1322.11 1130.74 1018.29

A 81562.60 5190.83 3707.54 2818.45 2198.09 1764.85 1446.73 1228.95 1120.71

B 83828.20 6164.44 4334.55 3236.50 2482.04 1968.44 1594.43 1380.53 1241.84

C 83951.90 6571.56 4648.79 3473.54 2674.99 2102.75 1702.09 1466.09 1340.25

D 84029.30 6787.12 4848.31 3644.77 2789.16 2186.16 1775.56 1527.07 1384.49

E 84018.70 6811.13 4926.95 3676.71 2834.88 2199.11 1795.37 1543.83 1404.25

F 84019.50 6765.52 4865.59 3634.47 2789.96 2180.31 1777.31 1517.04 1389.51

G 83930.00 6609.20 4672.08 3499.38 2668.73 2116.20 1708.38 1456.93 1336.77

H 83834.70 6217.15 4349.70 3255.93 2488.32 1966.59 1600.43 1368.35 1251.50

I 81598.00 5258.08 3752.23 2837.26 2222.85 1765.77 1447.00 1232.49 1116.42

A 5194.77 4131.18 3173.35 2477.14 1956.13 1580.84 1305.97 1114.51 1005.50

B 79744.50 5192.01 3735.49 2870.85 2233.40 1773.92 1460.33 1248.63 1137.92

C 79982.10 5841.57 4141.29 3132.02 2421.20 1919.15 1563.22 1335.73 1218.54

D 80050.20 6061.33 4416.70 3318.38 2552.89 2008.34 1613.93 1398.41 1276.75

E 80128.10 6174.86 4500.03 3402.38 2595.68 2052.66 1665.08 1422.53 1285.12

F 80145.30 6225.83 4514.21 3366.45 2616.34 2030.58 1659.20 1425.63 1289.49

G 80186.10 6178.96 4402.09 3311.80 2534.58 1967.12 1603.25 1375.91 1248.87

H 80377.80 6068.10 4214.75 3134.99 2389.90 1866.29 1516.40 1297.11 1171.74

I 81246.30 5495.02 3723.02 2763.98 2143.00 1696.53 1380.38 1175.03 1058.09

A 3952.15 3279.46 2646.30 2098.35 1697.05 1394.19 1144.96 988.39 896.50

B 70621.80 4251.27 3152.92 2471.19 1924.29 1546.33 1279.80 1102.64 999.57

C 70875.80 4960.87 3606.88 2687.34 2101.43 1667.21 1371.12 1183.93 1079.08

D 71091.50 5354.11 3858.59 2896.11 2209.58 1770.55 1433.37 1246.07 1132.12

E 71157.00 5526.87 3967.92 2998.31 2304.52 1816.37 1473.59 1270.46 1160.75

F 71243.60 5575.20 4080.52 3056.88 2321.70 1820.39 1477.82 1266.58 1156.27

G 71315.20 5659.26 4059.91 3041.45 2296.38 1793.17 1441.27 1239.82 1123.40

H 71956.20 5803.85 3939.13 2856.51 2182.71 1696.65 1375.04 1178.28 1068.43

I 76033.00 5453.12 3591.52 2618.36 1998.78 1567.20 1275.99 1069.47 972.74

A 3107.69 2645.47 2151.51 1743.15 1398.97 1156.10 963.55 825.98 760.42

B 5993.77 3401.62 2554.31 1989.45 1589.10 1279.47 1058.07 919.60 838.55

C 57004.20 4089.96 2896.88 2212.52 1727.83 1370.62 1134.01 981.41 908.55

D 57266.60 4491.03 3200.62 2404.87 1830.54 1448.93 1180.27 1040.02 950.03

E 57341.90 4750.31 3383.37 2512.35 1905.16 1482.21 1216.17 1061.48 982.69

F 57407.50 4767.67 3476.07 2575.92 1938.89 1529.27 1232.39 1060.56 986.24

G 57572.30 5042.48 3553.93 2595.14 1930.94 1500.94 1204.26 1042.78 973.73

H 58474.50 5137.26 3454.27 2518.90 1869.10 1450.16 1166.45 996.43 916.50

I 64369.50 4951.96 3247.51 2350.17 1752.19 1367.47 1103.03 923.09 846.40

A 2356.06 1993.77 1604.40 1306.91 1056.96 858.46 716.83 622.87 583.08

B 4502.73 2514.35 1886.90 1470.20 1154.50 937.45 777.55 680.93 636.56

C 4821.57 3001.55 2136.91 1618.47 1250.38 998.66 826.23 722.26 685.91

D 5073.43 3310.89 2344.73 1735.92 1333.95 1057.82 863.43 751.92 714.73

E 39083.20 3478.91 2472.63 1840.82 1363.48 1078.13 888.14 780.77 734.08

F 39131.20 3673.06 2557.66 1866.46 1433.49 1112.09 894.48 779.73 741.66

G 39277.90 3766.15 2596.47 1908.96 1405.41 1103.27 882.93 769.43 733.92

H 39809.50 3813.76 2612.14 1847.73 1373.87 1080.15 865.11 746.45 701.75

I 44405.70 3721.47 2530.27 1804.84 1343.25 1038.39 827.08 696.31 652.07

A 1614.00 1327.91 1049.24 833.34 660.58 537.76 447.29 389.45 373.37

B 2850.75 1633.23 1184.82 917.92 711.50 573.65 474.26 420.16 408.03

C 3037.47 1913.03 1319.01 989.55 756.16 602.42 497.11 440.83 428.82

D 3140.24 2076.97 1465.72 1055.82 804.15 632.43 516.14 458.96 451.45

E 3207.06 2162.65 1536.68 1115.29 830.13 652.00 529.18 470.16 459.07

F 3225.20 2242.73 1565.37 1127.49 850.76 664.56 535.07 473.15 462.56

G 3246.93 2292.68 1581.63 1139.40 853.39 652.09 526.27 466.08 451.64

H 3312.58 2272.09 1581.82 1117.85 838.50 646.96 522.56 451.51 433.15

I 3044.46 2236.96 1559.26 1120.81 821.64 638.52 511.47 433.20 414.50
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Daylight simulation results for depth of model(aperture height x2.5x2) in south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 64980.00 5279.24 3437.27 2509.64 1879.57 1420.88 1114.61 866.06 675.73 541.91 441.01 345.68 301.38 248.64 214.17 174.04 167.02 155.65 181.54

B 59142.80 5527.21 3711.82 2695.63 2031.84 1529.54 1174.14 923.01 715.51 565.63 461.15 378.11 302.74 256.85 221.82 188.81 164.81 157.80 174.03

C 58389.60 5192.25 3757.98 2776.64 2094.79 1556.94 1218.11 946.57 742.54 576.78 471.15 379.32 314.71 262.68 216.65 194.77 173.53 163.64 174.60

D 58152.20 5054.25 3712.19 2758.10 2056.15 1595.34 1217.98 961.96 736.82 591.19 474.40 389.51 323.56 265.97 226.60 198.16 170.84 176.09 183.69

E 58048.90 4874.21 3611.05 2676.82 2037.75 1555.73 1214.12 937.91 744.82 589.39 476.40 386.93 318.97 266.26 228.67 187.50 166.79 175.96 163.02

F 57901.50 4658.15 3396.91 2552.99 1962.79 1498.49 1178.13 918.65 726.01 580.41 464.71 372.62 317.15 265.82 226.82 198.87 181.96 158.14 168.81

G 57791.40 4301.36 3041.63 2353.94 1813.18 1401.74 1112.05 882.13 693.85 563.16 451.97 372.43 308.72 261.63 223.35 187.01 170.86 163.27 163.86

H 6034.84 3570.00 2681.85 2090.50 1677.21 1316.93 1044.16 834.57 659.37 530.69 431.25 360.37 298.19 251.78 211.79 181.69 170.24 165.52 171.96

I 3107.98 2692.44 2200.34 1806.51 1467.07 1172.43 955.17 769.90 617.19 493.09 406.02 340.37 283.25 239.38 203.76 184.16 156.98 151.42 169.73

A 76484.00 5656.65 3773.61 2796.09 2108.97 1612.59 1272.19 1003.08 782.38 631.43 510.72 421.56 347.94 289.67 248.76 214.51 184.66 184.72 204.02

B 72487.90 6054.99 4137.61 3044.54 2319.06 1772.52 1369.01 1078.42 847.07 667.01 539.67 442.24 358.08 301.69 246.72 219.37 207.37 195.24 201.57

C 71934.10 5889.97 4270.28 3210.70 2457.45 1858.62 1431.75 1119.42 873.42 693.35 561.87 452.10 372.40 309.81 258.29 232.24 203.79 191.70 207.34

D 71802.80 5786.85 4283.87 3272.93 2481.29 1900.62 1463.33 1144.23 891.93 700.11 561.93 461.74 373.67 312.69 270.46 236.00 206.78 195.71 185.18

E 71726.10 5640.93 4232.24 3227.37 2453.41 1886.24 1446.05 1130.51 884.91 701.22 563.09 459.37 377.08 300.00 268.38 236.00 218.75 207.07 202.78

F 71671.10 5561.02 4052.11 3092.97 2379.04 1820.71 1428.02 1102.71 877.72 688.13 552.75 454.09 371.09 306.24 268.62 233.44 201.85 204.49 202.37

G 71501.60 5185.57 3745.00 2872.19 2220.30 1727.11 1343.72 1067.86 840.88 671.41 541.65 446.30 362.82 305.55 262.02 223.17 201.28 199.39 201.55

H 71152.90 4432.81 3303.08 2570.71 2029.29 1600.85 1262.35 998.89 793.39 637.80 517.98 428.28 351.45 293.93 254.62 224.69 200.42 192.21 186.52

I 3921.21 3350.05 2726.63 2209.70 1778.76 1413.02 1135.88 911.99 730.50 594.44 480.21 395.21 333.72 279.10 238.46 210.46 181.20 182.99 210.26

A 81334.30 5721.17 3922.76 2950.63 2268.45 1758.83 1384.05 1098.71 867.09 696.89 567.01 466.92 378.51 310.36 272.22 229.00 216.03 201.92 214.08

B 80697.30 6265.15 4425.68 3313.66 2542.61 1945.37 1511.26 1183.78 933.13 742.10 598.56 490.26 401.87 329.84 276.78 235.24 226.94 213.06 219.50

C 80480.90 6386.40 4653.57 3516.64 2687.76 2070.51 1598.19 1249.79 974.32 771.35 618.57 507.13 410.52 342.93 294.23 253.30 235.39 228.85 231.82

D 80462.00 6427.62 4736.13 3592.58 2768.45 2125.08 1647.49 1289.65 997.82 789.25 631.71 514.20 421.67 346.60 291.88 264.25 237.01 228.08 222.93

E 80461.80 6393.98 4751.46 3618.22 2786.39 2134.35 1652.53 1285.13 1001.67 797.42 635.93 509.56 422.98 347.64 272.54 265.79 239.68 208.37 218.48

F 80390.90 6301.97 4616.07 3514.98 2697.62 2082.80 1623.33 1268.28 988.46 791.80 624.07 508.80 419.56 348.91 296.06 259.90 227.93 228.91 221.65

G 80346.20 6110.74 4407.96 3318.56 2562.32 1977.22 1547.37 1214.36 958.64 761.87 614.44 494.44 408.74 342.11 294.95 255.92 232.68 218.07 205.47

H 80109.00 5444.21 3961.43 3042.16 2345.15 1853.44 1453.02 1143.95 906.42 726.82 583.76 482.70 395.76 328.94 282.53 242.30 226.32 213.95 223.06

I 5242.14 4243.89 3298.23 2616.86 2053.16 1639.52 1310.77 1040.98 826.15 673.22 548.53 454.49 373.09 311.81 268.66 235.93 212.64 203.15 213.95

A 81514.30 5336.69 3902.42 2978.98 2319.63 1811.26 1434.31 1133.67 912.92 730.91 595.36 486.14 403.10 337.76 286.78 258.07 226.79 211.06 231.24

B 83849.80 6368.64 4550.17 3409.27 2624.85 2025.06 1585.27 1248.18 976.32 783.40 638.58 521.27 432.16 356.80 303.33 266.22 236.12 228.13 238.90

C 83931.80 6825.97 4897.23 3677.63 2808.08 2178.48 1684.26 1327.55 1037.34 822.94 657.44 533.35 440.92 366.02 305.21 274.82 243.66 231.05 235.63

D 84016.20 6925.58 5049.21 3836.43 2930.25 2259.57 1733.91 1355.76 1072.08 841.96 675.37 550.09 450.02 373.85 315.92 280.64 241.74 243.36 249.02

E 84030.70 7019.34 5132.83 3892.68 2982.72 2275.66 1766.08 1374.17 1076.79 848.29 682.09 551.32 452.70 377.77 318.88 280.25 256.24 239.56 248.93

F 84011.50 6937.86 5062.36 3840.52 2927.38 2258.85 1746.36 1370.26 1057.82 840.73 682.46 550.30 448.63 372.66 320.36 279.31 251.59 244.05 245.29

G 83964.40 6820.52 4910.54 3686.84 2828.70 2179.79 1684.65 1322.94 1037.72 816.50 662.20 529.98 440.59 368.22 313.57 267.99 246.25 236.93 249.97

H 83827.40 6358.62 4560.80 3426.09 2634.33 2029.31 1588.14 1257.06 989.13 775.97 636.63 519.45 426.49 353.96 301.69 266.58 242.44 230.80 236.74

I 81577.80 5378.51 3912.01 2982.79 2320.81 1823.42 1441.52 1139.29 912.66 734.52 590.74 486.77 400.65 335.98 288.83 254.68 226.98 216.31 231.89

A 5157.14 4180.01 3254.12 2572.83 2033.27 1622.03 1300.03 1037.84 816.51 666.67 532.90 443.39 369.80 306.82 264.45 231.37 200.99 194.92 220.55

B 79701.70 5347.61 3906.40 2999.52 2351.77 1825.30 1434.37 1131.58 899.02 721.62 578.32 473.78 391.65 326.98 281.19 242.18 223.91 213.19 217.43

C 79911.30 6013.86 4334.98 3290.60 2542.58 1978.05 1526.09 1209.32 941.72 753.73 604.27 489.86 404.04 342.74 290.73 247.88 227.93 204.17 210.75

D 80029.10 6247.17 4593.88 3504.23 2696.02 2068.84 1605.48 1257.74 980.78 773.11 623.88 509.09 416.26 345.91 295.59 257.83 231.89 223.52 216.85

E 80061.50 6333.10 4711.65 3572.80 2761.14 2117.30 1640.28 1280.18 1005.41 784.50 633.07 506.01 420.93 348.32 296.76 258.54 229.38 226.91 226.42

F 80119.50 6359.99 4704.36 3605.27 2750.44 2115.74 1636.61 1281.85 997.40 785.98 629.27 511.64 417.96 344.43 295.75 258.75 234.04 224.59 214.51

G 80172.10 6349.78 4631.91 3481.86 2660.85 2050.18 1585.28 1242.66 969.56 766.40 613.80 499.63 405.95 342.78 293.13 253.36 231.92 222.67 227.02

H 80404.80 6252.25 4394.28 3295.44 2500.87 1928.27 1501.69 1181.76 918.92 732.65 591.40 485.86 395.35 332.70 281.85 246.35 226.43 203.17 221.37

I 81233.50 5693.88 3912.87 2936.57 2259.70 1761.76 1377.86 1084.72 860.59 689.96 558.91 440.23 377.18 318.66 268.67 236.02 210.51 184.94 194.22

A 3913.30 3305.27 2698.58 2173.60 1752.86 1401.27 1116.96 901.83 727.32 579.26 480.86 394.73 329.52 278.67 241.80 213.03 184.43 174.85 194.77

B 70575.00 4367.70 3267.59 2561.93 2013.35 1576.57 1242.67 996.55 790.47 628.21 513.62 423.15 350.43 292.44 251.36 223.10 203.80 194.26 194.98

C 70901.00 5155.28 3708.14 2824.69 2202.55 1713.80 1331.63 1056.22 832.76 666.51 538.12 432.92 361.15 302.75 260.72 216.71 208.47 200.54 195.56

D 71040.00 5474.64 4030.05 3043.27 2346.53 1805.46 1421.45 1105.74 863.94 684.05 552.58 451.34 368.32 310.83 263.35 234.59 211.38 201.33 204.32

E 71078.10 5657.88 4211.16 3176.70 2448.47 1863.51 1439.46 1130.31 883.51 695.67 564.49 455.05 373.56 311.42 269.36 235.68 212.42 206.64 205.58

F 71194.00 5749.03 4294.61 3184.02 2432.05 1878.35 1438.36 1137.48 880.21 697.39 562.75 458.77 373.80 311.60 248.51 230.29 211.69 205.87 208.16

G 71365.80 5885.53 4267.69 3206.79 2414.79 1839.97 1418.65 1112.62 870.66 683.05 555.43 448.09 370.12 308.16 263.80 225.64 207.08 202.10 207.83

H 71991.80 6018.50 4216.08 3057.14 2288.60 1752.90 1376.14 1064.80 835.59 663.09 538.60 438.80 356.67 301.20 255.22 214.69 189.12 194.41 205.80

I 76023.80 5703.18 3773.38 2776.34 2109.75 1621.63 1270.10 997.89 789.11 625.43 506.48 415.00 346.41 287.62 243.82 218.48 195.13 177.34 178.37

A 3103.34 2671.34 2194.77 1788.00 1448.23 1169.67 941.84 759.24 601.83 494.99 401.15 331.81 280.62 229.32 201.86 177.74 153.21 156.60 155.07

B 5984.02 3512.94 2648.62 2076.27 1653.01 1294.11 1034.36 824.03 657.21 526.69 429.07 356.69 294.38 245.63 211.59 187.26 161.75 167.02 152.89

C 57014.60 4181.30 3048.73 2330.59 1788.92 1404.76 1107.58 870.94 691.21 551.69 453.57 367.98 303.69 255.70 214.50 180.97 174.96 170.61 174.37

D 57260.40 4624.22 3336.52 2510.46 1932.78 1472.66 1159.37 906.91 713.10 563.68 461.81 378.00 306.80 245.34 210.24 183.88 180.18 175.68 176.39

E 57286.00 4806.46 3557.82 2674.28 2037.29 1541.03 1190.41 938.14 743.91 580.18 470.43 382.36 313.66 266.05 227.36 191.07 168.78 170.81 178.05

F 57415.40 4970.78 3686.52 2750.85 2060.41 1571.62 1206.25 945.90 734.73 583.10 470.04 385.97 309.26 257.19 224.68 197.74 181.96 174.68 177.18

G 57590.80 5111.22 3715.18 2716.64 2028.07 1553.84 1209.46 946.64 732.24 578.95 466.81 376.66 313.71 261.56 221.91 195.97 167.62 172.60 159.59

H 58395.50 5426.13 3682.67 2655.59 2005.89 1500.84 1170.80 910.60 711.06 562.46 452.92 371.52 304.76 256.20 207.22 190.39 171.47 164.20 174.92

I 64276.20 5168.93 3445.96 2500.07 1874.98 1426.35 1111.25 867.08 678.71 544.85 438.62 362.41 297.51 247.16 206.19 182.07 167.12 141.68 176.99

A 2353.54 2014.30 1665.70 1345.70 1080.59 862.13 692.64 564.59 452.82 370.10 305.78 251.93 213.05 180.03 146.41 131.28 115.67 119.46 129.93

B 4491.57 2588.26 1962.76 1517.63 1209.39 936.18 751.14 599.87 482.51 389.75 319.71 266.19 222.29 185.61 161.35 139.49 129.22 116.76 134.10

C 4871.09 3104.35 2231.56 1676.07 1294.61 1017.51 795.61 635.72 503.70 403.14 331.44 272.55 225.40 192.49 164.61 146.25 132.38 118.25 121.09

D 4979.02 3432.16 2440.54 1851.60 1400.92 1065.99 840.21 655.04 517.52 415.99 339.62 280.69 231.67 195.05 154.89 139.22 135.72 131.76 137.53

E 39055.90 3652.33 2599.60 1919.02 1467.94 1094.89 863.14 668.25 533.44 425.83 349.27 283.87 233.11 196.97 164.19 134.63 138.25 118.93 141.19

F 39109.60 3729.10 2670.68 1983.73 1489.83 1139.62 872.09 688.18 528.52 424.04 349.19 283.40 236.48 188.18 163.58 140.95 126.22 119.18 140.04

G 39313.60 3868.23 2816.68 2022.18 1495.48 1132.38 879.93 675.65 538.75 423.14 346.86 281.99 233.13 195.45 168.22 137.60 128.98 132.91 138.85

H 39804.80 4062.80 2732.49 1993.61 1476.99 1112.81 850.64 670.37 529.47 417.43 343.97 278.10 229.03 185.57 163.90 139.28 131.38 123.34 122.77

I 44245.20 3841.50 2664.37 1955.75 1464.58 1094.81 831.84 654.94 515.46 406.66 333.41 273.24 216.34 184.45 162.42 142.70 119.22 118.58 137.14

A 1608.03 1347.62 1085.30 863.42 686.15 548.81 439.65 352.71 285.55 228.99 192.36 160.66 130.92 111.07 89.55 86.11 73.24 75.82 112.25

B 2867.13 1668.35 1245.85 956.91 737.58 571.07 459.85 367.89 294.63 235.21 194.12 162.93 136.30 112.94 94.80 83.69 80.14 69.39 84.71

C 3068.31 1975.84 1385.88 1049.30 797.86 616.50 486.23 382.59 302.24 243.60 199.98 165.22 137.33 115.31 92.20 86.39 69.72 78.36 75.44

D 3131.18 2153.96 1522.56 1116.70 842.29 649.80 496.09 398.21 314.08 254.78 204.22 169.61 139.60 111.28 100.08 82.56 71.17 70.73 85.90

E 3171.72 2238.52 1609.50 1170.32 881.69 661.31 516.34 404.01 314.03 248.55 207.31 169.00 140.91 111.79 100.83 75.34 68.46 70.02 73.31

F 3228.89 2307.28 1668.85 1208.87 899.76 685.56 520.22 416.54 319.10 256.81 207.80 173.85 136.42 118.17 91.95 90.19 83.08 70.40 76.74

G 3245.30 2334.68 1681.10 1226.39 904.13 675.22 524.37 409.80 321.80 250.24 206.98 168.34 131.51 102.18 94.47 86.48 82.43 77.23 81.89

H 3289.95 2310.60 1668.71 1215.02 906.74 676.33 521.75 401.26 318.48 251.34 205.53 161.97 138.75 117.48 96.34 80.54 73.68 77.32 78.67

I 3068.93 2311.86 1668.38 1205.98 895.87 671.98 519.03 403.35 318.52 252.40 204.26 169.85 132.20 112.70 93.05 80.96 75.91 73.22 88.89
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Daylight simulation results for depth of model(aperture height x2.5) in east orientation

1 2 3 4 5 6 7 8 9

A 6930.39 6400.24 5603.00 4529.28 3551.07 2836.83 2308.32 1943.45 1730.99

B 60923.10 59510.50 57813.30 5078.24 4037.65 3216.69 2603.17 2176.97 1974.91

C 61032.70 60031.00 58467.70 5564.72 4361.82 3484.35 2819.51 2377.59 2156.91

D 61172.50 60311.60 58825.70 5834.76 4626.48 3692.08 2970.80 2493.60 2284.30

E 61228.60 60460.40 58924.30 5997.32 4740.91 3738.29 3019.44 2559.82 2323.35

F 61252.00 60449.30 59002.80 6004.69 4728.98 3756.44 3021.35 2560.55 2302.23

G 61255.60 60452.90 58874.50 5829.62 4573.14 3612.89 2920.41 2463.59 2216.40

H 61283.70 60503.40 58829.00 5645.06 4365.14 3403.45 2740.89 2299.61 2069.10

I 59638.60 61021.80 59599.80 5287.09 3962.28 3076.04 2469.45 2062.98 1841.33

A 6361.06 5551.61 4347.90 3360.95 2648.90 2113.28 1723.39 1459.72 1297.11

B 73326.50 71070.10 5069.12 3901.73 3011.00 2392.83 1940.25 1644.82 1473.63

C 73436.20 71654.30 5612.41 4258.24 3294.38 2591.88 2097.42 1775.41 1589.22

D 73562.50 71916.50 5953.25 4465.16 3479.45 2718.00 2186.47 1862.79 1667.91

E 73613.40 72057.30 6058.49 4603.64 3576.33 2800.06 2241.86 1907.23 1702.25

F 73667.50 72082.50 6084.68 4614.01 3562.71 2782.84 2232.91 1894.30 1716.84

G 73741.40 72134.70 6014.43 4494.53 3478.71 2716.77 2145.37 1821.82 1652.99

H 73937.50 72202.00 5842.00 4271.17 3259.68 2534.65 2018.12 1710.10 1541.38

I 73019.60 73652.00 5316.22 3839.62 2902.62 2289.87 1852.09 1540.96 1378.83

A 5430.26 4316.14 3292.94 2575.05 2022.44 1640.80 1338.51 1179.39 1050.20

B 80244.70 5416.01 3852.35 2948.37 2294.57 1831.91 1502.99 1293.37 1157.42

C 80376.40 5947.03 4253.35 3208.09 2481.23 1978.59 1597.80 1372.64 1241.87

D 80488.80 6220.51 4497.44 3367.76 2595.07 2061.18 1676.57 1427.58 1302.21

E 80571.70 6350.25 4597.99 3489.68 2675.00 2086.79 1689.20 1466.54 1328.61

F 80578.80 6312.97 4619.02 3477.72 2665.97 2091.34 1693.57 1453.83 1312.43

G 80601.40 6310.52 4519.79 3371.63 2599.13 2036.26 1640.31 1405.71 1283.91

H 80859.40 6186.97 4295.92 3184.40 2447.79 1920.28 1543.30 1321.52 1197.46

I 81200.90 5617.04 3813.89 2804.56 2172.28 1724.05 1405.62 1196.06 1080.27

A 4349.93 3354.19 2574.57 2012.73 1601.08 1304.83 1076.61 931.20 858.10

B 7000.20 4192.39 3011.93 2297.96 1800.02 1450.26 1193.51 1045.42 947.03

C 7136.97 4635.41 3306.13 2495.43 1928.59 1534.21 1267.14 1106.10 1022.44

D 7212.44 4829.19 3484.24 2601.90 2027.73 1604.14 1317.99 1151.54 1056.27

E 7309.29 4932.75 3542.09 2668.09 2050.21 1628.11 1332.47 1170.15 1073.31

F 7334.40 4904.86 3514.25 2666.78 2041.03 1603.66 1327.20 1159.89 1078.30

G 7273.15 4815.23 3436.91 2581.97 1987.14 1569.30 1289.42 1122.95 1034.59

H 7211.73 4585.19 3244.85 2412.20 1853.67 1491.29 1221.00 1051.21 979.27

I 5774.06 3948.52 2869.60 2157.06 1693.17 1358.82 1124.63 957.94 883.69

A 3512.37 2823.79 2224.67 1779.30 1426.10 1155.35 974.49 844.32 765.52

B 5069.94 3369.98 2561.05 2016.99 1592.89 1281.50 1068.67 929.20 850.95

C 5176.78 3667.54 2759.67 2153.56 1698.67 1364.83 1130.20 993.81 908.25

D 5243.86 3778.64 2906.47 2261.73 1767.52 1416.73 1173.24 1027.58 947.14

E 5294.33 3839.49 2951.89 2285.19 1796.85 1439.90 1184.84 1041.24 958.61

F 5265.51 3831.36 2931.72 2271.32 1776.64 1421.45 1178.11 1033.83 951.21

G 5259.60 3748.78 2816.04 2189.59 1721.45 1376.54 1139.93 993.55 917.21

H 5165.66 3545.19 2653.37 2055.23 1617.64 1292.55 1073.33 936.52 860.25

I 4131.71 3087.97 2354.55 1839.31 1456.56 1177.52 977.01 853.29 772.94

A 2964.70 2485.98 1986.41 1598.56 1288.26 1058.64 887.48 769.39 706.31

B 4042.61 2895.86 2268.47 1812.98 1430.96 1169.99 971.64 855.05 789.29

C 4099.21 3115.67 2446.03 1921.06 1524.65 1237.81 1024.38 904.95 832.76

D 4176.75 3203.34 2540.03 1992.52 1581.36 1280.89 1058.75 934.02 861.94

E 4205.48 3252.50 2572.48 2025.15 1600.50 1287.07 1074.01 941.48 875.68

F 4192.30 3234.90 2547.12 2020.38 1590.07 1271.48 1065.85 935.02 865.89

G 4188.13 3160.66 2463.28 1947.24 1532.24 1234.95 1025.00 903.24 835.92

H 4109.74 2971.85 2318.23 1810.92 1450.04 1167.03 966.54 851.83 783.01

I 3241.26 2583.75 2029.09 1609.35 1281.68 1056.99 879.55 759.49 702.05

A 2617.97 2208.54 1790.12 1440.00 1159.90 953.26 803.84 702.29 655.20

B 3462.01 2554.48 2008.31 1616.63 1280.53 1043.70 868.37 768.92 724.00

C 3525.23 2729.49 2157.08 1714.58 1360.42 1097.05 920.96 810.08 754.78

D 3567.30 2823.31 2247.24 1784.17 1416.44 1146.52 945.69 841.91 797.46

E 3576.32 2851.12 2269.02 1796.05 1425.23 1157.19 957.87 850.90 798.92

F 3579.24 2820.92 2261.00 1791.35 1404.77 1132.02 949.21 838.58 797.50

G 3547.07 2763.72 2179.83 1716.88 1353.51 1094.14 916.92 810.51 758.39

H 3460.02 2577.83 2037.60 1608.41 1281.19 1034.80 858.00 756.97 713.96

I 2691.48 2235.54 1787.60 1445.00 1145.98 945.03 787.28 690.23 644.43

A 2169.09 1854.93 1501.57 1209.44 963.61 795.07 671.58 587.44 562.43

B 2894.16 2145.57 1682.54 1336.05 1053.64 848.38 720.18 637.11 612.11

C 2923.97 2295.60 1806.75 1412.09 1122.98 906.45 759.78 675.22 653.84

D 2958.84 2358.95 1874.43 1471.47 1170.10 943.54 786.41 700.75 669.18

E 2967.41 2375.00 1896.05 1492.51 1182.94 945.04 789.21 705.18 682.00

F 2949.77 2356.40 1878.57 1478.91 1171.81 939.94 776.73 704.56 669.41

G 2938.18 2314.77 1815.29 1420.57 1117.96 903.86 758.65 675.98 650.82

H 2881.49 2165.27 1686.18 1329.46 1063.82 857.28 712.89 637.79 618.53

I 2195.61 1837.69 1486.32 1187.75 969.99 785.68 662.73 582.55 555.78

A 1553.37 1297.62 1032.77 831.81 662.07 548.40 456.48 402.21 395.79

B 2110.24 1529.47 1166.04 902.44 710.89 580.49 485.09 425.12 424.12

C 2128.60 1637.92 1262.50 968.62 760.37 609.24 507.11 453.07 454.16

D 2144.20 1692.47 1322.35 1006.49 792.53 630.41 523.63 474.44 477.94

E 2154.34 1703.79 1332.80 1016.49 800.52 636.09 530.39 479.37 477.02

F 2158.27 1695.36 1317.48 1010.74 792.29 628.51 526.00 466.00 479.29

G 2151.94 1648.06 1265.14 976.19 761.76 614.68 507.67 460.67 458.52

H 2114.32 1545.19 1179.93 908.16 719.46 582.66 483.78 432.85 435.89

I 1552.76 1298.91 1053.39 828.70 672.74 545.56 461.53 405.39 396.95

T
im

e 
(h

rs
.)

gr
id

 

15
.0

0
16

.0
0

17
.0

0
9.

00
10

.0
0

11
.0

0
12

.0
0

13
.0

0
14

.0
0

dark color denotes illumination level ≥300lux 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka               Appendix 
 
 

177 
 

 

Daylight simulation results for depth of model(aperture height x2.5x2) in east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 6898.57 6401.22 5679.61 4696.24 3737.04 2946.26 2329.10 1847.00 1460.92 1155.04 944.15 760.10 617.03 502.73 428.08 368.68 331.78 312.29 352.08

B 60872.30 59553.90 58034.20 5266.07 4187.77 3316.33 2610.90 2062.21 1609.38 1269.10 1020.25 821.15 655.37 534.05 451.56 372.27 338.37 319.76 345.71

C 60994.20 60112.80 58697.10 5808.99 4558.07 3607.53 2838.13 2226.51 1725.36 1357.92 1077.07 861.19 694.80 567.25 464.20 392.89 364.73 346.30 348.02

D 61094.30 60343.00 59020.90 6152.81 4838.94 3816.24 2980.32 2344.17 1819.99 1420.86 1117.04 892.72 713.43 575.29 488.67 419.94 357.04 355.92 349.43

E 61164.90 60468.20 59161.00 6292.61 4925.81 3896.49 3050.63 2392.72 1848.04 1444.59 1138.54 899.20 725.47 586.92 477.75 428.24 367.74 356.26 351.91

F 61173.80 60473.40 59169.00 6286.84 4968.68 3875.34 3051.26 2398.31 1841.50 1435.67 1134.26 891.29 722.75 580.85 491.57 420.01 374.03 346.87 337.45

G 61214.00 60487.60 59109.70 6154.10 4830.54 3757.36 2968.78 2302.29 1793.58 1391.26 1098.98 879.89 691.82 578.90 466.19 411.33 355.67 332.00 361.24

H 61218.10 60563.00 59083.40 5945.60 4597.36 3573.61 2794.69 2181.05 1696.83 1313.95 1052.17 837.05 677.24 532.92 450.49 401.98 345.14 336.39 343.92

I 59631.30 60923.30 59901.70 5657.31 4244.10 3243.47 2512.19 1983.82 1548.67 1213.51 980.13 805.50 638.80 529.72 436.13 384.93 339.82 317.80 344.12

A 6324.92 5574.11 4545.03 3502.36 2757.17 2197.92 1731.44 1378.99 1089.74 867.72 705.91 570.28 469.80 392.49 336.07 282.60 250.90 242.91 274.22

B 73292.00 71128.40 5311.47 4064.54 3163.21 2486.35 1944.77 1516.63 1201.45 948.33 763.90 614.68 506.29 416.40 346.59 302.89 274.54 258.66 259.31

C 73426.30 71805.20 5885.81 4463.51 3457.91 2684.98 2102.37 1637.93 1274.88 1008.39 804.65 645.70 527.03 428.30 365.70 317.07 278.63 270.25 276.82

D 73518.80 72055.40 6195.03 4728.73 3671.69 2839.27 2204.45 1719.73 1329.12 1037.69 830.12 665.11 536.91 443.13 375.45 325.15 292.25 263.86 271.94

E 73590.00 72169.60 6346.76 4869.61 3755.74 2924.10 2248.05 1752.86 1356.22 1056.97 837.52 672.82 539.34 447.12 380.00 308.32 295.72 275.73 271.61

F 73603.70 72221.40 6373.22 4848.53 3781.75 2899.88 2249.53 1752.37 1352.65 1051.60 837.18 678.94 538.57 442.44 374.60 326.17 296.08 274.03 258.36

G 73728.60 72271.10 6256.79 4799.19 3663.06 2814.02 2181.35 1698.08 1313.46 1030.02 816.75 658.34 532.42 439.86 368.11 316.44 287.21 262.76 277.13

H 73911.60 72410.10 6124.73 4537.54 3451.53 2656.30 2062.11 1603.87 1249.22 982.16 781.78 625.14 509.40 423.57 359.74 304.98 275.30 244.31 266.76

I 72952.60 73944.70 5633.23 4083.67 3113.29 2389.56 1867.04 1461.39 1142.99 908.47 735.24 599.07 480.17 400.82 344.97 299.10 265.13 245.26 273.07

A 5410.99 4372.82 3420.73 2677.70 2111.59 1667.22 1335.70 1064.62 843.23 682.05 555.51 453.97 375.11 316.10 256.29 234.39 225.20 235.28 283.54

B 80189.60 5543.40 4033.65 3101.83 2408.99 1889.66 1480.47 1170.44 919.92 733.32 592.13 481.07 389.34 327.62 280.75 246.93 234.26 215.97 230.53

C 80385.90 6176.89 4471.09 3400.38 2612.72 2023.13 1585.56 1233.08 966.59 773.12 624.49 504.19 414.35 345.17 296.51 254.52 237.95 230.31 218.73

D 80488.70 6398.36 4743.95 3586.39 2757.35 2116.35 1649.02 1283.21 1004.29 795.98 640.48 521.68 421.79 348.82 297.42 264.36 242.13 232.28 229.97

E 80535.20 6505.01 4840.49 3655.55 2821.07 2177.81 1684.50 1315.45 1030.40 798.48 646.70 527.07 429.52 358.22 295.39 264.66 239.33 228.86 231.89

F 80564.90 6508.45 4813.30 3644.99 2817.90 2170.36 1676.61 1305.51 1023.54 805.06 642.27 520.78 425.78 352.16 302.58 247.64 237.30 216.49 218.36

G 80585.70 6476.52 4723.79 3590.84 2735.79 2104.46 1626.52 1262.28 994.43 784.79 634.89 514.24 418.42 350.05 293.37 258.98 235.99 230.00 234.61

H 80805.10 6366.98 4484.40 3330.12 2579.19 1989.89 1538.42 1203.84 945.12 757.93 608.48 491.80 405.87 339.28 280.63 242.64 220.98 214.77 228.42

I 81183.00 5827.16 3999.88 2991.74 2296.80 1801.44 1412.22 1111.53 874.28 702.30 572.84 472.75 387.91 316.82 273.82 234.53 215.92 193.90 217.38

A 4311.25 3399.20 2657.93 2078.94 1668.75 1328.42 1060.49 851.64 685.72 549.51 455.06 374.17 315.71 256.42 228.64 192.51 183.96 166.04 205.44

B 6944.64 4290.12 3121.28 2395.68 1867.26 1462.62 1157.59 925.11 736.80 590.10 481.89 397.55 322.03 277.75 236.46 207.96 191.21 177.80 193.30

C 7184.16 4791.40 3446.17 2597.96 2003.24 1560.75 1222.98 966.33 767.22 614.17 501.82 411.59 339.31 274.77 236.77 218.27 196.82 185.88 191.44

D 7235.49 4954.75 3625.89 2746.04 2109.04 1626.17 1268.21 998.71 795.37 631.55 512.13 424.71 345.58 286.41 247.36 222.09 190.62 195.65 194.45

E 7260.82 5026.84 3707.39 2798.83 2155.37 1659.75 1295.73 1018.64 800.57 636.01 519.71 427.63 348.30 293.85 241.63 221.20 194.80 195.84 201.68

F 7276.52 5023.48 3658.37 2793.64 2119.90 1645.20 1276.38 1006.60 793.99 629.66 513.39 423.75 343.66 291.84 242.52 214.69 175.83 192.03 189.16

G 7236.97 4927.93 3600.39 2710.67 2065.06 1605.20 1244.67 983.22 777.83 626.71 505.99 415.26 336.56 286.24 243.43 213.57 187.78 183.80 194.47

H 7116.17 4714.73 3390.86 2538.28 1954.36 1515.40 1186.55 940.34 743.66 603.81 490.04 403.42 331.37 281.26 239.67 204.58 189.22 172.99 194.24

I 5693.72 4033.23 2960.82 2279.40 1762.92 1389.29 1093.57 879.16 698.51 565.02 465.25 380.15 312.28 267.01 231.69 198.03 179.37 171.94 190.79

A 3458.71 2843.87 2286.54 1827.68 1465.34 1183.30 945.68 758.10 607.59 497.01 405.01 336.65 270.95 237.82 200.03 182.44 154.14 141.19 188.43

B 5027.92 3427.18 2645.24 2092.07 1648.72 1297.74 1036.92 819.56 656.02 529.08 433.47 358.62 294.85 247.70 211.27 187.65 172.15 166.46 174.18

C 5161.46 3736.14 2872.49 2241.54 1769.37 1385.27 1092.20 869.24 686.12 548.56 449.60 365.39 304.19 256.41 218.63 187.67 172.56 171.31 174.98

D 5220.60 3868.24 3015.05 2348.52 1844.28 1435.32 1129.20 884.72 707.97 565.50 458.92 373.75 311.55 259.27 221.35 198.13 180.08 173.43 173.72

E 5255.57 3916.17 3063.88 2391.32 1868.90 1463.82 1140.32 903.14 714.66 566.14 459.56 379.09 313.09 261.59 225.35 190.14 171.04 173.13 162.82

F 5270.04 3893.68 3007.81 2355.69 1848.05 1449.20 1130.92 892.93 703.70 570.48 458.83 376.41 310.78 262.46 224.99 197.01 175.33 160.35 163.15

G 5238.54 3830.30 2934.21 2300.48 1790.75 1390.14 1099.92 867.94 693.79 556.24 449.75 371.21 304.26 256.44 219.39 193.25 180.56 176.12 181.52

H 5142.97 3628.50 2761.78 2149.79 1689.84 1337.56 1039.16 827.13 652.31 535.04 436.71 341.96 297.40 250.08 213.68 186.90 173.87 169.82 178.14

I 4039.00 3149.83 2411.67 1919.27 1520.53 1198.05 955.97 765.31 611.05 500.71 411.16 344.64 282.10 238.49 202.74 182.07 163.93 145.93 173.91

A 2970.02 2519.09 2039.22 1644.26 1331.54 1071.54 860.34 691.51 555.32 446.16 373.31 303.39 255.62 218.39 187.30 158.05 157.85 158.54 200.21

B 4018.35 2928.39 2335.87 1860.72 1485.94 1176.77 938.78 748.55 601.26 482.41 393.84 326.55 266.75 227.54 195.19 174.94 170.30 173.94 166.09

C 4127.25 3163.68 2504.33 1996.06 1580.17 1242.87 985.42 779.79 623.26 500.92 407.06 334.65 276.84 234.07 195.13 179.77 156.42 167.42 150.54

D 4185.81 3270.95 2631.87 2078.00 1647.32 1292.58 1011.54 802.57 637.02 510.17 415.53 342.04 278.98 238.09 201.12 181.29 160.38 158.85 164.82

E 4189.25 3309.58 2626.87 2111.46 1666.62 1302.48 1027.09 814.34 642.38 511.46 414.83 338.33 282.32 237.63 203.84 182.50 164.46 152.64 160.99

F 4182.53 3276.94 2615.36 2078.29 1642.83 1287.58 1011.47 802.31 635.41 508.67 414.36 339.40 280.71 237.27 206.16 180.14 164.76 151.70 168.50

G 4154.78 3206.60 2548.38 2025.52 1582.32 1254.14 994.11 781.30 625.88 496.85 406.21 334.28 277.10 229.80 200.06 176.76 163.81 153.97 154.90

H 4054.73 3026.21 2387.41 1869.97 1497.21 1181.69 935.49 741.32 589.24 482.32 393.22 323.06 269.57 227.36 190.86 170.26 151.60 142.07 154.78

I 3221.52 2614.07 2079.44 1669.99 1335.51 1075.93 851.81 688.10 550.47 448.48 367.56 308.85 256.29 213.80 187.19 166.07 147.95 132.63 178.17

A 2604.24 2234.75 1818.75 1482.29 1193.11 966.56 776.66 624.35 501.36 408.51 342.81 280.12 236.51 199.73 157.25 140.96 127.08 126.57 168.04

B 3445.60 2596.17 2082.35 1668.04 1327.14 1046.43 837.80 669.14 535.82 437.94 357.46 294.53 238.72 205.58 177.61 145.34 144.44 131.75 136.96

C 3513.68 2778.35 2222.72 1775.52 1412.09 1101.04 878.77 702.79 555.10 446.97 369.03 305.60 249.56 214.61 182.98 157.34 138.48 136.41 148.96

D 3559.06 2858.03 2316.41 1852.56 1457.25 1145.70 903.05 719.94 572.35 457.48 372.23 308.22 257.51 215.76 185.25 162.75 132.94 139.71 140.80

E 3561.05 2869.82 2341.60 1865.02 1471.66 1160.21 909.26 725.15 572.14 465.08 380.06 314.68 259.25 215.16 186.04 162.86 148.09 137.77 138.94

F 3556.69 2873.04 2290.21 1829.32 1444.51 1153.57 901.32 719.28 564.17 459.60 374.30 309.95 256.38 217.67 179.54 159.63 151.44 143.67 145.35

G 3546.80 2807.71 2234.66 1777.33 1407.82 1105.32 874.23 694.94 550.58 446.39 362.86 305.31 253.94 215.94 170.54 161.06 148.93 138.91 150.81

H 3461.58 2633.74 2088.97 1651.80 1325.13 1044.25 835.79 659.21 536.43 431.59 354.79 294.51 246.62 208.26 179.50 148.66 138.27 139.46 150.53

I 2666.75 2248.52 1820.17 1471.89 1184.57 944.61 769.82 615.10 496.04 406.28 335.53 281.44 230.23 200.08 171.52 152.81 131.39 119.69 165.96

A 2157.69 1860.81 1524.29 1244.21 997.50 802.97 645.65 525.67 421.30 346.03 285.16 240.05 203.61 174.56 150.08 129.58 111.84 100.77 149.84

B 2879.29 2165.16 1734.50 1379.31 1096.63 859.89 684.89 551.99 446.52 360.77 297.36 248.75 204.61 175.07 151.54 123.62 118.95 121.97 132.72

C 2912.52 2336.17 1843.99 1471.84 1156.02 911.85 724.83 575.96 458.19 368.71 305.50 255.47 210.63 181.23 141.87 133.31 121.10 112.76 130.60

D 2929.97 2378.73 1929.69 1524.45 1211.15 936.21 741.12 590.87 472.83 379.49 310.47 257.37 206.39 183.72 144.09 129.93 129.07 121.15 134.43

E 2946.32 2405.80 1941.05 1546.58 1212.87 947.78 750.31 601.04 474.19 379.69 314.27 258.94 204.92 174.23 151.82 118.08 120.04 121.08 119.76

F 2938.49 2382.04 1912.95 1515.15 1203.19 951.31 738.95 593.44 471.00 376.32 310.77 257.42 211.48 182.50 151.76 139.37 127.47 121.69 130.64

G 2933.21 2331.38 1863.66 1483.47 1159.49 914.34 716.56 575.42 464.07 370.89 303.29 252.84 211.81 177.17 143.37 136.20 127.78 126.25 120.75

H 2874.93 2190.67 1727.26 1368.57 1086.65 867.51 684.74 553.24 444.42 360.80 297.18 246.37 205.41 174.62 153.00 135.19 122.05 121.87 119.79

I 2155.61 1849.47 1499.17 1219.57 985.41 792.58 646.45 519.78 420.05 342.41 286.10 239.51 195.18 169.52 148.14 129.48 118.50 102.86 113.54

A 1523.89 1312.88 1055.07 853.83 687.16 547.36 440.74 359.75 292.29 237.30 197.75 167.40 139.47 113.00 104.50 90.58 83.96 76.07 109.30

B 2100.03 1549.92 1203.86 948.01 729.34 581.29 462.82 370.67 302.14 243.56 204.30 171.54 137.54 108.68 94.91 86.37 85.32 80.81 87.75

C 2131.95 1663.39 1304.25 1010.25 794.47 618.17 489.58 389.87 304.67 252.98 207.54 173.24 135.11 112.97 105.88 77.81 70.68 84.31 91.80

D 2148.21 1717.11 1360.66 1061.15 821.38 636.24 507.88 400.21 318.45 259.14 210.02 168.79 144.94 122.85 95.67 93.80 86.87 85.26 91.99

E 2138.13 1734.90 1366.63 1069.34 832.30 646.85 506.83 407.13 318.65 254.75 213.05 177.41 139.22 121.87 103.89 96.14 88.76 73.70 88.41

F 2149.46 1710.10 1350.68 1054.81 821.49 638.34 499.16 403.69 312.74 253.39 211.84 175.66 146.24 123.04 101.89 92.51 83.68 81.61 78.22

G 2151.98 1677.83 1315.44 1024.07 785.46 617.63 488.16 391.51 311.09 253.25 209.98 174.24 141.51 108.97 94.24 86.33 73.83 87.28 97.23

H 2105.10 1573.83 1219.68 953.01 743.13 584.46 467.88 373.26 301.13 250.40 205.46 170.91 143.01 120.13 105.00 80.68 80.73 68.80 95.58

I 1555.67 1311.46 1065.28 853.62 680.37 550.63 444.81 359.50 292.61 241.90 198.28 169.19 138.04 109.56 101.74 86.82 81.95 80.66 136.06
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Daylight simulation results for depth of model(aperture height x2.5) in west orientation

1 2 3 4 5 6 7 8 9

A 2722.61 2232.03 1794.63 1433.13 1155.82 950.08 793.16 694.43 653.63

B 3480.31 2606.02 2040.60 1604.50 1283.43 1038.40 866.46 762.88 721.67

C 3579.63 2763.44 2200.54 1718.04 1369.15 1097.80 913.41 813.18 758.27

D 3591.07 2848.97 2272.96 1796.80 1415.29 1138.76 952.65 844.47 793.55

E 3603.60 2860.20 2301.22 1818.43 1435.40 1148.23 961.50 851.81 800.19

F 3590.35 2832.64 2268.38 1790.45 1423.58 1146.26 951.18 847.42 802.27

G 3538.71 2752.77 2182.32 1727.59 1372.27 1111.56 922.10 819.61 768.66

H 3493.68 2581.15 2033.13 1617.04 1291.49 1046.95 882.63 777.66 721.36

I 2619.22 2223.83 1789.88 1454.02 1169.15 959.43 803.08 702.12 655.28

A 3288.06 2598.58 2032.06 1610.21 1306.23 1057.04 887.23 767.64 700.27

B 4117.78 2981.15 2328.64 1819.77 1454.26 1165.01 965.22 856.11 784.94

C 4227.96 3172.24 2491.10 1949.61 1535.78 1240.80 1025.17 906.54 831.14

D 4247.01 3259.45 2557.11 2024.26 1588.50 1276.32 1065.79 936.89 866.22

E 4252.27 3280.64 2594.47 2039.96 1602.58 1296.29 1077.54 945.91 880.38

F 4221.48 3224.26 2549.11 2015.41 1594.32 1276.19 1060.41 935.82 871.72

G 4157.20 3139.16 2459.48 1940.16 1528.73 1228.04 1025.92 907.49 848.31

H 4087.29 2912.10 2277.45 1829.50 1443.11 1163.62 964.97 850.33 790.62

I 2987.95 2509.48 2001.66 1619.83 1298.82 1053.32 887.38 774.35 711.31

A 4266.94 3130.11 2366.02 1845.07 1468.40 1179.55 986.52 847.60 778.77

B 5265.65 3592.38 2710.38 2074.70 1636.77 1308.98 1082.07 941.77 860.13

C 5374.64 3809.10 2880.87 2223.07 1742.58 1391.14 1147.04 1005.61 912.17

D 5400.12 3871.35 2965.13 2299.02 1790.89 1429.06 1184.95 1036.64 951.05

E 5378.25 3895.35 2964.12 2317.90 1813.15 1451.56 1194.95 1050.69 967.55

F 5324.68 3860.25 2919.08 2281.49 1780.93 1432.36 1182.29 1036.03 951.99

G 5243.93 3709.31 2803.19 2188.40 1714.39 1385.46 1143.51 998.56 917.83

H 5156.84 3410.58 2589.65 2022.85 1607.95 1305.95 1079.60 943.60 866.55

I 3538.96 2852.16 2242.45 1785.68 1441.61 1168.45 973.72 846.26 776.51

A 5948.21 4027.74 2882.07 2180.55 1709.04 1374.93 1124.74 971.73 891.40

B 7295.02 4639.30 3284.33 2452.75 1890.95 1498.80 1231.59 1063.04 978.45

C 7347.72 4884.06 3480.58 2598.44 1997.59 1581.58 1302.35 1136.80 1043.37

D 7396.98 4965.40 3560.51 2691.10 2064.88 1632.85 1343.28 1164.36 1082.28

E 7394.99 4971.76 3603.04 2688.85 2088.15 1624.98 1346.10 1183.01 1086.44

F 7363.96 4905.19 3510.48 2634.15 2030.91 1609.85 1330.68 1156.50 1079.41

G 7263.45 4686.20 3347.96 2510.02 1941.62 1556.25 1279.85 1118.93 1032.21

H 7119.62 4244.78 3031.49 2318.27 1809.59 1452.57 1203.30 1046.78 963.81

I 4386.61 3385.83 2590.72 2037.93 1623.58 1314.42 1101.35 944.29 861.63

A 80962.80 5682.74 3851.34 2857.53 2198.30 1751.97 1419.35 1204.97 1079.96

B 80590.50 6262.15 4348.25 3198.34 2472.53 1930.89 1561.81 1327.95 1215.56

C 80384.00 6383.41 4570.39 3420.53 2612.85 2049.73 1650.73 1422.00 1291.38

D 80344.10 6400.65 4681.47 3539.70 2705.42 2100.27 1712.32 1469.03 1329.10

E 80276.20 6402.92 4682.25 3525.85 2709.45 2129.97 1722.20 1474.20 1339.89

F 80254.60 6298.12 4546.68 3426.83 2645.62 2084.82 1689.80 1450.22 1321.77

G 80143.90 6056.02 4299.72 3259.05 2527.28 1982.19 1612.70 1385.36 1267.60

H 80022.80 5466.57 3890.84 2966.39 2318.46 1843.16 1496.47 1284.93 1175.90

I 5427.06 4349.49 3324.42 2568.97 2045.80 1628.03 1348.90 1151.20 1040.26

A 72426.50 73205.70 5464.70 3883.75 2942.08 2327.51 1855.58 1555.90 1396.07

B 73397.80 71760.90 5974.05 4352.10 3314.07 2565.73 2065.00 1736.45 1569.53

C 73232.50 71616.80 6100.10 4554.95 3515.53 2745.52 2191.48 1867.18 1671.31

D 73179.00 71624.20 6194.45 4676.66 3617.81 2827.04 2278.26 1921.81 1730.43

E 73097.10 71622.80 6161.53 4671.37 3613.67 2827.27 2273.29 1936.39 1734.47

F 73050.70 71444.40 6032.68 4523.88 3532.04 2773.15 2231.54 1887.14 1691.04

G 72923.70 71208.60 5668.12 4305.38 3338.32 2626.99 2134.37 1809.89 1606.47

H 72793.80 70564.40 5167.40 3921.71 3066.51 2443.49 1978.85 1668.05 1492.66

I 6392.29 5575.41 4408.32 3425.90 2687.99 2155.21 1756.84 1487.78 1331.84

A 58966.70 60192.80 58991.50 5400.06 4033.02 3127.24 2505.48 2093.21 1854.11

B 60571.20 59826.00 58207.80 5742.79 4447.84 3458.27 2787.33 2330.16 2108.43

C 60541.40 59780.00 58254.80 5914.26 4688.53 3718.40 2954.02 2507.81 2259.16

D 60534.60 59762.70 58336.20 6091.13 4796.35 3815.26 3082.61 2596.66 2342.89

E 60532.30 59757.30 58281.90 6075.56 4807.81 3818.51 3069.75 2620.96 2369.95

F 60459.20 59622.20 58184.90 5928.81 4665.77 3708.18 3008.35 2568.36 2305.06

G 60347.50 59379.80 57818.00 5615.09 4413.82 3536.29 2862.27 2415.18 2181.27

H 60225.00 58811.90 57195.00 5145.81 4072.35 3262.02 2650.94 2250.76 1994.74

I 6959.13 6457.26 5666.84 4624.58 3624.18 2882.63 2351.25 1968.31 1740.27

A 40752.20 40569.00 40224.30 40086.40 39275.30 4215.25 3432.40 2831.46 2526.06

B 42386.90 41826.90 40967.00 40124.70 39207.50 4377.22 3698.82 3153.92 2916.41

C 42521.20 42153.90 41335.40 40413.20 39459.90 4578.97 3906.93 3407.27 3142.27

D 42561.60 42261.40 41502.90 40618.70 39632.50 4763.01 4046.80 3519.42 3280.09

E 42582.10 42303.80 41566.60 40566.50 39651.80 4789.06 4059.34 3559.40 3322.37

F 42539.30 42199.80 41463.00 40475.00 39560.40 4742.93 3991.15 3481.92 3223.52

G 42459.00 42040.20 41203.60 40214.30 39290.00 4504.48 3807.62 3323.95 3037.11

H 42375.10 41628.30 40689.20 39762.30 38935.30 4215.27 3536.77 3064.43 2806.20

I 40409.80 6140.64 5778.12 5242.03 4635.98 3951.03 3292.03 2719.30 2410.62

A 18839.70 4037.32 3937.39 3733.36 3561.71 3425.00 3270.54 3188.71 2948.53

B 20195.00 19730.50 19275.00 18860.00 18525.20 18296.80 18052.30 17871.70 21505.60

C 20278.70 20036.90 19614.50 19211.80 18861.80 18564.20 18222.70 18027.30 21852.80

D 20338.50 20140.00 19782.60 19394.70 19048.20 18710.10 18391.50 18246.30 22001.80

E 20340.20 20185.60 19873.80 19466.10 19130.00 18811.10 18487.90 18324.40 22071.90

F 20370.20 20150.90 19861.50 19470.90 19150.60 18803.30 18509.10 18305.70 22172.00

G 20330.10 20093.50 19760.10 19390.50 19057.80 18745.00 18426.80 18254.40 22034.30

H 20262.50 19869.40 19468.00 19199.30 18952.60 18696.90 18362.40 18191.30 21925.30

I 19083.10 18990.90 18859.80 19046.80 19003.80 18826.20 18671.30 18584.10 22025.20
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Daylight simulation results for depth of model(aperture height x2.5x2) in west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 2696.79 2257.18 1833.03 1481.41 1193.96 956.32 767.15 619.50 502.35 408.83 338.79 287.83 239.35 204.44 162.34 157.98 143.38 136.77 154.87

B 3469.62 2652.62 2101.85 1664.38 1339.93 1051.22 833.31 665.19 534.80 436.66 358.36 298.42 250.85 212.76 167.01 161.12 152.52 134.33 144.23

C 3555.79 2804.36 2250.65 1796.01 1412.70 1110.98 878.35 699.75 560.09 446.79 368.29 305.25 256.16 215.49 185.15 168.98 147.48 154.36 157.19

D 3566.17 2877.84 2318.32 1845.92 1465.99 1147.13 901.48 723.21 576.42 468.36 377.30 313.95 261.80 220.92 178.49 173.13 159.35 152.72 158.45

E 3572.59 2888.12 2342.43 1878.73 1485.48 1164.47 924.39 729.25 580.42 466.59 382.98 319.00 266.77 216.72 196.22 171.14 154.56 155.18 159.27

F 3578.73 2861.89 2328.72 1858.00 1476.93 1147.03 909.98 717.97 582.61 465.58 382.08 316.25 264.30 219.55 197.06 163.80 154.44 150.12 166.73

G 3537.82 2789.15 2240.37 1798.54 1428.46 1118.50 881.51 710.12 562.57 454.60 373.29 317.61 262.04 223.69 180.99 173.87 159.63 157.11 165.32

H 3474.35 2616.35 2083.30 1680.71 1329.30 1062.43 848.34 677.23 546.23 442.69 366.86 305.46 251.55 216.48 191.34 162.75 159.19 158.77 169.40

I 2644.62 2272.20 1846.76 1493.63 1208.72 973.97 777.42 633.01 510.79 416.97 347.34 293.08 247.26 209.94 180.18 161.12 150.95 150.06 155.07

A 3244.18 2630.17 2082.78 1676.66 1338.00 1061.67 863.46 690.35 554.45 451.54 369.53 310.03 256.51 217.86 186.86 161.27 139.17 143.10 166.98

B 4097.26 3043.08 2397.78 1896.80 1505.22 1193.05 936.39 746.57 596.05 483.55 393.50 326.47 269.44 229.71 198.03 174.42 150.56 142.86 161.52

C 4209.88 3222.82 2544.61 2029.47 1585.72 1264.78 987.12 784.82 626.33 503.51 407.01 336.53 281.24 232.26 200.88 177.68 158.37 164.48 160.07

D 4225.24 3303.77 2624.45 2097.51 1651.97 1293.86 1011.22 810.05 641.92 513.90 417.94 337.91 284.89 238.48 198.44 170.20 150.98 160.53 163.48

E 4224.88 3328.05 2642.86 2123.01 1675.29 1306.23 1028.87 813.82 648.14 512.37 419.71 345.63 286.96 238.68 203.70 178.62 153.22 163.84 158.79

F 4192.47 3283.06 2633.82 2091.11 1649.34 1294.47 1018.07 807.11 640.16 513.09 419.10 342.66 283.33 238.60 207.21 182.68 168.26 161.91 157.91

G 4170.44 3171.65 2526.95 2016.75 1601.21 1251.68 986.18 787.67 616.97 499.46 411.50 334.85 277.80 233.93 193.54 172.41 161.63 158.26 151.44

H 4052.33 2965.87 2366.83 1886.61 1501.43 1185.68 938.53 747.37 599.92 484.05 396.13 327.86 272.94 224.59 193.22 173.64 159.89 156.78 164.27

I 2986.95 2556.41 2059.65 1655.64 1340.89 1078.45 863.80 691.66 561.25 448.40 374.11 311.95 258.95 217.28 183.34 164.40 135.42 131.25 161.95

A 4164.31 3175.90 2447.58 1916.59 1518.25 1203.58 959.75 771.55 616.83 500.10 409.30 340.37 282.29 239.72 205.57 177.84 160.82 155.95 169.50

B 5238.03 3666.20 2788.30 2161.55 1702.80 1339.03 1045.09 833.45 657.93 534.72 435.96 361.19 299.43 253.83 216.29 178.83 169.80 170.41 175.06

C 5342.94 3869.35 2955.82 2332.65 1788.37 1424.45 1104.61 872.76 694.94 559.75 454.00 370.63 301.39 256.78 220.15 182.85 180.62 167.97 174.98

D 5383.82 3963.58 3058.80 2396.83 1863.47 1449.96 1134.45 894.84 706.84 570.67 461.20 377.58 313.01 262.70 225.01 201.78 184.47 175.52 169.82

E 5361.56 3998.12 3061.56 2398.44 1883.58 1468.66 1147.35 905.95 717.44 575.52 463.79 380.28 312.82 262.50 225.39 199.46 175.44 174.27 175.16

F 5367.83 3922.03 3034.22 2360.42 1857.27 1447.20 1130.76 894.88 707.29 566.94 460.27 376.07 313.73 261.84 215.23 196.35 176.99 169.77 180.29

G 5272.47 3790.63 2901.29 2276.68 1780.92 1401.49 1091.33 870.16 687.24 554.88 453.46 372.29 307.35 259.56 212.45 190.30 172.68 173.80 176.02

H 5154.65 3472.94 2679.49 2114.78 1656.71 1310.21 1039.46 828.65 660.80 532.50 437.79 358.98 299.15 244.54 212.33 188.21 169.30 164.14 178.62

I 3544.59 2902.09 2310.68 1857.57 1483.65 1186.60 955.56 763.62 612.74 497.32 409.44 343.55 279.98 237.20 205.88 180.95 164.60 152.86 177.22

A 5939.46 4129.05 2998.37 2280.60 1777.69 1391.47 1107.26 893.83 708.44 576.64 469.98 390.14 320.55 274.96 236.39 202.37 162.59 177.34 169.59

B 7294.70 4768.68 3420.24 2549.90 1976.08 1540.03 1192.01 958.70 760.01 609.63 500.73 409.38 339.77 287.21 247.09 212.79 195.66 184.95 201.40

C 7358.69 5019.21 3629.02 2744.39 2090.94 1615.30 1265.64 992.35 789.46 633.20 515.50 421.81 343.42 289.54 250.04 220.16 202.53 188.67 196.46

D 7358.16 5097.53 3710.08 2802.66 2135.49 1675.18 1298.04 1024.41 806.10 643.19 521.87 428.92 350.86 297.42 253.73 218.81 203.74 197.31 202.62

E 7369.36 5093.32 3747.35 2816.57 2168.47 1677.28 1303.46 1027.55 806.67 646.32 526.44 428.99 354.39 290.13 253.50 224.62 204.34 188.30 195.92

F 7370.40 5045.61 3700.98 2793.60 2118.29 1645.88 1283.03 1010.02 798.59 636.93 514.66 426.89 351.88 294.75 255.56 222.43 205.49 190.00 187.14

G 7214.02 4844.79 3496.39 2625.54 2025.75 1581.12 1244.82 979.67 779.37 624.94 507.03 417.93 347.66 290.42 240.69 215.32 186.65 193.14 196.82

H 7048.38 4354.78 3181.54 2442.65 1887.84 1478.82 1172.18 928.96 739.68 595.37 487.12 403.65 334.82 275.06 239.89 210.85 195.49 180.89 201.99

I 4399.53 3463.38 2684.88 2129.10 1674.15 1338.33 1061.76 858.49 680.39 561.22 457.33 381.84 318.47 265.40 228.97 195.98 184.96 175.57 193.46

A 80965.80 5909.78 4047.42 3008.46 2324.00 1806.04 1427.88 1112.55 880.97 708.51 576.51 458.56 394.51 326.02 282.04 237.24 219.23 203.44 228.38

B 80566.90 6467.60 4541.42 3400.80 2606.65 1994.20 1558.41 1217.23 952.66 766.35 610.45 498.89 404.27 337.88 290.37 258.36 230.83 215.16 230.84

C 80342.70 6541.24 4764.17 3618.03 2760.92 2126.75 1641.39 1282.63 1007.83 791.67 635.15 515.82 419.18 344.44 300.74 264.78 239.32 237.10 231.08

D 80294.20 6556.31 4860.43 3697.53 2838.54 2198.18 1689.76 1329.81 1026.67 805.65 647.48 524.65 424.48 359.24 306.96 265.14 233.87 231.83 233.32

E 80285.30 6524.30 4823.26 3705.08 2858.95 2200.64 1693.40 1330.42 1036.78 820.05 648.04 525.48 434.16 355.80 306.75 273.04 247.16 235.00 242.24

F 80247.00 6463.25 4776.44 3598.78 2800.54 2146.26 1673.63 1303.05 1011.49 808.82 638.25 519.74 416.18 347.15 303.75 269.18 243.06 232.22 244.34

G 80128.50 6218.89 4502.51 3403.74 2631.67 2036.80 1604.12 1253.18 976.54 779.10 624.90 507.64 418.20 351.55 301.69 256.50 235.39 212.40 230.66

H 79976.00 5607.95 4055.59 3135.08 2439.70 1899.68 1493.19 1175.47 924.48 735.81 600.31 488.09 401.26 338.57 287.69 251.82 229.83 221.50 224.12

I 5470.95 4463.48 3442.14 2703.21 2127.14 1685.74 1333.46 1067.42 850.82 686.72 559.01 456.99 378.05 317.71 274.30 236.87 207.80 205.85 190.32

A 72438.90 73431.10 5766.38 4151.43 3126.16 2399.25 1888.17 1478.30 1162.20 929.75 746.40 610.10 495.00 412.92 350.82 291.30 272.35 250.54 242.66

B 73382.50 71908.10 6261.14 4571.33 3502.24 2713.03 2089.30 1633.20 1268.19 1001.18 783.65 641.87 521.48 432.05 364.28 305.60 287.19 264.51 277.10

C 73217.10 71829.90 6368.31 4848.58 3736.02 2875.54 2200.18 1724.03 1341.82 1049.92 836.15 663.23 541.47 441.22 375.36 327.02 279.94 280.98 280.65

D 73129.90 71766.50 6458.77 4961.01 3833.61 2957.25 2293.05 1784.25 1370.19 1077.81 852.40 666.32 549.55 453.00 386.43 298.53 295.71 283.75 288.35

E 73096.60 72194.00 6385.87 4927.97 3843.30 2954.60 2296.61 1782.30 1371.44 1081.45 849.83 688.08 562.98 452.42 381.65 334.07 297.21 269.92 274.57

F 73008.90 71589.40 6311.43 4812.70 3744.30 2882.91 2229.49 1730.09 1349.75 1062.80 833.36 678.62 540.23 452.21 377.55 330.72 295.89 284.32 271.73

G 72911.60 71368.20 5971.76 4528.60 3510.45 2744.54 2119.32 1671.54 1298.70 1020.48 813.68 656.25 530.09 438.38 370.09 310.26 283.45 272.73 279.97

H 72783.60 70670.50 5398.33 4142.23 3223.28 2527.56 1979.07 1546.52 1221.55 971.12 769.46 623.03 508.40 415.69 356.74 306.25 279.79 264.06 276.10

I 6370.88 5642.63 4593.55 3576.73 2815.03 2227.66 1756.72 1403.53 1109.20 887.75 714.18 579.00 475.80 395.71 337.33 292.29 263.33 238.24 260.09

A 58943.20 60123.30 59221.70 5759.19 4325.54 3285.35 2557.40 2002.56 1577.18 1242.18 1005.76 795.43 658.25 540.26 452.46 393.34 319.64 290.64 380.38

B 60554.90 59865.00 58388.40 6020.01 4627.76 3618.97 2820.94 2198.74 1725.89 1365.89 1076.90 854.02 685.49 568.06 471.68 398.09 354.34 329.00 358.06

C 60518.30 59797.40 58455.70 6286.38 4909.69 3826.64 3003.90 2352.57 1835.18 1431.04 1124.84 896.87 715.97 581.74 485.72 418.15 362.55 345.61 355.56

D 60517.70 59801.60 58486.30 6347.00 5003.81 3975.34 3083.56 2435.12 1884.15 1458.13 1156.60 908.45 731.49 578.59 502.65 419.74 388.93 361.40 365.53

E 60472.90 60056.10 58503.30 6350.21 5012.87 3950.99 3108.76 2448.57 1879.62 1468.61 1154.40 920.06 738.00 601.63 493.92 429.55 382.33 351.63 365.47

F 60426.00 59664.10 58415.40 6192.17 4905.68 3838.71 3013.76 2380.27 1869.52 1427.99 1140.43 918.36 713.29 594.28 494.67 426.29 380.99 357.29 329.01

G 60299.70 59425.90 58069.10 5906.16 4637.84 3651.15 2881.23 2252.62 1772.26 1386.41 1103.08 873.76 714.46 590.44 487.51 417.73 351.60 340.70 346.74

H 60185.80 58886.50 57413.10 5407.76 4237.97 3364.85 2661.96 2095.54 1636.43 1301.42 1038.79 829.98 665.04 550.10 459.39 395.44 360.24 336.31 340.31

I 6901.91 6412.28 5765.24 4767.36 3802.81 2973.61 2362.10 1887.03 1483.48 1179.83 951.70 769.87 630.50 509.77 437.87 377.08 326.69 311.76 304.78

A 40691.60 40470.60 40146.10 40111.50 39381.80 4272.44 3504.79 2753.72 2137.73 1702.43 1370.39 1106.73 849.14 733.58 607.53 507.10 449.05 424.21 528.20

B 42391.70 41848.20 40995.20 40189.80 39259.50 4437.34 3647.55 2955.19 2363.68 1882.07 1491.21 1186.30 957.00 773.20 623.49 511.60 462.74 459.09 459.94

C 42456.90 42102.30 41362.60 40481.60 39511.50 4627.37 3839.64 3139.72 2510.77 1967.80 1581.06 1257.48 942.24 815.14 632.52 540.39 508.75 456.93 465.14

D 42503.80 42213.30 41532.00 40626.60 39683.30 4813.77 3961.44 3240.53 2605.13 2038.43 1621.35 1298.73 1020.33 837.39 679.36 580.82 510.25 473.20 444.72

E 42507.10 42363.40 41582.90 40678.40 39732.40 4814.77 3972.99 3274.13 2620.57 2054.83 1641.90 1313.04 1036.17 843.05 688.07 591.09 509.73 435.22 495.72

F 42477.40 42174.80 41516.20 40586.50 39639.40 4735.37 3938.07 3194.98 2570.31 2023.73 1609.35 1279.56 958.72 825.00 648.54 575.22 487.95 479.63 440.55

G 42383.60 42052.90 41261.40 40338.20 39353.40 4542.02 3745.13 3083.10 2467.98 1932.33 1545.22 1227.69 999.36 801.25 648.05 548.56 449.82 461.80 468.44

H 42298.70 41609.30 40749.50 39877.10 39006.00 4272.56 3516.74 2870.10 2298.13 1824.50 1440.41 1167.25 919.35 723.13 604.76 531.31 462.42 445.21 428.24

I 40345.20 6102.93 5791.95 5234.07 4635.28 4017.91 3315.50 2605.64 2058.62 1626.99 1310.87 1064.38 840.68 707.46 559.91 499.42 400.94 413.15 514.09

A 18624.20 3833.18 3670.38 3426.91 3180.04 2953.61 2729.83 2518.89 2288.19 2099.44 1893.15 1682.35 1405.50 1159.03 968.65 792.01 646.90 557.94 553.91

B 20103.80 19581.00 19051.20 18594.20 18234.50 17879.90 17602.70 17351.70 17067.00 16814.10 1992.07 1749.23 1499.78 1266.28 965.58 888.60 726.67 685.32 661.19

C 20131.10 19845.70 19411.60 18954.40 18492.50 18120.60 17813.50 17547.20 17226.50 16950.20 2100.10 1816.46 1564.08 1337.20 1106.46 920.23 769.88 710.92 706.97

D 20165.70 19936.90 19565.70 19112.00 18701.00 18289.00 17983.70 17672.50 17384.00 17082.10 2195.30 1937.61 1657.48 1397.37 1088.45 967.29 833.89 742.66 681.66

E 20188.30 20033.00 19607.80 19197.80 18779.30 18399.00 18035.40 17751.50 17433.20 17115.50 2226.17 1963.50 1679.11 1426.85 1174.44 1000.34 853.55 764.34 703.26

F 20192.00 19952.20 19632.70 19191.70 18777.40 18375.50 18057.60 17753.90 17429.00 17140.90 2240.09 1916.49 1693.53 1359.60 1174.25 948.90 848.42 763.22 712.24

G 20159.80 19874.10 19503.60 19102.60 18700.00 18317.00 17960.80 17664.10 17365.70 17076.70 2186.49 1928.22 1642.78 1376.61 1130.99 952.91 813.62 734.31 696.76

H 20124.20 19665.00 19263.80 18913.20 18575.20 18262.30 17924.80 17605.30 17257.40 16969.80 2097.56 1849.29 1560.11 1250.40 1083.79 907.81 788.00 645.41 669.33

I 18892.40 18764.70 18636.80 18531.60 18604.00 18320.00 18044.50 17813.30 17526.70 17124.30 2072.80 1820.31 1507.51 1220.88 996.42 835.40 693.29 581.64 653.98
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Daylight simulation results of H01 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 4984.22 4466.89 3773.45 3035.08 2523.29 1938.82 1795.56 1300.01 1097.75 945.02 828.82 718.85 569.32 629.81 575.74 443.03 352.73 319.91 370.39

B 42456.90 41424.70 4358.82 3432.95 2751.29 2219.92 1799.64 1444.90 1209.17 1014.23 851.87 751.32 660.76 574.31 491.32 403.04 354.24 362.00 343.47

C 42546.80 41753.10 4709.78 3747.81 2973.81 2372.65 1929.61 1544.84 1273.11 1054.37 898.48 759.65 656.75 572.32 484.97 416.01 379.78 362.20 511.21

D 42631.30 41874.30 4903.60 3915.38 3141.24 2501.66 1997.70 1635.61 1331.20 1102.15 915.77 777.86 670.26 587.74 499.17 438.74 386.19 376.06 402.37

E 42672.20 41939.20 4975.79 3990.57 3222.27 2562.49 2037.71 1659.87 1332.88 1117.56 932.11 785.17 668.77 568.69 498.33 422.86 374.68 392.25 369.77

F 42672.80 41935.80 4974.52 3959.32 3172.12 2535.04 2028.26 1630.83 1344.80 1104.05 925.38 789.29 647.95 568.93 493.59 427.24 371.57 368.07 326.85

G 42607.20 41856.60 4858.91 3853.45 3070.18 2438.15 1958.25 1564.97 1279.14 1074.00 918.87 772.08 637.89 542.49 466.82 394.05 383.24 357.34 324.11

H 42535.80 41713.60 4620.83 3611.48 2881.14 2283.32 1825.60 1467.69 1200.88 1018.89 853.60 725.23 582.61 496.14 425.92 362.44 349.66 323.07 307.80

I 41596.80 41948.30 4186.80 3279.96 2610.97 2064.10 1812.86 1329.55 1063.89 892.16 779.35 692.52 529.43 454.81 390.19 327.46 317.69 288.77 294.32

A 4289.36 3766.33 2944.93 2386.38 1978.37 1533.89 1506.04 1049.95 973.68 802.77 620.47 870.16 482.76 436.53 397.68 324.11 308.21 325.10 305.49

B 46598.80 4573.33 3508.68 2800.97 2238.52 1759.39 1437.14 1167.61 979.63 846.45 709.57 624.91 560.67 478.00 446.89 383.98 346.90 339.01 278.80

C 46639.50 4893.63 3856.63 3040.61 2391.39 1900.22 1533.56 1242.06 1012.13 850.03 726.51 615.82 544.04 483.18 417.16 380.74 347.06 321.84 275.29

D 46679.70 5023.07 4006.43 3183.29 2537.28 1995.09 1592.37 1275.28 1061.56 869.24 750.23 621.08 543.29 476.78 416.52 355.37 335.54 311.59 323.50

E 46730.20 5068.49 4056.35 3215.89 2566.06 2031.44 1605.87 1307.32 1059.23 892.02 742.71 612.43 534.77 453.22 403.25 343.73 309.55 292.20 295.27

F 46675.00 5045.91 4017.12 3164.46 2534.61 2000.10 1595.23 1280.42 1050.27 882.27 730.57 624.57 529.32 446.76 388.98 317.76 270.05 275.76 235.81

G 46625.60 4928.40 3906.39 3089.59 2435.47 1938.56 1543.99 1255.10 1030.30 853.74 699.80 588.23 505.26 444.32 370.25 306.85 264.54 257.69 253.07

H 46542.00 4738.09 3675.94 2883.64 2288.96 1816.89 1461.17 1201.17 992.34 803.32 661.91 547.12 471.34 403.30 339.35 292.44 266.07 260.47 485.64

I 45868.60 4225.31 3339.36 2655.36 1992.14 1602.95 1488.90 1057.78 901.28 714.86 594.38 496.89 432.29 370.94 315.34 279.01 240.86 218.23 213.45

A 3467.66 3091.09 2530.37 2006.79 1605.02 1298.46 1329.49 977.11 772.37 709.08 718.31 479.41 401.30 330.49 303.11 283.40 270.64 296.93 255.46

B 4946.75 3721.68 2907.78 2314.24 1853.27 1474.62 1215.26 1000.51 838.68 728.63 614.09 499.73 444.52 378.31 343.48 341.80 333.74 294.46 250.61

C 4929.19 4050.08 3181.18 2502.52 2002.04 1606.86 1279.41 1062.64 884.19 745.40 643.42 549.01 461.66 400.14 344.47 326.75 290.05 281.16 251.05

D 4946.61 4145.05 3311.98 2613.91 2090.40 1666.58 1332.83 1092.18 916.17 765.46 656.87 557.02 470.81 397.59 365.97 324.67 299.24 296.10 314.03

E 4966.34 4157.39 3343.98 2660.11 2118.03 1691.64 1354.67 1108.29 904.30 766.43 666.58 562.30 472.34 416.84 362.10 298.86 300.41 304.49 281.38

F 4937.76 4144.90 3301.44 2653.82 2101.20 1663.85 1340.36 1093.12 894.12 738.08 632.30 553.45 474.32 418.60 362.19 328.28 277.15 287.84 237.10

G 4890.55 4031.63 3222.20 2554.72 2043.59 1628.33 1315.96 1064.34 865.51 710.46 594.31 514.84 448.81 389.94 344.64 292.52 274.48 260.61 229.79

H 4817.62 3854.93 3015.65 2382.92 1914.31 1540.24 1222.38 985.09 792.94 649.28 560.96 485.41 425.95 381.28 307.95 271.67 247.76 252.01 220.87

I 4034.30 3338.35 2654.07 2160.75 1669.44 1343.92 1252.10 871.01 706.93 598.43 502.08 422.66 382.03 484.19 285.82 254.89 223.71 208.67 216.34

A 2641.69 2302.82 2040.42 1598.84 1298.25 1374.99 1112.57 792.06 887.78 675.36 837.10 683.95 662.53 438.01 356.89 329.38 267.61 249.65 237.29

B 3807.09 2817.26 2245.02 1844.06 1509.63 1276.22 1093.66 911.94 794.94 667.27 593.21 520.46 464.34 421.48 382.26 359.90 310.11 279.91 413.92

C 3774.56 3048.34 2421.41 1939.50 1596.42 1336.12 1117.95 955.22 805.60 705.46 605.61 545.28 480.07 415.62 379.89 355.35 321.94 314.70 345.77

D 3749.54 3120.24 2486.87 2018.88 1645.98 1358.79 1153.49 983.54 839.68 713.40 643.89 565.62 504.31 436.42 415.08 352.64 318.30 299.40 294.62

E 3745.51 3112.91 2520.63 2038.48 1657.50 1375.00 1162.29 988.91 828.22 720.79 639.87 561.58 501.36 453.09 406.82 359.14 306.92 282.74 361.76

F 3738.00 3100.42 2495.46 2024.73 1666.96 1371.43 1140.19 956.14 827.93 719.24 640.71 545.12 492.88 442.45 380.00 333.08 301.30 274.71 552.84

G 3694.04 3030.34 2407.97 1970.99 1623.83 1330.00 1124.20 943.59 801.53 684.03 598.01 528.17 468.99 415.08 346.56 307.38 271.03 268.99 254.93

H 3674.37 2866.33 2277.10 1866.40 1559.24 1306.80 1074.36 884.46 728.64 623.71 559.23 485.31 428.93 369.15 325.70 284.82 259.22 241.48 237.70

I 2873.57 2516.07 1973.71 1701.92 1527.95 1141.30 978.71 965.94 644.43 559.88 488.11 428.25 364.96 336.29 295.11 263.24 223.63 239.69 232.22

A 2123.63 2063.73 1693.66 1409.50 1189.62 1058.48 961.05 761.57 704.84 565.78 477.43 428.16 710.39 375.09 305.93 270.51 228.71 255.79 273.62

B 2981.50 2366.64 1929.97 1604.08 1339.58 1150.46 992.69 839.88 743.43 636.20 557.60 481.20 458.35 391.39 358.36 308.10 262.15 242.03 219.49

C 2966.94 2534.30 2054.67 1699.02 1413.18 1184.25 1020.56 864.51 749.59 656.49 561.57 489.49 416.96 367.26 333.91 291.60 279.09 250.26 214.66

D 2984.41 2609.66 2162.42 1765.43 1474.73 1217.22 1049.56 912.96 782.22 659.02 559.11 477.53 422.95 368.43 334.34 286.13 268.68 254.38 215.56

E 2977.18 2611.44 2174.03 1812.00 1486.31 1259.10 1060.30 912.35 786.99 691.23 578.09 495.23 416.58 356.81 310.73 290.62 263.67 264.55 237.74

F 2976.99 2591.16 2168.80 1793.76 1498.14 1245.09 1045.03 901.71 780.26 665.35 568.74 489.66 403.15 356.68 306.28 263.33 241.56 234.19 203.49

G 2946.83 2560.43 2096.14 1761.23 1466.11 1228.07 1050.73 878.50 765.88 665.10 546.74 476.25 395.01 341.48 290.10 265.39 234.04 224.97 195.84

H 2899.15 2420.98 1989.06 1646.51 1395.09 1192.77 1015.82 850.35 720.56 623.50 529.20 438.68 363.28 298.42 269.23 239.63 222.62 209.47 191.92

I 2286.42 2171.74 1732.46 1579.82 1338.06 1044.53 888.53 722.19 629.79 553.21 436.03 384.80 305.89 272.04 230.55 204.66 186.97 181.66 187.24

A 1934.29 1889.41 1507.76 1294.41 1101.09 971.78 893.68 686.67 765.28 584.29 441.57 629.07 439.58 438.85 298.15 277.18 225.78 269.38 268.67

B 2503.56 2067.12 1733.50 1446.57 1228.43 1027.29 859.70 732.04 670.42 571.20 514.63 480.03 429.11 352.15 361.92 309.16 293.53 279.87 235.90

C 2539.12 2228.75 1847.67 1527.81 1267.52 1063.63 876.77 767.08 656.82 570.26 521.49 468.90 408.73 363.39 325.22 326.28 284.43 275.81 243.42

D 2561.62 2285.66 1929.66 1581.86 1313.86 1074.79 922.73 776.97 665.78 585.57 522.48 477.41 418.40 381.34 329.79 306.61 286.43 265.34 244.19

E 2567.63 2321.60 1943.07 1622.02 1330.34 1104.70 929.01 794.24 667.99 580.02 523.56 466.82 420.54 372.84 340.90 291.51 271.87 272.44 575.17

F 2548.58 2277.64 1930.28 1592.19 1331.14 1107.69 923.90 771.66 664.04 576.99 519.88 478.35 414.93 348.43 324.89 291.61 265.88 250.13 221.11

G 2520.30 2240.23 1857.52 1546.70 1266.65 1068.24 893.28 762.05 657.20 570.23 503.52 457.84 406.04 352.44 307.53 275.99 237.31 225.34 180.51

H 2473.61 2096.08 1738.43 1439.81 1222.39 1004.45 846.71 711.21 629.21 555.14 495.92 425.16 366.77 314.54 278.00 247.80 216.69 208.01 184.61

I 1904.41 1878.19 1517.02 1349.62 1199.93 898.54 741.00 624.69 535.55 479.65 418.58 387.22 315.84 283.25 235.58 219.31 197.72 181.43 196.92

A 1721.81 1707.20 1439.12 1194.32 986.85 908.61 741.63 868.30 572.11 733.55 447.20 517.22 601.95 372.23 331.05 292.00 220.04 235.11 274.97

B 2213.20 1864.51 1574.05 1328.43 1145.14 979.80 844.84 739.25 676.20 610.60 531.17 477.07 439.99 395.93 359.59 342.34 289.33 241.84 225.47

C 2213.22 1991.28 1647.81 1400.75 1188.29 1003.07 863.08 768.56 672.91 603.38 543.58 486.51 427.16 389.14 366.50 340.08 303.09 271.06 215.12

D 2242.90 2010.37 1732.01 1442.83 1217.85 1019.05 886.95 757.60 677.02 592.64 544.79 474.57 433.23 393.02 369.64 343.11 308.80 309.13 407.78

E 2234.93 2043.38 1736.36 1446.29 1214.21 1045.80 889.19 772.55 671.05 603.19 525.27 473.09 435.99 397.27 356.68 339.11 303.18 307.57 308.59

F 2239.66 2037.63 1717.44 1448.97 1198.06 997.81 869.52 746.39 677.15 582.76 521.09 472.38 438.00 398.89 352.23 302.57 285.06 280.30 367.89

G 2229.89 1993.36 1680.90 1408.01 1165.16 991.33 843.88 740.61 647.94 589.98 515.15 459.51 384.50 357.66 310.42 297.04 249.83 230.37 421.28

H 2200.70 1891.04 1572.31 1315.65 1140.89 961.86 817.94 683.03 610.21 555.80 526.67 444.83 365.92 322.08 296.21 251.97 233.22 220.17 195.00

I 1803.15 1774.91 1399.92 1246.75 1208.10 860.94 721.63 594.84 521.02 477.95 445.54 604.43 313.34 461.17 334.73 224.32 191.67 179.46 177.39

A 1478.90 1435.89 1165.26 1055.25 914.02 789.66 912.11 566.55 683.25 466.23 374.87 337.45 339.21 490.63 297.31 251.85 224.49 237.95 264.81

B 1875.25 1592.99 1341.48 1150.64 1018.06 868.32 760.29 654.14 588.47 501.96 435.00 419.24 385.68 342.40 334.10 285.05 258.13 248.72 228.77

C 1889.48 1689.62 1416.18 1207.10 1035.48 882.10 750.44 676.20 571.96 515.15 474.86 417.33 395.79 363.71 290.63 288.10 256.31 237.69 200.55

D 1897.88 1709.07 1473.37 1244.29 1058.91 907.45 783.09 670.08 606.37 540.27 487.98 440.83 384.39 351.95 311.68 280.25 268.62 231.86 199.56

E 1896.65 1745.23 1479.35 1241.43 1046.25 894.63 779.56 685.06 586.88 531.37 487.66 428.65 386.21 357.03 305.06 259.04 249.17 232.95 185.69

F 1913.32 1741.71 1479.66 1225.53 1050.11 888.07 770.74 676.02 587.66 535.09 476.07 409.72 376.32 340.98 290.82 270.82 221.70 221.65 309.16

G 1902.33 1704.29 1443.17 1226.27 1025.20 873.27 744.93 651.84 575.22 506.86 461.73 395.04 360.46 311.60 271.07 244.14 213.36 200.96 231.34

H 1888.83 1612.52 1350.58 1154.05 992.09 827.49 716.30 604.41 539.79 489.96 451.36 368.94 324.53 281.86 267.45 203.03 193.12 196.16 243.28

I 1442.04 1508.01 1193.48 1102.30 1080.72 748.42 606.08 532.22 457.16 447.64 460.44 321.00 266.47 240.44 228.23 190.86 165.28 157.83 151.44

A 1055.42 1147.42 886.88 945.29 663.41 559.79 631.83 525.84 386.29 560.51 337.59 365.37 358.27 464.49 225.40 176.45 137.74 144.35 244.77

B 1444.35 1197.07 1015.28 871.50 752.46 647.51 578.62 501.40 447.18 406.23 363.67 324.67 294.07 272.99 240.58 196.34 167.59 158.18 159.01

C 1438.92 1258.41 1059.72 893.91 790.38 672.90 588.01 533.28 463.26 412.51 373.44 327.44 282.96 248.18 214.47 214.66 193.46 210.62 358.59

D 1436.59 1282.40 1097.97 925.60 803.15 668.68 596.27 515.12 465.10 399.53 358.74 317.54 286.63 242.53 235.71 212.70 202.76 205.69 211.11

E 1440.79 1306.57 1119.97 950.47 815.18 693.79 622.76 531.46 460.82 419.03 363.85 322.99 273.75 249.12 229.93 222.56 190.02 213.92 445.19

F 1444.86 1311.65 1115.37 932.83 805.17 685.68 603.87 539.62 463.90 406.63 351.70 291.67 268.34 236.92 225.10 195.68 179.85 184.94 150.90

G 1448.64 1287.33 1096.68 941.25 803.55 699.59 596.78 526.45 450.41 385.10 336.23 275.39 245.20 221.48 205.23 184.71 174.30 148.35 131.25

H 1457.13 1215.35 1031.85 914.20 786.50 664.68 570.88 490.10 420.63 339.60 313.59 259.70 240.35 209.72 194.94 179.56 166.14 144.28 136.34

I 1165.61 1146.05 882.57 967.21 665.77 672.18 493.12 546.77 460.66 311.37 272.51 237.13 211.38 171.59 168.20 164.84 137.19 128.62 120.19
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H02 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 6438.71 6745.83 5794.02 4649.13 3646.52 2789.18 2184.21 1773.14 1363.04 1160.50 926.54 744.53 602.53 506.65 457.08 376.61 358.70 340.88 500.40

B 43732.90 43062.50 5950.09 4924.18 3928.01 3106.80 2435.16 1911.21 1518.50 1222.06 980.01 812.56 644.01 557.88 473.33 417.26 390.11 375.30 400.16

C 43797.10 43279.90 6247.59 5079.90 4137.97 3303.63 2595.69 2038.99 1618.80 1270.24 1021.05 823.45 675.93 573.86 479.66 432.26 395.93 379.47 347.36

D 43832.80 43401.10 6354.42 5215.24 4267.96 3415.00 2702.19 2088.81 1690.44 1316.43 1041.84 860.18 691.79 583.28 500.65 443.14 398.55 391.76 412.75

E 43926.30 43355.50 6465.00 5276.28 4327.80 3501.79 2751.64 2167.82 1688.96 1333.86 1075.54 851.37 715.61 586.92 498.70 445.87 409.54 403.64 413.83

F 43896.20 43449.70 6434.81 5358.43 4328.56 3467.91 2716.33 2156.31 1696.78 1337.69 1065.26 880.30 702.26 593.53 506.72 450.77 408.88 403.85 421.56

G 43903.20 43434.60 6348.53 5257.72 4247.16 3423.00 2678.83 2120.73 1661.56 1316.48 1069.78 856.55 708.20 581.42 496.84 446.52 406.32 393.75 442.13

H 43890.50 43443.90 6315.80 5121.92 4141.68 3312.03 2604.81 2000.23 1616.37 1279.41 1026.44 826.84 698.11 572.05 486.05 432.02 401.79 408.06 430.45

I 43736.80 44658.20 6498.69 5021.51 4002.79 3116.61 2410.18 1909.43 1567.33 1225.32 976.71 811.61 654.72 575.73 493.09 416.10 427.12 404.58 428.98

A 5700.18 5028.85 4122.51 3130.35 2221.66 1854.02 1546.48 1255.42 985.20 753.70 644.19 552.82 455.84 356.52 335.03 302.74 294.58 284.74 394.88

B 47342.90 5498.35 4316.89 3408.35 2697.92 2142.98 1674.91 1294.19 1044.14 851.44 691.87 574.24 468.41 394.97 356.68 309.37 292.89 300.72 317.19

C 47380.90 5720.57 4532.80 3632.45 2873.43 2269.52 1768.57 1367.94 1098.78 882.85 721.67 580.25 489.31 417.04 356.70 315.24 303.62 297.14 293.48

D 47394.60 5801.27 4700.74 3785.64 2999.09 2362.40 1819.53 1429.79 1137.76 914.05 742.93 603.31 495.69 422.53 366.84 330.32 307.19 300.77 325.68

E 47388.80 5936.26 4776.29 3819.22 3045.26 2388.05 1873.62 1454.31 1162.63 904.58 739.34 594.79 506.42 420.80 365.43 331.44 302.55 297.65 332.34

F 47418.90 5920.64 4789.46 3819.95 3048.25 2394.68 1858.38 1472.63 1155.22 934.54 751.08 594.69 502.79 427.22 368.97 331.03 307.84 297.18 256.81

G 47375.20 5837.72 4707.91 3779.64 2994.36 2340.00 1831.08 1428.65 1139.17 918.17 728.66 602.73 491.69 421.70 361.65 328.90 309.12 293.62 305.02

H 47433.60 5974.48 4608.28 3662.74 2916.26 2265.40 1768.93 1405.93 1100.95 896.70 715.77 592.10 485.62 421.61 370.48 330.24 305.33 307.55 312.66

I 46904.40 6423.03 4454.47 3455.22 2724.54 2158.44 1694.55 1308.65 1099.00 863.51 705.36 582.84 430.63 416.69 358.80 339.02 317.48 306.08 321.38

A 3834.48 3203.25 2656.15 2140.74 1670.88 1338.28 1073.15 872.89 706.99 548.42 490.00 398.12 318.79 299.12 253.37 221.21 220.78 177.46 241.48

B 36285.60 3827.69 2911.72 2281.73 1810.88 1445.54 1149.44 925.10 739.77 610.37 500.94 418.05 352.32 300.30 267.54 238.31 213.99 214.46 215.87

C 36326.90 4051.29 3092.75 2411.16 1916.56 1521.81 1198.54 959.80 775.45 624.34 518.98 433.46 361.10 308.27 275.79 244.59 227.95 222.62 246.53

D 36320.10 4156.02 3223.22 2524.53 1987.30 1565.59 1222.62 982.03 787.67 646.90 525.95 446.30 366.35 318.28 272.40 246.87 227.07 229.41 241.81

E 36278.20 4136.12 3245.36 2553.19 2005.28 1579.96 1246.36 994.04 796.21 643.95 523.64 439.82 377.79 314.81 282.00 250.25 238.96 236.92 253.54

F 36306.50 4149.17 3221.36 2565.50 2005.36 1572.01 1239.93 982.87 788.56 636.94 534.02 444.04 376.52 320.73 282.01 255.53 239.27 235.15 220.57

G 36357.80 4143.68 3198.13 2510.58 1977.89 1556.78 1214.69 962.75 786.43 635.52 534.92 436.81 374.36 321.34 283.24 248.71 242.94 244.43 240.13

H 36478.70 4063.23 3104.37 2413.93 1915.25 1523.42 1177.70 940.58 755.03 627.82 514.88 434.94 367.36 318.41 281.49 252.79 237.84 242.27 258.54

I 36413.50 3843.33 2888.28 2310.14 1862.98 1438.47 1142.89 911.66 754.16 610.11 501.63 451.97 379.28 305.25 289.46 247.23 247.67 237.61 269.70

A 2876.40 2546.54 2002.27 1584.21 1176.78 1071.98 865.80 724.30 607.99 501.18 406.59 330.98 276.91 260.60 221.96 193.48 172.94 176.10 206.62

B 4045.44 2897.09 2248.61 1772.81 1425.23 1150.87 936.86 769.21 619.47 517.40 423.14 358.01 301.48 258.47 219.09 196.63 191.10 189.14 207.16

C 4038.34 3100.12 2376.96 1884.72 1504.38 1183.87 977.15 777.52 640.85 525.77 431.79 362.36 306.01 266.56 230.72 209.44 196.87 196.68 204.87

D 4049.30 3174.91 2473.50 1939.70 1556.99 1239.46 973.22 798.49 647.00 532.74 441.39 365.79 311.54 267.24 230.44 210.93 188.22 200.07 168.33

E 4027.19 3149.04 2479.19 1966.40 1570.12 1235.40 995.36 805.59 654.38 534.05 434.54 372.46 311.04 263.31 238.46 210.86 200.93 201.74 187.02

F 4052.89 3215.17 2454.79 1962.92 1532.83 1224.75 985.99 792.83 649.81 532.71 434.49 364.39 308.10 272.22 234.49 207.75 206.53 207.39 199.75

G 4017.86 3138.41 2461.22 1949.72 1557.43 1222.67 971.21 773.87 637.96 522.49 438.19 363.28 304.46 265.02 233.01 219.17 208.77 202.73 221.73

H 4037.73 3088.66 2371.90 1866.86 1503.67 1191.51 954.74 770.57 628.25 518.84 439.56 363.06 312.50 273.38 236.34 209.78 206.40 209.30 221.39

I 3215.35 2796.32 2231.69 1778.96 1435.71 1146.35 971.50 764.38 617.80 504.83 442.98 345.89 294.54 259.21 236.07 219.22 182.91 204.25 238.12

A 2312.45 2374.80 2134.57 1723.07 1361.79 1107.35 851.11 691.28 582.82 474.25 396.66 334.43 255.71 234.19 209.84 183.24 180.28 223.59 259.54

B 3246.12 2760.73 2323.58 1853.63 1474.46 1165.54 931.55 744.35 596.23 500.48 409.26 354.26 294.96 257.03 226.56 201.53 195.54 212.40 209.00

C 3301.53 2868.52 2513.87 1936.30 1508.07 1182.91 940.00 765.52 606.55 510.52 421.82 351.81 305.57 255.76 231.88 203.94 194.88 193.06 218.66

D 3263.47 3052.46 2576.78 1962.69 1604.70 1240.55 967.96 776.89 628.87 515.15 425.54 366.49 305.26 258.83 233.43 207.18 189.73 199.70 202.52

E 3256.61 2989.34 2566.78 2060.21 1569.58 1252.17 954.58 787.59 639.04 508.83 436.38 358.87 304.00 265.23 236.89 213.78 204.36 191.25 198.12

F 3290.35 3075.71 2555.58 2017.78 1583.84 1246.08 965.33 793.09 629.36 504.97 432.44 351.23 302.52 252.77 225.53 214.90 192.25 195.73 201.47

G 3271.33 2934.78 2510.12 1899.62 1540.78 1204.60 947.39 774.77 634.74 505.91 428.19 360.69 304.73 263.65 234.13 205.53 206.78 199.82 202.21

H 3259.65 2815.40 2431.08 1876.56 1487.56 1186.47 922.57 750.93 608.91 508.24 423.60 355.85 309.18 260.73 218.93 217.17 189.83 201.56 218.01

I 2640.44 2553.04 2131.60 1781.51 1461.60 1150.97 895.55 745.59 621.69 478.47 423.75 363.27 308.85 268.97 239.39 205.98 196.42 185.02 217.04

A 2067.97 2416.12 1953.08 1805.00 1387.11 1028.68 866.04 648.91 561.51 457.21 383.01 329.04 262.83 228.49 203.82 178.05 173.07 163.32 188.78

B 2810.66 2688.50 2384.19 1900.60 1443.28 1133.32 890.34 719.54 570.25 456.37 400.69 337.13 277.97 245.57 207.54 191.73 181.12 172.95 194.50

C 2807.70 2731.63 2740.35 1986.36 1497.32 1191.72 914.01 726.32 592.30 492.03 408.76 338.15 288.45 244.62 220.37 176.34 182.98 171.67 192.40

D 2848.46 2826.20 2700.83 2047.10 1586.09 1219.11 918.52 762.89 604.19 489.55 414.86 343.83 295.40 252.41 207.27 194.04 189.64 183.43 185.83

E 2820.05 2928.67 2656.29 2111.89 1644.94 1267.81 909.44 755.11 604.54 499.91 412.66 351.19 287.60 245.37 220.15 198.09 184.23 179.01 191.13

F 2793.19 2841.29 2760.05 2149.09 1584.96 1245.04 906.47 776.02 596.59 492.49 416.09 338.16 277.92 238.61 208.54 189.81 177.79 183.32 198.20

G 2818.52 2820.04 2659.06 2068.76 1535.73 1187.55 924.73 758.31 594.00 497.53 407.84 341.26 284.58 237.48 215.00 193.02 186.86 188.20 195.86

H 2788.04 2665.90 2397.92 1899.07 1483.20 1146.11 916.79 731.33 581.87 487.80 407.60 343.60 287.56 250.73 213.20 193.01 186.59 179.57 197.82

I 2347.05 2364.92 2261.02 1820.65 1435.48 1081.02 868.13 675.47 557.74 455.93 403.66 295.93 280.18 235.23 219.08 174.98 165.54 181.17 199.28

A 1919.68 2092.50 2140.72 1675.75 1265.54 928.86 705.62 587.69 496.19 404.82 346.95 290.75 234.40 215.33 176.72 155.09 158.43 137.70 183.94

B 2416.62 2403.23 2575.91 1920.71 1337.04 1054.83 771.53 612.34 506.95 408.43 342.72 297.84 240.40 204.89 192.02 167.14 159.37 158.58 173.99

C 2411.61 2474.30 2536.10 2006.65 1355.23 1095.75 799.06 650.49 507.25 427.93 366.68 297.26 257.56 220.75 195.94 159.86 166.79 166.13 192.65

D 2415.37 2732.31 2586.04 2005.19 1396.71 1118.36 867.83 649.56 524.28 411.76 367.14 301.51 249.69 220.43 194.38 172.47 165.56 165.38 168.21

E 2370.78 2518.61 2575.86 2071.94 1492.14 1060.34 770.03 662.77 560.63 436.59 352.72 296.15 265.36 224.63 196.38 176.86 165.51 164.77 162.39

F 2381.90 2672.91 2493.01 2032.09 1457.87 1005.69 827.14 666.31 531.55 436.33 358.45 288.68 265.38 217.97 192.42 180.48 168.17 172.51 184.09

G 2362.11 2754.07 2564.13 1940.78 1447.27 1036.67 796.82 663.91 525.19 434.51 364.91 301.70 257.60 221.97 193.39 171.39 162.59 169.67 186.30

H 2393.73 2361.49 2341.62 1759.49 1442.48 1055.69 775.25 640.81 523.39 430.15 363.23 308.56 256.83 224.12 190.94 176.92 167.66 166.01 168.29

I 1904.70 2113.74 1990.94 1718.36 1277.41 999.20 754.53 619.93 503.54 425.44 356.75 312.17 244.38 214.69 201.99 172.82 174.37 159.77 205.76

A 1562.45 1599.54 1546.89 1095.50 920.36 698.78 563.07 444.31 363.12 315.46 263.33 225.52 181.60 146.17 137.47 106.63 98.28 111.26 148.34

B 1965.49 1910.05 1941.28 1245.76 919.66 707.58 574.30 471.30 389.57 323.07 265.94 217.46 182.34 149.73 142.66 129.92 120.12 117.12 134.27

C 1949.70 1845.62 1956.89 1293.99 974.31 778.18 618.34 485.04 394.46 315.66 262.56 222.82 190.31 154.88 148.97 132.70 126.05 122.16 128.98

D 1962.96 1988.62 1863.50 1441.83 1031.02 793.79 608.81 489.51 404.02 331.87 271.28 221.67 187.26 160.36 141.12 138.01 125.98 128.99 120.84

E 1954.85 1876.34 1900.16 1411.71 1030.37 766.72 622.55 495.50 404.67 327.71 274.03 227.01 196.56 164.11 147.77 127.90 124.96 131.60 127.40

F 2003.56 2000.89 1863.85 1505.36 1031.71 783.94 598.00 483.32 401.09 330.28 273.67 226.76 186.70 166.55 147.72 135.16 125.52 122.98 128.67

G 1963.94 1842.89 1796.84 1327.14 1017.33 765.66 609.61 486.80 399.07 323.80 269.78 221.41 187.64 161.03 147.70 132.48 129.06 130.95 127.70

H 1938.73 1984.35 1677.92 1236.68 963.66 724.47 588.08 486.19 387.58 325.50 271.57 228.81 195.62 174.63 149.48 138.11 133.33 133.58 156.58

I 1620.66 1690.04 1459.46 1101.29 896.78 719.89 587.89 473.09 394.79 315.28 272.77 214.76 200.44 175.64 140.79 132.73 130.72 134.67 159.69

A 1080.70 1030.41 876.07 693.42 571.31 440.45 362.99 288.37 245.92 192.04 166.83 137.61 128.93 99.78 76.51 78.46 72.92 60.27 104.77

B 1375.78 1185.69 938.70 743.84 569.37 452.99 362.92 299.22 250.36 207.26 172.68 149.07 117.37 103.07 89.55 86.98 74.40 78.76 95.33

C 1356.01 1231.44 1096.73 793.16 583.85 463.33 370.10 301.57 252.08 206.83 172.49 141.00 120.49 110.98 93.55 87.05 79.35 82.44 95.25

D 1354.73 1241.19 1023.33 780.10 592.85 473.69 379.74 310.47 252.72 210.30 176.48 148.92 123.12 110.36 86.04 89.45 77.18 86.23 92.12

E 1356.12 1279.14 1068.92 789.38 623.51 487.06 385.49 311.26 254.35 217.39 169.91 147.00 127.39 109.92 98.37 86.04 76.59 83.93 97.06

F 1350.93 1236.19 1105.32 794.11 602.51 477.05 376.23 306.92 249.51 212.17 179.45 150.20 121.42 113.18 95.83 89.08 82.90 82.52 89.13

G 1375.46 1278.32 1016.97 749.43 586.48 468.36 373.68 303.42 250.54 203.61 177.54 139.95 118.54 111.36 96.74 86.31 84.12 85.84 101.20

H 1391.28 1183.61 1020.24 752.61 572.48 467.22 369.61 301.99 253.61 210.71 174.14 150.68 129.81 108.45 91.46 86.14 84.10 84.83 95.72

I 1127.93 1083.12 953.74 718.05 554.63 462.71 378.99 298.83 265.30 213.12 184.52 144.00 133.79 109.49 96.56 85.19 88.51 85.77 119.15
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka               Appendix 
 
 

182 
 

 
 

Daylight simulation results of H03 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 4476.22 3678.31 2876.86 2122.94 1634.65 1233.28 917.83 776.92 574.49 466.77 375.29 288.05 233.08 185.47 162.70 123.39 121.81 103.52 151.50

B 42053.50 4758.41 3431.72 2532.17 1929.58 1468.24 1095.80 838.45 645.44 503.63 393.73 327.10 249.54 205.09 175.99 142.17 138.37 129.29 137.50

C 42124.00 4990.77 3829.84 2822.13 2138.29 1581.63 1205.28 931.46 705.57 540.69 431.11 338.02 261.44 225.36 188.74 163.46 143.87 123.34 123.75

D 42216.50 5167.01 3959.00 2977.32 2272.50 1701.18 1281.78 971.34 740.58 581.87 439.74 338.57 278.47 227.53 193.95 156.37 137.06 144.45 120.62

E 42291.90 5224.95 4003.11 3083.20 2339.57 1751.26 1318.03 990.77 750.24 581.76 454.16 350.88 283.54 231.73 188.88 170.89 151.57 131.78 158.86

F 42275.80 5290.48 3998.42 3054.25 2281.49 1750.57 1283.44 978.31 757.65 576.55 428.12 356.11 278.14 235.40 189.88 145.69 137.25 148.80 143.31

G 42124.40 5079.59 3886.32 2928.21 2231.87 1651.61 1267.93 953.27 717.26 564.76 433.81 344.71 279.65 225.86 179.98 168.33 139.81 147.01 151.93

H 42032.70 4846.82 3662.27 2722.36 2037.79 1559.89 1181.10 889.64 698.08 543.00 426.67 331.81 257.03 212.16 174.13 143.43 136.53 138.39 158.52

I 41038.30 4173.78 3158.33 2412.27 1862.54 1404.03 1084.98 837.99 653.42 514.41 406.46 313.49 266.20 218.67 189.93 146.86 143.96 135.98 137.34

A 3594.84 2994.79 2251.22 1740.09 1314.04 1001.57 772.78 623.72 475.51 380.29 301.60 235.19 173.60 155.61 139.36 105.85 108.96 91.59 114.20

B 5170.33 3844.97 2800.16 2075.75 1531.67 1162.43 888.80 677.82 527.54 410.82 328.33 254.72 202.00 172.98 143.86 121.64 109.80 103.98 118.94

C 5135.98 4144.80 3078.69 2255.71 1699.37 1280.91 959.83 728.65 568.82 434.93 325.30 269.71 219.33 185.10 152.37 131.90 118.00 118.67 129.09

D 5199.25 4238.71 3238.59 2415.70 1816.20 1352.56 1005.10 767.98 587.71 450.43 355.95 280.91 221.72 190.52 158.02 143.69 127.39 119.69 113.63

E 5252.49 4230.03 3244.07 2457.21 1841.04 1379.54 1021.48 789.51 597.31 461.91 353.31 287.85 237.40 189.89 164.38 138.98 122.52 123.56 128.83

F 5207.41 4251.14 3209.48 2466.67 1832.82 1359.03 1022.29 776.46 585.23 459.95 371.52 275.85 228.40 189.48 152.78 142.52 122.02 125.09 116.55

G 5148.69 4143.89 3132.01 2368.16 1764.65 1332.68 985.82 753.95 574.94 447.02 357.02 274.56 231.26 179.44 159.31 138.69 120.14 119.78 129.35

H 4993.66 3839.42 2894.97 2180.59 1631.13 1245.79 943.96 717.89 547.16 436.00 336.29 269.38 223.29 174.86 155.41 133.88 110.64 113.46 125.54

I 4080.01 3328.43 2490.00 1883.85 1460.66 1105.93 853.09 668.44 526.27 411.06 324.99 244.70 194.79 170.25 151.27 137.44 124.22 117.78 117.65

A 2795.62 2373.48 1830.47 1371.32 1093.39 811.77 625.86 514.59 418.85 318.85 264.47 208.31 173.50 139.34 117.33 97.29 90.14 80.37 100.19

B 4118.37 2889.40 2191.23 1661.67 1255.71 957.47 738.83 576.64 445.08 357.53 282.91 225.50 185.47 153.11 126.65 106.03 96.49 101.48 102.98

C 3975.04 3165.71 2375.03 1811.49 1362.50 1033.49 794.59 606.34 476.92 375.45 297.35 234.36 194.29 157.22 136.12 114.99 104.03 99.94 104.24

D 3970.17 3239.95 2512.33 1907.15 1447.86 1084.28 831.07 642.00 496.91 391.46 308.28 239.12 190.58 164.99 137.14 114.57 103.32 96.21 103.40

E 3942.08 3259.02 2532.43 1933.74 1478.35 1111.81 840.62 655.34 501.63 392.35 310.00 248.01 203.44 167.31 137.82 118.96 107.30 96.86 102.54

F 3953.99 3215.75 2504.58 1916.99 1458.16 1103.89 834.01 642.29 495.41 385.00 310.83 250.32 196.88 170.66 134.85 118.93 112.50 106.43 112.55

G 3947.01 3167.12 2407.98 1856.37 1404.04 1079.10 816.36 630.64 496.57 380.16 302.45 245.88 199.65 158.73 124.46 113.92 114.05 104.54 109.49

H 3881.72 2975.75 2254.33 1724.91 1323.46 1008.45 771.58 594.53 471.33 370.89 291.71 233.92 197.50 163.08 123.67 118.44 110.72 98.73 116.49

I 3045.12 2498.58 1903.37 1531.07 1181.86 911.63 719.65 552.52 439.60 350.90 284.26 218.40 183.88 149.09 134.83 111.98 104.22 97.39 100.41

A 2057.94 1787.43 1398.12 1121.31 888.68 718.42 564.92 421.55 352.75 268.28 226.45 181.99 155.31 130.46 108.24 101.63 87.56 84.35 103.12

B 3218.13 2225.31 1674.66 1313.10 1009.47 784.11 611.13 478.37 378.81 298.16 242.94 199.81 161.77 138.87 113.43 106.59 96.87 93.05 100.83

C 3084.39 2377.56 1852.85 1400.93 1092.01 836.82 656.84 495.14 397.21 321.52 253.44 207.99 172.44 140.03 125.20 105.32 94.67 96.34 103.29

D 3028.18 2439.92 1911.46 1481.04 1133.53 876.68 681.79 532.85 414.00 329.21 253.93 208.02 172.47 143.89 120.60 111.70 93.33 95.46 100.50

E 2994.85 2430.33 1921.85 1498.14 1139.56 902.04 686.56 535.00 415.48 333.99 264.16 205.33 178.76 144.23 122.93 107.25 98.08 91.09 103.68

F 2959.94 2395.11 1896.54 1468.44 1141.90 877.59 679.06 526.10 415.81 326.61 272.37 218.28 177.45 149.75 120.70 103.81 102.17 102.56 104.07

G 2943.03 2339.93 1821.13 1413.06 1108.62 848.89 651.54 519.43 406.81 329.65 259.35 208.24 167.25 145.05 126.91 112.79 101.13 103.52 105.42

H 2955.44 2204.48 1680.75 1317.50 1040.56 806.28 630.82 493.73 398.67 317.64 251.44 199.89 169.50 144.79 113.82 108.60 104.13 91.22 97.41

I 2155.79 1779.43 1473.23 1176.38 927.97 736.34 589.30 458.60 372.76 307.58 248.58 188.67 143.08 139.43 114.40 105.49 87.20 97.33 115.44

A 1715.65 1492.58 1265.59 988.64 798.83 619.34 499.53 402.48 311.85 262.60 217.01 170.08 142.42 118.56 102.72 90.02 82.87 69.22 90.83

B 2515.81 1881.62 1462.64 1144.81 904.22 702.92 543.69 435.14 343.15 279.79 211.66 182.58 150.94 126.89 107.42 94.65 87.55 80.31 88.61

C 2480.73 2001.77 1578.39 1229.74 967.99 746.15 584.52 452.77 363.87 287.05 238.24 188.37 157.54 124.35 106.85 96.59 89.07 88.03 87.22

D 2448.40 2096.67 1648.48 1291.51 1002.59 780.05 603.63 471.05 378.32 297.96 233.89 195.11 158.03 121.90 113.13 99.59 89.33 89.19 87.71

E 2436.56 2059.76 1690.00 1294.41 1014.77 781.21 615.43 476.69 374.28 297.01 241.90 196.33 160.97 134.14 115.03 98.38 89.83 91.44 95.53

F 2448.22 2063.49 1625.02 1286.97 1000.44 775.10 602.71 467.16 370.88 298.13 241.36 191.65 161.52 135.90 105.98 93.84 92.62 90.85 89.27

G 2416.92 1988.61 1575.13 1249.71 966.33 757.80 586.90 465.57 364.53 294.45 234.42 187.72 151.61 128.04 111.89 96.06 88.30 88.08 80.74

H 2400.40 1876.25 1473.99 1149.61 906.09 716.24 567.53 445.30 350.67 285.36 229.30 184.83 154.13 130.23 111.07 96.60 85.92 87.39 91.63

I 1696.17 1557.06 1292.22 1036.91 827.16 652.76 521.21 419.05 330.63 267.45 217.69 176.72 138.38 121.02 99.60 87.36 73.39 73.35 82.45

A 1507.66 1346.05 1057.12 887.55 699.89 565.24 434.92 356.95 292.86 233.39 188.97 154.98 123.89 106.85 85.19 79.19 74.83 64.12 87.99

B 2108.12 1605.26 1271.93 1009.10 800.08 624.15 490.39 386.73 305.10 252.95 199.17 165.52 136.06 109.82 89.00 87.08 80.32 76.41 80.19

C 2087.97 1743.64 1366.46 1087.88 858.17 659.38 520.96 411.45 320.65 260.26 209.51 167.75 140.26 114.66 93.87 88.34 84.21 76.47 84.54

D 2058.74 1775.91 1447.14 1142.61 894.25 689.30 533.53 420.74 333.71 267.20 215.03 172.09 138.74 118.77 101.07 93.52 81.02 84.48 73.02

E 2075.96 1787.19 1478.31 1146.75 893.34 701.15 541.63 427.87 341.26 270.94 214.29 172.89 142.46 120.26 96.08 85.37 80.93 83.08 79.12

F 2080.53 1782.28 1445.22 1148.24 883.47 692.27 542.04 423.89 336.31 265.93 215.94 172.81 143.01 118.67 94.42 85.95 81.56 82.49 73.99

G 2062.49 1744.56 1406.24 1096.63 851.36 670.78 520.59 414.37 327.66 263.25 211.39 171.62 141.13 118.09 94.44 90.49 76.90 80.99 83.89

H 2066.52 1657.23 1286.45 1014.79 805.03 639.12 497.93 400.04 316.48 257.62 208.14 170.10 138.90 116.49 95.79 88.06 81.12 77.98 84.23

I 1495.55 1377.85 1111.74 898.00 718.21 579.82 459.26 372.99 298.78 242.91 195.80 157.16 120.40 99.29 89.05 85.12 74.03 68.88 92.16

A 1302.55 1179.25 958.80 785.46 638.90 496.48 401.42 319.55 259.16 206.70 166.45 134.75 107.15 97.14 90.70 70.47 73.61 89.87 111.13

B 1843.25 1421.63 1135.55 884.77 692.73 550.04 434.72 337.45 276.40 221.10 178.95 148.02 113.68 102.28 85.31 75.85 79.00 89.58 75.98

C 1849.38 1532.93 1213.33 954.61 750.55 586.40 466.80 357.33 282.56 231.84 191.35 152.31 120.60 104.59 89.29 74.81 77.02 77.74 74.05

D 1832.51 1570.34 1277.22 1001.35 766.90 602.93 475.48 368.97 300.66 236.48 190.15 154.90 121.82 102.37 86.58 82.61 69.03 73.51 76.94

E 1830.69 1579.31 1282.77 1010.85 788.18 616.90 487.67 377.82 302.26 237.69 189.57 157.39 123.03 89.91 85.04 79.92 76.29 76.45 77.81

F 1830.81 1580.46 1269.25 1005.53 774.55 614.27 475.77 377.35 291.25 235.49 194.79 155.68 127.35 98.20 89.68 79.68 74.73 74.20 71.61

G 1835.07 1538.83 1234.20 951.30 751.94 576.37 463.76 364.28 288.83 234.75 180.67 143.87 121.29 107.00 83.88 80.35 72.15 67.73 80.48

H 1822.25 1438.13 1129.23 887.24 711.72 557.61 440.34 353.88 279.88 226.34 175.10 152.68 119.62 104.56 86.66 68.60 71.46 70.91 76.58

I 1265.88 1164.62 982.04 791.88 641.75 520.52 411.49 334.04 269.62 215.66 178.73 141.38 122.05 96.05 79.03 75.89 71.53 62.28 85.93

A 1064.09 950.89 789.87 612.20 496.46 411.72 319.11 260.39 218.17 159.73 139.82 119.12 85.23 79.98 64.46 57.61 54.60 47.62 70.32

B 1545.54 1183.92 901.84 709.11 565.13 442.78 351.11 285.17 224.99 181.90 146.33 121.31 93.15 78.77 73.38 60.51 58.85 58.44 70.22

C 1541.54 1270.91 988.61 775.67 618.36 478.03 375.22 296.47 225.31 185.53 155.16 115.97 96.97 83.55 60.39 59.35 53.77 59.81 67.88

D 1531.17 1297.35 1037.86 794.11 636.09 486.17 385.14 303.50 242.99 196.49 153.02 118.78 104.44 89.84 77.36 56.09 64.41 55.99 54.47

E 1535.45 1300.37 1030.58 814.78 631.43 493.64 388.95 303.18 246.31 196.89 158.89 119.62 105.50 82.03 70.63 64.44 64.93 56.73 64.12

F 1527.51 1299.22 1026.29 805.65 625.16 496.54 386.92 304.19 242.89 194.01 156.54 130.84 106.49 83.96 71.52 65.09 61.72 67.32 64.84

G 1532.36 1282.05 994.92 778.45 606.66 473.54 369.04 290.08 241.59 198.26 154.34 120.45 100.54 85.03 70.51 63.29 60.61 62.02 64.63

H 1540.03 1188.72 924.95 717.76 562.54 437.84 354.13 285.19 227.99 187.43 150.20 122.38 103.54 83.17 72.01 59.86 54.90 61.03 70.91

I 1088.80 965.50 790.96 645.39 515.57 411.87 338.61 273.27 228.70 176.83 145.53 108.97 98.05 82.70 69.58 66.55 55.93 58.02 64.67

A 745.54 644.28 515.97 413.46 332.07 268.63 217.31 178.59 141.47 112.69 89.83 76.13 47.51 54.30 40.30 39.71 43.35 46.92 64.81

B 1095.34 795.99 593.76 452.54 351.91 289.03 224.53 181.97 140.62 120.47 96.49 66.15 65.13 51.92 46.88 42.85 40.28 45.97 48.33

C 1085.15 850.69 642.63 497.91 396.42 298.07 236.18 186.15 149.01 122.87 91.59 83.09 60.11 54.65 43.13 40.10 40.47 44.26 45.98

D 1075.17 862.83 682.51 529.60 423.68 322.32 242.29 189.81 155.70 125.67 103.90 83.39 69.23 54.46 42.04 46.28 35.95 37.06 42.44

E 1067.24 868.58 683.17 524.02 415.02 321.24 249.68 197.24 158.08 125.45 104.44 85.46 71.53 55.13 48.42 37.31 39.47 36.19 42.35

F 1071.91 876.57 671.51 530.31 398.78 320.13 247.74 194.36 146.79 124.65 103.68 75.85 70.80 55.24 52.47 43.43 36.82 39.74 42.31

G 1092.36 856.64 664.68 501.29 394.11 313.55 223.75 186.94 150.75 120.83 104.35 79.80 69.06 57.73 45.07 46.48 42.94 41.60 49.40

H 1105.17 803.75 607.52 460.51 371.50 294.89 227.03 178.77 153.79 116.47 100.05 81.19 58.63 51.03 41.36 37.34 41.21 37.17 49.17

I 735.19 650.76 512.89 427.72 350.35 278.68 230.22 188.88 147.87 109.46 89.70 76.69 69.86 53.30 45.70 43.89 40.99 40.13 44.02
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
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denoting area of dark zone 
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Daylight simulation results of H04 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 3805.29 3012.04 2344.46 1724.80 1320.84 992.37 706.50 563.29 426.54 315.22 285.91 237.62 185.70 129.21 116.39 103.36 92.64 91.42 130.04

B 5399.99 4264.50 3064.65 2216.20 1586.57 1125.54 834.69 617.88 484.67 375.04 306.33 239.24 195.76 160.60 128.42 116.26 88.01 105.38 102.34

C 5590.36 4555.68 3347.39 2463.68 1721.90 1262.33 904.38 681.62 514.59 404.49 319.71 243.13 200.41 171.34 145.28 119.48 114.17 105.42 97.57

D 5740.62 4702.77 3592.17 2539.80 1877.15 1317.36 1009.47 699.64 529.06 417.61 304.76 260.40 206.96 170.39 146.27 123.69 105.36 101.41 114.78

E 5911.42 4738.43 3598.87 2711.72 1926.44 1383.36 978.09 741.52 557.13 435.35 336.28 261.38 218.78 176.64 139.79 115.37 114.42 109.05 116.96

F 5801.98 4757.29 3512.34 2632.03 1877.83 1346.93 1011.34 741.04 560.19 402.34 315.30 257.66 204.31 171.95 145.61 123.69 119.20 100.95 106.17

G 5555.76 4606.80 3399.87 2512.10 1804.81 1287.68 955.87 707.03 549.90 417.74 345.43 254.48 189.70 171.52 144.60 128.44 117.96 112.19 122.24

H 5408.17 4231.98 3045.11 2212.08 1606.74 1214.22 880.70 664.50 511.94 407.56 311.54 253.18 180.70 175.05 131.72 122.85 102.57 98.61 122.03

I 3695.33 3212.80 2524.22 1931.09 1427.52 1071.27 821.57 571.08 484.46 384.94 312.06 241.35 208.61 160.41 141.22 108.99 115.43 103.76 106.47

A 2848.39 2194.20 1632.47 1203.86 972.37 706.26 552.63 442.42 340.33 279.04 230.53 183.70 120.45 112.80 95.75 97.42 85.66 64.00 108.87

B 4050.80 2977.14 2107.55 1466.79 1108.50 808.15 624.47 487.69 376.42 297.83 240.44 194.01 157.97 126.92 107.35 97.62 94.03 89.04 101.95

C 3968.39 3234.43 2337.71 1648.85 1238.35 894.14 673.00 500.72 406.51 317.42 255.52 171.74 167.47 130.14 113.84 94.55 89.95 88.71 92.77

D 3956.26 3166.05 2403.01 1784.29 1317.49 970.95 717.78 527.00 412.84 329.00 263.36 212.00 163.15 141.21 116.58 103.73 91.85 87.34 96.53

E 4000.02 3292.61 2455.09 1827.29 1326.76 982.06 740.55 556.88 432.06 343.86 264.20 208.29 166.16 136.68 114.18 103.61 88.14 84.82 87.65

F 3974.41 3217.32 2380.96 1792.50 1319.87 977.49 735.63 546.57 421.01 329.79 262.77 215.67 169.99 142.88 113.48 94.07 91.35 89.17 79.91

G 3916.44 3111.34 2292.23 1703.30 1276.15 929.94 694.70 530.22 410.46 321.56 256.11 210.54 175.89 141.03 108.45 104.84 90.38 90.48 94.26

H 3867.02 2949.20 2225.16 1590.82 1162.03 863.69 662.14 502.21 403.12 314.71 255.13 203.04 167.00 139.49 101.62 103.60 95.44 94.00 99.20

I 2703.78 2224.94 1803.26 1320.18 1036.59 793.14 620.98 472.99 369.26 289.84 226.91 199.50 157.59 132.58 109.24 105.30 79.29 84.28 88.66

A 1908.21 1530.65 1212.14 902.83 708.07 526.37 433.47 358.77 282.54 221.28 180.45 143.90 127.25 104.33 90.30 74.48 60.87 63.26 89.03

B 3057.52 2053.23 1455.05 1030.06 823.87 635.00 485.10 392.41 298.17 244.50 198.63 159.05 132.36 110.60 89.66 73.08 76.00 70.98 84.54

C 2782.82 2148.20 1578.11 1183.35 867.40 680.92 525.56 405.00 319.10 243.54 199.46 145.06 124.59 115.30 99.71 75.48 70.49 79.43 66.30

D 2712.09 2271.53 1715.63 1276.57 958.25 692.94 548.56 420.67 330.60 263.41 204.89 157.17 133.26 112.66 92.00 83.23 78.59 79.88 75.94

E 2572.13 2202.98 1619.04 1272.35 973.26 711.01 542.49 432.95 329.75 269.62 213.19 174.47 116.82 119.45 90.40 85.46 78.31 73.25 73.07

F 2534.13 2228.30 1595.23 1190.31 953.75 710.34 556.50 418.07 331.04 268.73 204.37 165.65 140.00 105.37 91.69 75.55 84.43 77.85 83.46

G 2704.85 2063.67 1606.79 1177.41 909.32 676.64 540.00 409.49 327.70 269.67 214.24 163.36 130.12 107.65 92.57 82.46 77.86 79.27 83.39

H 2599.04 1965.88 1444.83 1116.99 832.79 657.66 518.24 392.29 320.71 261.23 208.68 167.17 136.95 103.82 96.68 83.70 72.27 71.79 87.79

I 1844.42 1489.56 1183.07 1016.28 785.95 604.16 472.01 384.44 277.47 248.48 196.23 155.46 113.96 105.96 96.39 84.66 71.25 68.88 98.35

A 1452.19 1181.21 903.69 774.83 609.94 466.11 385.40 297.26 227.91 184.75 157.61 137.32 90.96 89.82 78.08 61.81 73.11 88.02 90.82

B 2277.11 1537.74 1083.40 836.10 669.52 520.43 406.37 319.59 256.74 211.78 166.09 135.63 111.45 88.62 79.09 76.85 73.20 79.14 69.00

C 1933.35 1625.47 1213.65 905.46 722.05 535.98 430.60 335.40 260.26 215.68 180.40 140.95 116.52 98.90 83.01 73.21 68.11 67.03 74.41

D 1778.02 1572.60 1240.33 953.98 737.67 583.07 441.68 355.94 277.59 228.51 180.32 152.95 113.77 93.27 87.62 75.56 73.05 69.04 66.13

E 1654.81 1506.00 1214.33 951.68 759.42 577.37 444.59 365.01 280.60 223.06 181.34 140.85 114.20 96.66 91.12 77.45 69.30 69.36 64.28

F 1628.44 1453.01 1182.38 968.25 724.12 571.12 443.47 343.32 269.37 223.23 177.10 145.14 116.29 100.25 84.01 68.85 62.97 69.94 72.97

G 1715.10 1479.34 1163.09 910.65 733.43 539.29 435.08 348.51 275.61 222.64 166.43 131.40 113.89 93.20 77.47 76.62 69.41 68.07 69.62

H 1851.09 1403.74 1082.09 834.45 666.79 512.05 413.96 329.18 263.89 213.29 159.72 144.94 120.91 99.06 84.46 74.26 62.16 66.98 69.43

I 1260.43 1079.39 937.12 799.49 621.61 483.87 378.97 318.53 254.37 213.78 160.41 135.87 104.16 88.15 83.20 71.58 70.30 62.90 78.09

A 1387.90 1025.51 780.75 662.58 539.13 438.95 337.17 261.02 224.70 165.87 139.55 115.59 94.74 68.00 62.63 56.67 53.21 52.35 54.70

B 1894.32 1332.77 998.38 769.66 586.98 475.87 358.00 303.24 233.93 190.94 158.60 119.46 103.08 83.39 64.43 68.45 57.24 60.97 70.56

C 1656.73 1351.56 1061.11 814.42 631.36 494.09 397.38 306.58 241.27 199.47 162.23 127.88 107.72 87.07 76.25 68.17 64.65 64.08 68.07

D 1511.83 1318.13 1091.44 793.99 640.17 523.54 394.86 311.68 254.65 200.63 160.95 133.22 111.42 94.67 69.36 69.19 64.15 63.18 70.08

E 1403.76 1294.29 1042.94 867.51 667.64 504.95 403.47 322.18 248.58 195.04 163.24 128.70 105.67 88.08 74.47 70.77 62.42 56.42 55.67

F 1480.56 1272.37 1021.59 832.90 653.80 508.99 386.15 309.29 249.52 203.94 169.90 134.26 99.49 88.50 78.78 66.34 61.42 61.64 62.18

G 1520.48 1272.79 983.47 777.83 621.97 483.91 383.91 309.53 245.54 205.12 164.75 134.54 109.79 94.33 74.53 66.65 67.66 60.92 70.40

H 1587.02 1225.07 942.96 686.76 583.03 449.26 376.84 287.11 235.85 193.96 157.19 132.57 104.40 95.04 66.52 65.99 63.93 62.60 73.53

I 1121.46 934.80 808.34 662.41 531.41 428.68 329.63 264.82 233.57 190.96 147.40 128.80 101.80 79.50 70.50 62.68 60.58 62.82 80.86

A 1316.03 952.53 750.90 591.22 490.15 381.18 307.34 250.19 202.46 158.90 129.21 109.24 91.06 74.11 67.33 56.73 49.95 76.93 97.17

B 1617.26 1191.50 879.90 669.95 510.75 401.02 329.15 261.87 204.41 170.95 128.01 112.66 93.76 79.85 69.48 58.14 61.10 63.74 61.95

C 1368.60 1190.13 909.92 693.56 557.04 430.55 342.69 264.14 217.62 176.61 146.93 114.64 99.77 70.84 70.84 64.42 61.22 56.62 58.88

D 1265.37 1133.44 912.28 724.58 555.15 447.39 353.18 281.60 222.58 188.97 147.44 116.73 96.54 83.66 67.38 62.06 62.77 59.88 55.56

E 1265.44 1101.29 928.97 703.62 583.42 431.77 357.80 287.30 225.67 180.65 148.25 106.66 98.41 83.70 67.69 60.18 55.04 58.82 59.27

F 1249.38 1135.95 910.98 694.92 549.37 445.34 343.89 270.78 209.14 180.59 143.86 123.38 99.94 77.39 67.40 56.04 60.45 55.61 58.30

G 1331.47 1135.14 869.46 667.20 538.41 423.81 339.31 273.61 223.28 174.41 146.86 122.25 92.38 71.78 73.56 61.32 58.82 57.55 67.69

H 1408.34 1062.16 808.62 635.39 519.57 401.86 316.53 260.83 206.26 171.58 139.46 108.87 92.78 80.27 75.73 56.73 54.52 58.50 60.61

I 944.11 859.02 707.60 572.71 469.10 379.53 293.30 235.79 204.81 165.41 133.96 110.15 93.56 75.15 67.00 55.16 58.89 59.05 59.54

A 1044.46 780.92 632.05 525.78 422.76 348.83 286.22 227.85 178.38 144.59 112.04 88.47 78.42 67.85 52.47 49.38 43.35 44.38 68.85

B 1334.65 978.69 751.25 565.89 454.78 362.91 286.42 228.02 186.20 154.47 124.05 91.64 75.54 65.18 60.56 52.93 45.22 47.15 57.84

C 1156.51 1019.92 777.53 592.89 481.32 381.55 303.49 229.05 194.55 154.17 131.54 92.47 83.23 71.55 62.85 48.80 55.56 47.04 43.83

D 1131.38 979.97 810.88 652.14 515.78 391.98 319.10 245.04 200.15 164.07 132.24 92.34 77.51 72.62 60.87 50.55 48.15 51.83 51.48

E 1102.63 969.75 786.97 653.52 530.66 392.92 309.58 235.09 200.09 162.97 134.59 109.94 86.59 68.24 62.69 54.77 55.90 54.25 54.89

F 1071.65 993.40 802.04 624.11 505.71 393.10 310.33 242.10 197.16 162.28 132.26 108.05 80.14 73.31 54.98 56.93 47.09 56.42 60.45

G 1167.52 948.72 751.62 619.07 467.21 387.64 281.78 234.38 194.48 161.54 124.90 92.05 84.48 72.21 61.45 60.85 53.86 55.27 61.83

H 1237.11 950.54 717.61 551.52 456.30 365.42 277.04 230.30 184.89 158.05 125.15 102.87 88.47 78.68 53.54 50.29 51.76 50.40 58.57

I 855.60 724.97 620.24 500.58 425.51 333.22 276.28 224.38 175.41 146.89 118.15 89.94 81.08 68.25 67.76 52.07 43.71 47.54 58.77

A 741.09 615.99 473.97 399.20 325.37 272.09 231.46 167.76 150.65 119.84 92.70 88.41 67.54 52.34 47.17 42.20 34.65 37.25 58.59

B 1050.42 734.87 556.88 466.93 355.06 280.95 224.46 189.88 143.29 126.11 105.88 78.84 67.00 60.38 42.52 44.61 38.25 40.41 52.25

C 931.33 791.36 620.02 483.44 367.50 292.92 249.42 199.41 152.90 124.83 107.10 73.65 68.83 59.44 47.45 42.18 37.52 41.41 46.59

D 890.67 779.52 637.12 516.35 416.04 307.13 262.93 203.18 171.46 138.31 108.82 91.23 69.07 55.47 48.73 40.58 43.11 44.05 37.84

E 871.75 798.79 685.11 498.11 392.76 338.48 263.10 201.99 164.46 126.30 101.86 95.74 77.59 65.11 53.56 42.00 43.75 40.95 45.51

F 853.08 802.48 650.96 480.03 392.41 328.05 258.91 202.90 164.90 135.46 112.54 87.67 79.15 57.19 50.61 43.91 39.00 39.75 47.57

G 941.22 760.68 625.60 495.92 404.09 305.74 233.86 196.49 167.98 130.81 98.99 81.14 77.58 53.63 45.35 46.49 43.96 45.90 48.41

H 1007.54 776.63 593.10 468.29 385.01 297.82 235.22 192.70 158.52 118.69 105.01 87.82 58.99 61.00 48.64 46.14 38.41 40.88 49.36

I 692.23 594.90 478.86 412.59 320.27 275.80 200.52 184.44 154.80 131.10 100.58 66.87 70.87 55.46 46.25 47.53 45.18 43.23 44.92

A 445.05 383.83 322.60 263.34 227.55 180.76 153.81 126.27 98.73 74.97 72.84 50.04 49.07 38.55 29.97 30.17 28.34 28.49 42.35

B 686.93 482.71 394.20 327.24 248.98 199.71 160.74 132.07 107.65 89.88 71.69 50.99 39.63 39.49 36.69 30.25 27.27 33.09 33.78

C 608.61 521.25 440.05 322.40 268.28 220.24 166.26 129.96 99.72 90.80 73.17 60.39 46.09 46.70 37.69 26.43 28.81 29.70 38.91

D 567.64 495.39 469.89 351.18 264.02 222.51 178.64 132.09 107.55 94.92 61.47 58.93 42.25 41.38 35.82 34.63 27.50 28.78 34.39

E 566.38 511.29 438.79 334.96 283.43 221.90 170.94 138.43 108.73 96.67 76.38 53.05 52.85 38.88 30.93 31.65 31.11 31.26 35.47

F 546.60 547.56 457.88 343.10 287.41 246.17 168.47 139.21 106.32 92.59 76.61 57.76 39.31 37.57 37.14 35.60 27.65 29.73 31.00

G 633.93 573.78 436.42 330.16 281.43 214.41 162.65 117.98 106.26 89.14 63.00 61.82 52.60 34.63 31.23 35.00 27.98 32.20 35.22

H 707.80 536.74 434.31 321.69 247.82 183.19 171.11 134.32 94.25 79.40 75.58 45.44 46.09 37.75 36.95 29.82 33.55 29.93 36.98

I 443.35 409.33 333.78 273.42 227.32 186.63 143.81 124.34 105.97 88.36 77.38 52.80 39.22 45.39 38.71 34.30 28.64 29.53 36.72
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H05 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1634.88 1436.95 1137.02 874.21 699.23 561.13 441.95 334.22 269.93 222.03 172.75 151.50 125.06 105.80 91.70 85.30 70.83 84.92 147.35

B 2523.37 2006.51 1342.94 1027.98 807.77 593.65 476.86 369.78 291.84 228.50 181.59 149.64 126.62 109.21 89.53 85.18 80.54 84.55 85.10

C 2239.08 1911.23 1475.11 1130.26 832.27 631.81 501.39 391.85 295.75 245.12 194.39 156.13 133.23 108.99 89.49 84.13 76.22 75.45 79.32

D 2173.30 1911.98 1497.67 1158.07 899.91 675.87 507.29 389.06 318.13 250.49 193.35 159.31 137.04 110.68 97.96 85.38 75.45 77.51 70.66

E 2078.56 1853.13 1535.12 1178.40 900.53 679.96 517.12 401.24 303.07 245.44 198.47 162.03 132.08 108.75 95.27 78.01 78.00 74.20 71.15

F 2081.94 1866.22 1478.05 1154.52 896.04 671.19 517.80 403.59 313.96 251.18 203.49 165.14 131.30 113.86 89.96 80.27 75.60 69.89 72.52

G 2032.54 1849.96 1432.32 1105.55 840.98 660.80 499.10 392.35 308.25 248.45 198.80 163.45 128.37 109.75 94.84 84.46 74.55 68.76 72.61

H 2270.35 1798.39 1325.96 1016.44 762.12 596.57 458.88 369.12 300.44 232.21 187.92 151.64 125.43 102.58 94.09 77.32 71.70 67.95 76.06

I 1550.16 1360.15 1128.88 868.26 693.40 546.80 435.89 347.12 264.32 223.63 180.16 148.68 119.41 103.31 84.53 77.66 72.65 69.45 73.36

A 1259.15 998.11 798.82 609.10 464.70 342.45 247.62 204.59 151.10 130.57 100.15 84.66 69.57 41.88 42.56 37.19 35.61 28.04 35.53

B 2067.02 1469.61 1013.47 697.08 513.36 392.54 293.04 224.54 177.83 138.28 109.75 85.91 67.80 54.16 47.25 42.11 36.12 35.18 29.88

C 1703.57 1463.75 1105.88 820.02 587.98 421.42 328.66 240.32 184.41 144.42 118.72 90.77 74.38 60.48 48.42 41.58 37.65 35.79 43.01

D 1582.63 1430.01 1105.06 840.67 620.42 441.44 341.48 255.18 192.08 152.88 120.49 93.78 71.14 60.22 51.58 41.70 38.78 36.05 40.56

E 1441.40 1416.01 1140.51 865.37 642.42 483.75 340.83 261.90 200.61 152.70 121.04 95.07 79.61 58.30 51.36 41.08 41.52 33.67 29.82

F 1522.82 1371.11 1082.62 833.58 626.29 468.74 337.19 263.07 189.63 152.89 117.37 90.95 73.40 60.64 53.59 41.44 38.15 41.04 37.52

G 1581.64 1401.32 1065.32 802.09 602.18 432.48 325.45 252.13 185.48 144.51 115.39 90.16 70.35 58.79 51.32 44.96 39.52 38.15 42.70

H 1740.14 1364.09 950.20 710.35 540.31 400.34 311.22 239.59 182.42 130.28 111.12 86.20 69.89 62.16 50.92 44.48 39.75 40.72 37.34

I 1133.69 957.29 773.36 543.94 490.55 376.22 253.00 220.04 169.91 137.04 95.74 71.24 73.15 53.40 50.60 44.92 36.10 38.55 59.99

A 1170.08 963.54 713.07 477.72 412.99 296.07 231.56 173.06 137.42 107.34 80.96 65.24 50.74 42.62 32.85 24.86 26.90 23.72 31.05

B 2000.43 1295.92 919.44 630.99 466.46 346.17 252.63 195.30 145.50 115.65 86.18 69.98 54.31 44.61 37.85 33.23 30.65 27.24 30.23

C 1542.23 1355.84 999.83 752.75 510.33 388.64 282.78 206.21 159.74 118.15 90.06 72.70 57.55 48.91 40.85 35.31 28.63 29.21 30.35

D 1336.85 1291.29 1027.28 762.34 573.74 408.16 301.07 224.90 165.29 124.38 94.54 74.32 58.82 49.14 39.98 35.96 32.03 29.17 32.78

E 1295.29 1231.72 986.96 766.23 587.23 417.60 311.69 224.54 164.23 127.81 91.64 75.37 59.43 49.05 41.73 36.11 33.39 31.93 29.87

F 1270.15 1226.17 983.31 742.45 559.49 402.39 309.32 227.63 163.43 126.49 94.62 76.34 60.30 49.05 43.38 37.55 31.56 31.65 33.29

G 1329.95 1240.75 927.68 711.85 514.80 385.10 284.26 209.09 158.00 117.80 96.13 76.60 57.58 46.21 42.36 35.58 30.36 32.07 28.08

H 1519.88 1190.70 864.33 630.56 481.63 358.07 264.37 200.53 150.65 117.55 89.96 72.25 60.60 47.32 39.64 31.39 32.24 28.19 33.53

I 1044.75 860.83 686.19 542.43 422.41 279.49 242.76 189.27 145.34 101.10 80.58 75.57 62.07 42.72 37.96 35.69 29.50 28.09 30.09

A 1162.28 907.80 654.54 496.84 381.48 266.33 219.46 160.08 130.69 97.39 73.97 62.52 52.76 35.46 27.37 27.26 23.29 20.83 27.83

B 1860.85 1230.36 850.65 641.37 458.76 331.90 241.16 183.64 137.33 104.63 81.29 61.47 49.78 39.05 35.49 29.47 25.88 25.70 21.19

C 1475.76 1270.02 975.46 702.31 518.23 376.25 272.29 204.45 146.68 112.38 88.66 61.70 51.17 42.84 35.89 30.49 28.20 26.33 27.88

D 1294.12 1223.14 969.23 747.94 545.57 392.11 284.84 209.67 153.12 118.59 89.49 69.99 56.00 44.06 36.26 31.93 28.85 27.45 30.31

E 1201.65 1178.18 956.46 757.43 551.93 394.01 290.69 209.32 154.67 125.10 92.56 70.35 54.12 45.44 36.75 33.15 28.62 26.04 28.19

F 1185.73 1162.14 959.81 714.53 531.86 388.83 283.19 209.79 148.98 113.32 88.61 72.47 56.85 45.51 37.10 33.22 28.23 27.29 29.26

G 1268.27 1159.24 907.04 670.58 499.68 361.41 267.84 195.35 149.39 116.16 90.23 70.87 57.20 44.69 36.75 32.88 31.09 28.52 28.89

H 1451.13 1111.43 817.94 580.27 447.98 323.81 239.59 181.94 140.32 109.19 84.69 70.87 55.09 44.90 36.68 32.83 27.19 24.73 28.62

I 903.87 802.72 644.08 507.24 389.17 294.68 222.54 150.76 131.60 94.29 77.00 63.65 52.78 37.12 37.03 31.16 29.24 24.39 29.78

A 1202.45 856.67 609.65 481.77 372.74 266.84 200.43 150.91 104.01 82.40 59.60 54.43 38.18 32.70 30.84 24.06 22.88 15.82 26.69

B 1603.40 1103.18 808.24 588.05 430.47 313.50 237.21 172.37 116.47 96.99 73.86 60.33 47.01 36.93 30.84 26.54 23.59 22.14 24.41

C 1280.17 1144.32 873.96 655.24 473.81 347.38 252.54 179.58 133.60 103.47 80.89 63.59 49.28 42.12 33.91 26.70 24.17 21.85 20.59

D 1119.26 1091.38 900.25 682.62 490.41 365.10 262.40 186.56 141.51 109.22 84.19 63.10 49.79 39.62 31.85 27.18 23.59 25.79 22.12

E 1081.10 1050.89 875.86 686.45 511.85 366.45 266.11 195.46 141.74 105.70 83.89 63.50 51.10 41.47 33.99 28.97 24.91 24.94 23.83

F 1043.19 1067.12 841.33 655.62 503.43 354.40 262.50 195.62 146.29 108.39 85.91 64.11 51.46 40.52 32.01 29.59 24.36 23.46 24.37

G 1142.06 1055.35 819.45 619.54 464.40 343.88 248.77 190.40 136.66 106.20 82.54 62.38 51.52 41.94 34.31 28.67 28.48 24.92 23.51

H 1289.77 1005.30 747.49 567.33 411.32 310.37 230.43 171.86 133.47 101.10 79.35 57.04 49.98 41.29 34.55 28.85 26.06 24.44 26.98

I 843.62 760.83 611.69 471.63 320.52 266.83 206.17 160.54 121.90 89.70 74.71 59.70 45.37 42.84 36.66 25.84 25.87 25.65 29.63

A 956.21 616.58 474.74 388.35 293.32 222.25 167.07 124.60 88.31 75.98 47.75 41.87 32.58 29.53 24.06 20.48 18.66 14.54 21.22

B 1289.80 904.11 664.82 494.39 360.34 262.65 182.04 126.71 99.20 78.71 63.04 47.99 35.81 31.70 25.53 23.41 19.43 18.03 17.86

C 1039.98 912.21 728.86 538.84 404.87 281.45 203.15 155.95 110.31 80.27 66.80 50.80 38.88 34.20 27.86 23.96 21.08 19.70 18.37

D 941.92 885.08 755.44 559.39 420.26 299.41 210.71 150.78 113.44 90.52 66.78 53.87 36.57 35.24 25.75 23.50 21.81 20.75 14.87

E 880.83 880.86 734.72 576.97 415.13 292.64 221.39 151.23 118.88 84.58 63.83 51.47 43.32 34.35 27.80 25.30 22.51 20.49 17.97

F 914.28 878.53 731.49 554.23 402.19 289.38 214.17 160.32 115.07 86.38 64.78 50.07 40.31 34.55 28.95 23.87 22.74 19.93 18.35

G 988.61 901.00 706.17 520.85 382.59 286.91 203.43 147.36 110.71 85.77 66.02 50.56 40.62 31.69 27.91 24.89 23.80 22.10 21.94

H 1123.48 863.59 631.00 462.56 355.32 258.09 179.78 135.92 104.97 81.49 64.47 47.48 39.70 34.32 29.40 26.89 22.42 20.72 20.58

I 754.27 654.98 509.76 362.83 280.76 218.45 154.39 134.24 103.44 76.01 49.87 51.41 38.42 32.87 29.09 22.72 23.56 20.07 21.70

A 680.17 536.02 431.43 284.65 258.85 183.23 122.38 105.19 78.03 62.70 50.09 41.03 33.26 23.87 19.60 15.95 15.73 13.77 19.98

B 996.85 726.35 529.73 397.05 296.93 214.56 157.85 112.58 90.46 68.26 53.28 40.67 33.42 28.41 22.45 19.70 17.73 17.22 17.30

C 837.76 765.97 581.86 431.15 315.83 234.33 172.27 135.23 96.03 69.89 56.30 45.39 35.22 27.05 23.89 20.95 17.82 17.11 17.25

D 750.24 751.95 606.35 463.43 349.51 247.04 186.74 132.79 97.02 72.92 56.40 45.57 38.12 28.89 24.53 19.66 17.85 17.79 18.21

E 741.46 740.98 613.85 475.25 359.62 256.65 185.85 140.00 98.33 78.07 58.41 42.26 35.77 29.05 26.05 21.67 18.90 18.03 14.77

F 774.89 746.72 605.46 482.89 340.11 248.62 182.37 132.90 95.54 75.47 59.63 43.69 35.61 31.29 25.26 19.95 18.72 17.39 19.77

G 838.69 763.25 588.35 453.93 323.26 232.23 180.44 127.56 98.97 74.39 57.95 44.59 33.47 29.32 25.16 21.13 19.88 16.94 19.72

H 988.05 752.34 541.52 390.06 291.43 211.67 161.37 120.43 88.61 71.52 55.65 44.28 37.25 28.44 23.55 20.44 18.83 18.14 18.72

I 679.02 550.18 438.66 346.23 235.20 182.72 135.95 112.78 84.78 62.57 50.59 41.43 35.03 29.36 22.71 19.89 17.73 17.91 24.84

A 549.40 376.36 319.08 217.03 188.96 126.24 101.81 81.82 57.38 49.32 32.08 26.55 21.30 19.02 16.97 13.26 12.98 11.10 10.89

B 798.52 551.87 392.95 298.93 207.14 158.27 114.62 88.27 65.42 48.26 39.25 32.36 25.20 20.77 17.24 15.21 13.21 12.80 12.25

C 645.40 584.89 453.52 321.23 248.47 174.61 128.80 95.15 69.67 53.57 42.17 33.28 25.88 22.16 18.59 15.16 14.08 12.85 13.16

D 567.80 560.05 464.50 341.36 265.69 183.21 133.66 98.22 70.37 54.26 41.58 31.16 26.13 22.66 18.45 14.88 15.42 13.61 12.25

E 571.56 556.60 450.23 348.07 252.93 190.51 138.90 97.80 78.71 57.00 42.85 34.59 26.54 22.39 17.62 14.76 14.81 13.98 14.56

F 581.44 562.93 458.97 353.11 255.15 189.84 137.10 99.10 77.62 58.84 46.55 34.33 27.12 22.30 19.24 16.64 13.92 13.91 14.35

G 649.03 596.67 444.25 340.47 245.61 175.51 131.89 97.61 74.98 55.55 42.75 32.33 27.53 22.74 18.85 15.73 14.34 13.71 12.35

H 781.99 578.86 406.08 298.79 215.35 163.72 117.14 91.96 71.08 55.53 43.50 34.51 26.45 22.04 17.70 15.52 14.47 14.11 15.67

I 531.33 407.23 307.07 242.54 200.39 154.97 96.76 82.02 64.01 49.25 35.71 35.15 26.69 19.65 17.41 16.86 15.27 13.97 14.57

A 294.70 223.14 164.94 141.44 91.49 69.21 61.39 50.32 35.53 26.87 22.88 18.48 15.07 12.88 9.94 8.23 7.05 7.02 9.99

B 488.34 336.16 224.27 168.30 125.77 93.23 70.16 50.11 38.27 30.02 24.88 21.20 16.03 13.13 10.81 9.95 8.13 8.81 8.07

C 382.45 340.69 264.77 182.10 138.72 104.08 75.57 51.16 41.11 32.78 25.07 22.35 15.82 12.51 11.40 9.22 8.80 8.36 9.15

D 327.99 329.31 273.64 200.36 150.06 106.61 80.31 52.97 45.66 33.01 28.09 19.66 17.02 13.00 11.07 9.56 8.39 8.43 8.53

E 312.48 322.36 265.63 212.20 157.51 111.06 75.36 59.99 42.81 31.84 24.96 20.38 16.28 13.58 10.79 10.20 8.23 8.42 8.63

F 343.97 344.35 262.07 207.58 146.74 109.71 79.75 59.62 42.43 33.59 27.05 22.89 16.23 13.73 11.43 9.90 9.40 8.47 7.60

G 395.59 368.55 268.02 194.82 146.65 102.83 73.57 57.04 43.59 33.47 25.57 19.66 14.95 12.33 11.43 9.62 9.26 8.21 8.29

H 507.92 361.85 250.38 168.63 121.08 95.04 69.21 51.01 37.74 30.42 24.53 19.86 16.75 12.94 10.48 9.47 8.35 8.15 8.32

I 381.79 244.16 195.31 129.74 114.75 82.87 65.13 48.42 36.57 27.30 22.90 18.63 15.46 12.78 10.99 9.44 7.81 8.23 10.69
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H06 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 4283.35 3949.54 3148.63 2459.70 1861.66 1454.78 1111.83 881.32 694.67 554.69 448.42 364.79 295.15 247.45 212.56 181.16 158.88 159.57 175.34

B 5710.79 4914.63 3799.20 2926.88 2194.84 1641.05 1245.84 963.84 749.71 594.09 466.57 375.60 305.89 256.41 217.55 191.47 166.31 156.11 173.74

C 5958.07 5299.30 4163.55 3177.91 2418.29 1786.74 1370.67 1039.23 791.65 626.11 494.03 394.57 325.54 269.72 228.23 201.74 177.59 169.70 160.31

D 6097.91 5517.83 4334.02 3381.52 2556.45 1880.73 1441.90 1062.27 819.93 648.88 513.82 413.30 326.84 273.14 234.65 189.37 172.88 175.37 162.45

E 6229.70 5551.44 4448.34 3438.80 2577.64 1977.90 1451.49 1114.63 852.11 661.44 523.25 409.46 340.11 274.78 231.63 205.80 179.05 170.82 175.26

F 6123.18 5546.02 4434.20 3420.40 2556.80 1917.41 1444.20 1092.88 844.41 653.25 506.49 409.63 330.02 280.28 226.47 187.24 188.66 176.67 169.52

G 5961.56 5260.98 4245.07 3249.26 2436.50 1866.30 1390.65 1070.77 796.46 633.35 506.25 401.03 327.11 265.40 216.96 184.69 181.45 167.37 188.33

H 5665.26 4938.34 3943.98 2985.14 2291.93 1676.81 1321.72 1002.75 774.76 611.41 488.33 388.50 320.09 266.05 208.53 187.02 175.05 171.01 177.56

I 4387.66 4310.71 3288.38 2645.71 2023.16 1544.87 1198.17 923.97 730.88 577.89 464.86 374.13 303.61 256.33 214.25 190.23 170.22 158.36 156.71

A 3758.75 3172.95 2492.38 1918.20 1491.07 1154.25 903.70 707.09 554.01 441.66 355.23 288.00 238.02 199.47 171.95 145.09 134.33 120.87 138.64

B 5197.12 3949.58 3032.05 2292.13 1720.03 1311.88 993.39 757.60 598.96 478.51 380.43 302.08 247.82 208.60 176.19 149.51 141.65 136.02 145.80

C 5435.21 4307.85 3379.19 2530.16 1894.61 1412.88 1075.44 810.40 633.14 493.53 395.60 316.00 261.47 217.54 182.21 160.46 137.32 141.20 146.55

D 5562.06 4439.35 3499.58 2667.41 2001.74 1495.11 1105.84 842.58 649.91 513.62 405.70 314.93 265.80 217.62 186.65 159.11 146.08 141.37 147.64

E 5584.42 4499.54 3548.11 2701.75 2045.42 1533.30 1137.38 867.46 665.57 517.67 408.54 327.80 268.54 225.87 179.86 163.44 148.73 132.38 142.18

F 5529.93 4434.99 3499.26 2686.83 2011.83 1509.23 1150.10 863.05 663.09 517.75 408.10 325.82 267.19 222.74 181.07 164.01 138.73 140.14 146.91

G 5349.33 4376.01 3368.56 2594.33 1936.29 1453.77 1098.34 832.82 643.02 508.12 404.73 325.22 259.92 217.77 182.06 161.97 139.41 144.84 144.64

H 5130.26 4006.45 3109.52 2374.14 1805.33 1353.06 1032.04 794.51 617.19 468.50 386.61 307.66 245.93 213.05 178.53 142.93 136.14 141.96 153.51

I 3722.57 3368.59 2639.81 2047.48 1596.89 1232.03 944.15 738.34 570.71 457.48 371.34 298.06 244.94 205.45 167.45 152.62 140.21 125.48 153.66

A 2803.68 2241.96 1775.66 1429.85 1140.13 902.25 710.42 568.10 449.93 366.30 296.31 244.19 199.12 173.73 139.39 130.90 116.77 137.64 179.22

B 3851.16 2746.73 2092.46 1642.10 1287.16 1007.57 787.13 622.33 492.15 395.72 316.05 241.33 214.45 170.81 150.33 125.48 118.41 130.63 123.81

C 3830.27 2887.61 2279.65 1786.64 1395.94 1075.52 843.46 660.06 522.49 410.67 329.86 269.03 220.66 185.58 154.14 133.94 131.59 126.79 127.13

D 3897.73 2954.67 2362.24 1862.38 1456.54 1122.82 885.24 687.25 531.07 426.98 339.93 274.97 223.15 190.15 159.54 133.29 131.58 124.66 125.21

E 3829.21 2933.15 2365.35 1897.75 1486.82 1133.52 892.78 690.80 542.50 430.25 341.19 279.11 222.40 191.34 158.14 145.68 125.72 117.16 120.59

F 3848.53 2929.45 2364.52 1870.79 1475.35 1124.41 873.72 691.56 543.37 431.25 342.58 279.60 224.52 191.21 165.91 135.25 124.19 118.06 119.25

G 3769.92 2885.94 2273.39 1817.34 1403.12 1090.44 841.34 665.09 505.34 415.05 335.77 269.11 224.56 185.80 159.48 140.39 119.08 120.46 132.08

H 3654.70 2744.70 2124.34 1690.30 1326.03 1025.26 799.96 624.76 491.42 407.07 326.35 266.37 217.93 183.15 144.15 133.90 121.83 120.90 117.28

I 2759.95 2324.18 1846.17 1453.35 1183.09 943.07 737.14 589.69 473.83 379.71 307.80 253.12 204.03 168.08 144.45 132.12 115.34 114.87 130.24

A 1945.56 1615.72 1340.44 1084.72 859.82 708.21 567.98 464.69 377.10 307.92 250.85 212.31 170.88 148.78 125.18 105.82 104.50 118.24 151.46

B 2502.05 1941.71 1532.50 1218.88 958.04 768.35 616.25 489.13 402.25 320.69 266.90 212.02 180.46 148.23 124.79 105.71 118.43 123.40 122.35

C 2210.65 2038.36 1609.65 1286.25 1020.12 812.52 648.15 514.59 409.64 336.68 274.24 225.73 186.49 158.85 119.95 117.65 109.37 105.45 103.43

D 2108.86 2048.80 1656.46 1336.47 1054.86 833.02 663.22 530.75 428.11 349.71 278.50 230.95 191.39 152.92 140.51 111.24 101.20 111.38 107.99

E 2066.44 2021.10 1655.16 1373.07 1061.98 855.31 668.45 538.86 426.48 347.42 282.93 230.01 186.58 155.10 139.91 111.34 109.11 110.40 110.03

F 2044.06 2019.76 1667.20 1339.49 1049.60 848.15 663.82 528.71 424.70 345.76 280.13 226.67 182.80 162.46 135.01 109.92 111.83 101.37 100.13

G 2060.70 1972.66 1588.96 1302.09 1023.13 816.16 658.50 523.03 417.13 339.06 274.48 206.36 185.77 154.49 130.42 123.86 104.01 106.58 114.79

H 2133.51 1861.51 1499.46 1201.52 986.29 775.46 624.54 502.83 405.02 327.15 268.23 218.66 167.23 156.81 132.60 116.83 107.00 107.45 115.37

I 1675.10 1576.57 1326.59 1098.07 890.36 714.88 588.21 472.68 381.46 314.65 257.02 211.38 175.75 142.40 129.84 116.07 100.15 91.04 136.36

A 1577.05 1407.46 1144.63 949.24 767.72 629.33 509.99 405.04 334.74 277.83 226.22 182.00 153.55 124.72 113.90 104.52 93.68 92.92 110.08

B 2053.51 1613.14 1309.61 1057.36 839.41 682.02 543.89 441.79 356.73 289.75 237.93 198.23 161.13 139.53 115.20 106.69 98.31 90.29 100.50

C 1860.68 1684.93 1374.68 1094.24 883.23 719.76 569.09 458.87 369.08 299.49 243.59 194.68 167.24 142.54 121.12 106.79 100.58 97.73 96.00

D 1805.11 1727.11 1422.26 1148.94 911.60 737.58 588.83 470.58 370.73 307.35 248.02 205.26 171.70 135.31 123.34 110.71 103.00 96.15 103.52

E 1771.90 1710.28 1422.77 1170.10 930.15 746.82 593.83 473.28 377.55 308.87 250.22 203.94 165.11 145.42 117.36 110.48 89.59 90.95 98.92

F 1765.00 1691.38 1416.72 1139.34 909.57 720.16 586.89 471.73 379.36 301.21 249.96 208.23 159.48 135.04 120.59 98.69 99.24 94.02 96.17

G 1796.99 1668.72 1386.11 1095.72 883.16 708.01 567.15 457.49 363.48 296.78 244.58 194.11 159.54 139.47 121.42 108.59 96.99 90.56 99.04

H 1872.12 1590.05 1256.19 1031.61 826.18 679.01 534.66 437.33 351.47 289.73 222.58 197.80 165.00 134.25 116.23 105.16 99.40 94.86 98.46

I 1438.49 1366.38 1119.16 940.58 764.88 619.78 507.63 407.63 330.16 272.75 227.35 188.81 157.40 125.29 110.92 103.87 95.88 89.41 90.74

A 1377.10 1222.49 1021.81 851.99 688.15 560.52 452.95 373.26 300.11 244.84 200.84 161.44 138.50 117.08 96.96 86.49 78.65 81.21 96.68

B 1733.98 1412.50 1140.40 910.58 736.45 606.07 489.32 396.99 312.51 259.20 210.32 178.11 147.24 116.90 107.04 94.56 83.39 83.79 92.58

C 1625.73 1478.01 1200.18 992.63 793.82 637.16 508.21 406.29 331.67 259.45 220.48 180.22 145.54 128.45 99.12 88.06 90.16 90.07 89.67

D 1588.00 1467.70 1250.74 1017.52 812.51 653.34 526.11 417.52 336.61 276.20 220.92 184.01 145.71 128.07 103.43 96.14 93.13 87.10 90.76

E 1577.48 1488.50 1271.74 1030.51 824.98 662.14 525.26 421.37 330.76 276.40 223.58 186.28 145.70 129.07 110.00 99.10 87.25 86.22 92.26

F 1579.65 1494.46 1226.52 1005.36 807.75 651.21 524.99 419.95 334.32 273.22 222.42 178.40 152.54 130.23 112.81 92.63 89.31 82.53 85.26

G 1587.06 1453.31 1209.48 964.28 777.00 639.49 501.99 409.49 325.70 270.31 215.24 181.36 145.99 127.31 104.14 97.79 87.73 82.51 91.23

H 1657.87 1386.26 1122.54 915.41 738.22 610.01 478.12 388.18 314.63 257.71 214.16 175.61 142.77 109.85 105.85 82.84 86.71 85.46 95.70

I 1290.57 1172.19 1013.00 831.43 675.09 554.90 440.06 370.79 295.36 250.43 200.73 159.94 144.23 113.88 104.36 90.04 81.20 85.04 96.37

A 1151.65 1073.31 894.95 745.58 608.13 508.40 413.13 333.90 272.00 224.84 184.11 148.93 133.41 112.53 93.70 82.52 74.97 77.91 93.66

B 1488.68 1231.24 990.71 807.07 668.16 538.66 432.94 350.08 285.34 233.47 193.54 157.32 131.36 106.59 91.91 84.40 75.45 75.64 87.94

C 1401.54 1286.74 1057.57 860.64 684.02 564.04 459.44 361.60 290.78 238.61 192.62 159.74 130.65 116.96 91.97 86.87 74.13 77.69 90.89

D 1377.67 1294.88 1091.55 891.05 723.33 587.51 472.81 364.58 304.31 249.07 200.97 162.19 132.98 111.72 98.74 80.08 80.77 81.40 78.68

E 1374.79 1308.59 1086.96 908.16 728.98 583.72 473.55 374.47 306.37 247.55 202.06 159.96 138.57 112.01 103.44 85.81 84.77 83.48 85.76

F 1368.82 1293.40 1091.77 891.47 712.39 581.77 466.99 372.84 303.62 244.67 199.39 157.88 138.24 114.22 98.45 86.84 80.39 75.95 82.05

G 1390.50 1294.99 1045.36 861.79 688.90 562.53 453.79 363.50 293.36 236.87 196.90 165.89 127.81 106.27 95.38 85.24 79.27 75.34 92.42

H 1452.28 1208.99 1001.55 800.74 659.19 531.21 430.67 346.78 286.68 233.98 192.27 159.95 127.58 114.22 100.19 87.85 77.98 75.09 89.26

I 1119.14 1007.97 871.51 731.68 599.33 499.40 401.72 328.85 274.73 224.62 184.75 148.40 129.68 107.46 96.93 81.93 79.79 70.83 94.58

A 914.22 870.91 723.83 613.64 507.25 410.85 338.78 281.45 226.44 188.20 148.08 129.76 111.00 92.17 73.34 71.65 70.94 87.77 105.45

B 1176.39 1009.34 818.91 681.35 538.03 448.61 363.40 288.98 238.90 197.41 157.09 132.20 103.68 93.30 81.13 77.74 70.92 77.26 73.26

C 1128.26 1042.42 879.31 703.32 565.62 455.70 376.55 293.26 244.70 199.05 164.01 137.31 107.57 91.62 84.58 68.30 67.00 70.70 74.21

D 1110.59 1042.80 903.85 737.88 584.59 480.08 372.89 302.39 250.50 204.67 157.21 138.90 111.36 95.63 85.26 72.79 69.38 61.90 65.39

E 1092.39 1047.20 899.57 745.82 611.26 477.33 383.03 317.13 249.32 203.81 168.41 130.99 112.33 95.48 81.78 74.11 61.93 58.71 67.82

F 1110.54 1036.62 906.80 723.33 593.11 477.63 379.65 305.40 250.70 209.40 165.03 135.32 102.51 88.89 80.11 70.09 70.13 62.26 74.87

G 1119.95 1040.23 850.83 707.92 568.23 463.35 371.33 295.01 241.87 199.89 159.33 135.94 102.34 88.87 77.74 70.65 66.32 67.03 67.72

H 1172.89 979.27 803.79 637.57 540.29 439.14 357.80 291.64 232.93 196.11 161.29 124.16 112.03 96.43 83.36 71.59 67.81 65.11 78.26

I 887.93 826.80 706.72 618.65 497.35 417.20 336.88 275.52 231.23 182.95 158.32 129.39 102.42 92.72 83.95 68.05 62.70 65.79 80.84

A 560.55 558.19 483.65 418.93 348.74 286.38 239.92 188.70 157.70 129.37 100.81 89.10 72.04 51.91 48.18 41.44 43.78 44.33 45.02

B 772.51 660.86 542.57 455.95 367.17 295.95 246.55 192.05 160.00 132.38 104.27 91.94 73.35 62.20 49.98 46.32 47.21 44.38 53.46

C 735.13 725.53 587.52 474.24 387.31 313.74 249.11 198.60 163.15 135.04 109.97 89.70 71.48 64.80 52.74 49.02 42.64 46.42 51.47

D 720.30 701.93 599.40 501.44 405.01 324.77 250.54 194.85 168.49 132.40 110.45 91.56 69.56 59.27 57.54 46.92 49.70 45.03 46.83

E 716.84 718.99 613.50 519.21 410.52 328.94 247.15 190.67 163.79 136.09 113.43 86.92 77.20 58.43 51.23 50.35 47.20 48.57 46.12

F 726.04 712.16 576.43 498.68 405.66 323.07 257.13 201.02 165.20 134.05 110.41 92.47 76.07 63.23 55.84 41.65 46.48 45.65 53.11

G 731.14 704.17 586.76 486.25 405.23 313.61 255.04 202.32 165.17 137.99 110.53 86.73 66.91 64.94 51.58 42.30 44.71 45.61 54.66

H 773.77 677.35 548.37 448.37 359.26 297.85 240.26 197.50 160.52 133.72 109.54 83.15 76.05 62.39 53.45 45.68 41.28 48.07 54.38

I 569.97 545.08 488.22 423.61 345.58 285.88 232.28 195.80 157.08 131.50 106.51 84.27 66.19 64.54 45.80 50.17 46.70 38.82 59.12
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of V01 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 3764.88 3098.05 2548.41 1961.28 1489.05 1140.06 872.79 666.24 516.62 414.50 330.55 270.38 214.49 160.60 135.71 123.86 108.67 99.54 129.56

B 40719.10 39984.10 2989.46 2264.52 1745.00 1323.48 1020.71 778.75 598.36 446.25 362.38 285.23 222.29 183.09 154.51 138.74 119.98 108.94 119.06

C 40668.70 4025.13 3261.18 2482.36 1883.77 1450.32 1073.55 833.39 600.79 492.56 377.26 305.54 250.68 194.67 164.50 147.38 119.29 123.22 132.96

D 4530.24 39962.20 3271.36 2574.05 2024.48 1480.82 1149.13 840.52 663.18 472.29 389.66 304.65 241.35 201.00 163.94 154.55 129.02 122.23 134.47

E 40683.30 39889.60 3205.16 2574.04 2005.62 1469.11 1160.61 891.50 661.38 529.21 374.66 298.15 242.85 188.45 154.50 135.09 130.31 123.73 132.57

F 40614.70 4206.91 3266.53 2516.18 1870.48 1473.03 1146.85 872.92 656.50 511.74 387.54 307.46 248.44 206.97 171.15 137.63 131.08 126.67 119.27

G 4773.40 3952.01 3159.43 2372.45 1803.27 1306.46 1082.77 805.89 622.52 496.25 380.44 306.35 240.95 195.82 170.47 142.76 135.55 124.02 128.74

H 40452.90 39679.80 2962.20 2176.33 1689.24 1289.27 983.43 760.48 567.12 450.13 358.88 284.67 224.04 183.57 154.89 141.55 125.69 115.98 132.32

I 39453.70 39733.10 2494.52 1938.65 1454.45 1106.61 817.90 655.63 529.66 426.94 323.90 262.15 214.15 164.16 139.91 129.38 100.09 106.91 148.36

A 3417.40 2760.35 1963.81 1542.97 1156.94 847.31 685.14 476.45 404.44 298.38 244.35 206.83 157.81 139.12 123.78 84.96 106.20 110.39 168.81

B 4559.31 3452.54 2407.52 1764.02 1307.17 981.90 763.90 549.74 446.34 323.12 278.83 215.08 183.94 146.65 128.60 107.94 107.34 108.93 116.36

C 45030.40 3533.08 2650.06 1893.21 1447.19 1046.28 811.75 603.83 465.96 368.38 290.72 227.84 173.24 157.93 132.66 112.02 105.98 102.38 107.63

D 45125.20 3499.49 2688.37 1969.54 1475.77 1119.82 823.59 609.57 489.41 373.57 291.05 231.27 192.32 156.50 132.92 118.11 107.36 105.67 101.38

E 4524.51 3382.66 2694.94 1930.54 1463.16 1104.81 817.74 621.98 464.88 370.72 299.92 238.76 189.82 142.67 128.36 121.09 103.92 104.91 108.42

F 44875.10 3429.21 2564.75 1861.56 1436.53 1065.37 801.42 615.39 461.24 373.80 292.73 232.71 196.49 146.39 134.42 108.85 106.64 97.70 108.50

G 44899.00 3285.24 2384.30 1753.10 1334.24 1018.91 750.99 580.78 458.08 340.40 286.82 224.97 185.01 155.90 132.39 108.72 102.24 98.24 103.04

H 4116.28 2995.41 2080.26 1605.62 1224.82 931.83 702.95 549.50 423.43 339.45 258.68 208.63 181.58 144.41 130.71 106.30 98.36 97.83 104.47

I 2957.46 2307.37 1852.60 1295.27 1023.97 788.72 633.81 490.54 375.93 308.54 260.99 189.88 176.64 140.96 127.23 104.06 91.06 95.31 123.78

A 2991.56 2253.06 1717.66 1241.70 952.19 734.13 564.39 423.25 355.34 275.12 210.96 187.84 133.51 120.02 96.14 83.96 80.23 69.79 99.29

B 4039.40 2775.66 1984.85 1398.88 1037.45 801.54 612.29 480.91 367.53 295.03 237.60 190.44 139.59 125.98 100.34 93.99 82.89 83.94 97.31

C 3841.23 2884.14 2044.54 1476.29 1154.50 847.49 654.38 508.94 383.80 292.64 244.66 190.28 160.81 125.66 108.60 88.06 87.39 79.77 88.61

D 3732.97 2929.17 2146.32 1541.09 1160.14 869.10 648.30 508.17 378.74 305.71 241.12 194.74 153.04 127.59 109.74 84.56 87.83 84.65 84.28

E 3681.67 2804.45 2053.75 1536.21 1137.27 853.14 645.15 502.56 392.69 305.00 243.79 193.02 163.89 131.48 100.39 97.62 83.12 80.78 88.67

F 3557.12 2673.80 1938.14 1431.39 1064.59 811.48 626.96 478.73 366.22 297.29 238.71 195.88 156.40 122.41 110.57 94.32 84.03 87.74 82.21

G 3487.03 2604.78 1893.78 1364.38 1020.08 755.90 588.96 462.24 359.13 287.41 227.23 187.44 147.23 124.58 109.16 94.68 84.31 89.31 82.70

H 3212.58 2306.29 1625.86 1224.95 929.37 698.63 555.25 423.87 338.79 269.71 218.74 177.54 149.45 117.19 104.50 90.65 84.69 83.32 89.44

I 2139.97 1772.85 1349.88 1003.89 769.07 604.41 490.27 376.12 312.71 251.68 197.11 173.88 132.64 117.35 107.69 90.12 85.97 73.07 78.50

A 1592.41 1304.15 1002.42 756.86 606.54 450.08 335.75 289.97 219.93 186.89 152.19 124.08 98.39 83.43 74.85 65.64 65.22 60.49 82.82

B 2601.80 1697.61 1249.20 898.84 720.27 531.41 416.77 318.18 260.19 208.76 172.73 133.38 106.49 89.19 78.79 65.67 66.55 66.39 73.17

C 2243.02 1792.78 1309.64 993.76 780.02 594.83 451.21 352.08 276.39 225.60 181.49 140.25 120.00 97.95 86.34 72.94 64.40 69.56 63.49

D 2125.18 1704.84 1396.85 1070.99 780.69 618.90 456.59 368.94 282.32 226.62 178.93 151.22 119.80 106.27 88.51 68.08 68.56 65.05 63.16

E 2224.06 1831.23 1399.78 1104.95 823.21 618.95 479.35 373.89 298.26 231.90 190.17 151.59 128.04 106.33 90.14 76.29 72.97 71.82 64.19

F 2060.33 1766.41 1317.32 1014.80 800.62 613.98 467.46 350.23 282.94 230.97 177.80 149.89 125.87 99.06 90.09 79.62 64.17 61.99 68.33

G 2144.21 1748.73 1286.50 962.85 738.12 564.73 438.90 345.24 269.45 218.09 178.04 146.29 117.13 99.27 79.14 78.98 70.71 70.41 58.83

H 2170.31 1595.42 1132.44 845.13 642.39 531.54 389.10 316.58 253.15 215.93 174.59 138.56 118.47 97.34 81.60 68.94 68.71 73.59 78.73

I 1443.02 1228.57 923.86 712.94 561.84 448.05 371.07 287.59 230.85 193.59 160.43 125.92 117.44 81.05 79.09 68.81 68.03 61.87 73.47

A 1271.15 1017.75 753.10 601.16 511.56 392.35 316.68 238.07 195.17 160.19 134.56 108.23 94.82 75.98 58.46 62.94 58.46 54.02 71.98

B 1954.05 1424.50 1013.11 761.99 592.37 467.82 363.56 295.03 224.28 190.09 148.92 118.24 95.24 87.76 69.18 64.67 54.87 60.88 59.13

C 1713.86 1479.31 1130.65 846.07 662.04 516.09 394.97 300.16 248.47 197.71 162.58 127.12 93.62 86.53 74.62 60.90 63.28 57.87 64.20

D 1685.55 1453.24 1144.85 920.50 690.31 539.24 414.34 324.61 251.78 203.22 164.32 124.28 97.98 90.70 78.75 67.07 62.84 57.80 59.32

E 1702.55 1509.24 1160.54 909.58 698.19 541.71 420.54 322.82 249.91 211.46 169.00 134.85 106.12 93.65 79.42 71.55 65.19 60.34 58.84

F 1680.42 1457.94 1145.02 863.61 685.08 534.47 406.39 311.56 253.68 207.45 165.37 120.77 111.72 92.03 75.67 71.85 66.92 62.92 61.32

G 1686.69 1390.70 1077.37 862.53 640.60 507.04 387.15 303.02 250.31 195.79 164.36 121.23 95.05 91.33 77.70 60.01 62.73 64.14 65.69

H 1797.71 1327.73 967.57 750.44 603.67 450.04 354.31 279.33 218.67 186.78 154.99 123.24 107.23 84.59 73.27 65.55 59.87 59.31 65.83

I 1165.86 970.18 758.87 637.33 498.09 391.53 325.36 258.56 217.37 167.29 137.24 122.33 94.72 82.83 66.67 69.35 61.06 57.47 67.20

A 1050.49 810.91 659.44 517.69 436.76 326.64 260.48 215.87 184.53 146.08 125.10 96.45 77.17 67.22 60.63 40.89 51.32 42.15 68.16

B 1528.46 1148.46 816.16 650.04 475.00 398.04 301.73 237.42 190.96 155.29 133.28 99.54 82.71 71.84 63.49 54.90 52.49 53.82 53.23

C 1440.66 1192.58 943.99 718.72 542.52 432.43 338.37 258.46 216.24 162.05 140.84 114.25 97.57 77.16 60.48 55.38 54.01 49.84 52.77

D 1379.11 1200.49 945.05 737.06 576.17 459.31 341.51 280.85 226.93 169.14 144.95 119.98 88.77 80.79 68.91 61.12 57.50 55.23 48.88

E 1364.53 1242.22 990.64 775.24 593.74 460.07 337.88 280.92 214.71 183.37 140.92 116.89 94.72 74.19 72.82 64.81 50.84 56.65 62.82

F 1387.38 1189.90 942.38 744.52 564.43 472.29 345.58 275.39 224.84 175.29 130.17 120.28 91.76 82.23 59.31 58.41 58.45 55.08 57.94

G 1449.07 1154.82 908.28 710.25 557.62 440.23 330.64 259.07 214.60 165.15 140.51 114.89 92.56 73.50 66.40 55.40 61.78 56.88 61.52

H 1481.24 1088.95 821.77 640.29 490.91 381.07 303.08 236.36 198.16 156.39 134.72 105.67 84.58 80.57 60.53 58.80 54.82 53.16 56.11

I 1008.26 845.51 669.49 513.32 438.63 323.57 252.04 207.33 184.86 144.19 112.97 85.05 82.42 71.77 61.04 55.91 54.72 50.97 71.16

A 871.90 720.12 588.35 468.94 372.84 290.52 221.45 177.81 152.97 121.04 110.18 76.41 68.46 60.76 52.14 46.28 42.76 34.20 61.96

B 1328.80 961.81 758.82 584.92 428.50 337.12 273.79 220.06 171.92 137.92 118.63 92.65 72.09 56.16 57.20 49.98 43.09 43.33 52.47

C 1223.69 1015.91 807.19 619.41 510.07 376.53 291.37 229.82 176.92 154.08 120.50 102.58 86.70 70.88 60.96 50.22 50.89 51.23 52.65

D 1179.98 1026.62 829.26 668.45 513.16 404.40 306.71 238.44 194.02 152.72 120.66 103.60 85.59 71.41 64.05 54.79 52.38 50.86 52.43

E 1154.46 1024.61 841.89 650.92 524.83 402.96 312.15 238.69 196.19 159.72 127.31 95.17 86.71 64.47 59.87 58.84 46.25 46.45 51.53

F 1176.06 1046.09 816.71 647.63 473.34 390.42 298.02 246.19 189.69 157.58 130.52 87.33 84.59 67.53 61.52 53.17 47.38 54.93 54.74

G 1218.75 1066.22 805.45 606.98 481.93 377.57 294.38 235.32 156.29 151.55 123.27 93.37 70.29 72.39 63.72 58.04 52.83 49.48 60.48

H 1307.72 975.08 734.27 549.29 438.20 338.31 272.79 212.96 178.21 144.87 118.95 98.59 83.89 69.06 53.62 52.27 54.62 47.14 56.11

I 851.70 668.80 604.22 443.76 374.31 289.71 215.57 170.48 167.35 129.89 112.05 88.46 72.05 62.89 59.44 51.07 44.38 49.34 69.05

A 698.02 572.62 467.22 364.42 294.07 238.08 184.50 158.71 134.95 107.31 84.70 78.28 61.77 50.54 42.13 44.24 45.91 62.66 64.80

B 1052.87 787.41 605.67 471.26 338.02 278.95 206.43 166.57 142.28 114.26 91.59 71.73 65.72 52.88 47.50 45.81 48.44 49.48 50.34

C 979.98 835.98 697.44 488.55 380.34 300.99 240.07 187.34 146.46 120.59 105.43 77.45 65.55 47.69 48.70 41.71 42.73 41.85 40.66

D 966.10 842.93 692.24 528.39 392.14 332.62 235.65 194.98 157.18 132.33 113.32 83.09 73.66 55.11 48.67 40.20 37.81 40.59 36.23

E 996.16 899.61 689.04 555.09 424.04 339.56 268.01 204.04 161.79 132.66 107.19 90.07 75.23 54.93 44.46 39.93 43.57 43.38 39.54

F 978.27 873.21 707.71 530.82 424.68 340.52 251.38 195.98 157.40 124.39 104.89 84.98 66.10 57.39 43.16 42.39 37.76 42.44 44.45

G 1031.14 856.04 656.39 511.37 379.49 304.37 235.37 176.77 158.85 119.61 92.45 78.65 69.59 53.49 41.83 39.05 44.80 46.10 50.81

H 1089.01 823.99 595.84 452.12 349.21 277.65 197.18 178.94 145.05 117.97 93.16 82.56 65.84 59.81 48.14 38.04 42.63 37.99 51.85

I 679.57 564.40 473.66 354.92 308.52 245.63 185.06 155.95 121.04 108.62 90.74 64.23 57.80 57.71 46.34 41.59 40.39 41.09 54.97

A 438.70 365.30 295.52 230.81 183.50 147.90 137.59 92.50 89.99 64.18 55.50 44.82 32.31 37.18 30.94 24.66 27.96 38.82 54.46

B 744.62 543.17 395.69 307.89 223.42 178.48 142.53 120.68 90.30 67.62 66.03 46.90 45.30 33.19 33.68 31.46 24.46 37.16 31.83

C 683.49 580.17 470.46 337.27 260.24 208.75 159.55 120.46 100.90 84.98 67.28 56.56 42.84 38.80 34.12 26.80 23.69 32.61 25.27

D 648.75 593.57 464.54 369.06 289.35 223.80 168.94 125.09 90.05 87.79 72.29 60.53 39.57 34.01 28.06 34.61 25.93 27.15 27.33

E 638.56 566.32 460.59 354.97 278.62 231.20 174.17 125.43 111.27 90.00 75.14 61.80 42.65 41.82 29.65 25.91 25.37 28.37 27.84

F 684.52 555.06 460.62 346.89 272.66 215.91 169.38 126.89 112.96 85.92 70.03 52.44 47.36 40.08 35.34 26.13 24.08 25.74 26.23

G 707.11 603.26 440.17 339.15 276.63 206.27 147.53 123.45 103.83 85.71 61.90 42.68 43.75 35.37 35.74 29.99 24.72 32.04 31.93

H 771.35 592.99 425.95 292.90 240.13 182.57 144.51 113.94 95.51 75.87 64.74 50.84 39.63 34.44 27.09 29.31 28.50 27.76 31.33

I 510.59 388.04 316.57 238.03 200.41 159.03 129.95 102.32 84.47 74.53 57.66 48.86 41.74 34.98 30.38 27.59 27.69 25.32 35.04
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of C01 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 4212.05 3777.48 2987.27 2334.53 1777.73 1315.82 996.26 801.37 651.56 503.32 397.06 316.56 266.50 204.62 179.65 164.70 144.37 129.33 174.00

B 5731.19 4820.17 3628.99 2757.47 2083.28 1582.35 1199.20 910.84 718.77 555.95 434.52 342.78 283.15 228.99 187.00 168.79 145.53 141.62 149.04

C 5904.33 5224.06 4137.27 3057.69 2281.79 1742.54 1318.69 972.52 769.80 589.08 464.75 376.39 297.78 249.38 212.06 187.43 166.08 149.15 160.59

D 5901.84 5371.77 4260.36 3241.68 2442.63 1849.45 1375.28 1052.88 802.60 623.69 482.86 377.46 306.24 252.77 204.51 183.57 158.01 140.59 179.54

E 6013.43 5352.64 4447.34 3291.03 2529.58 1891.90 1435.56 1083.95 819.63 633.52 493.16 398.87 316.43 255.86 226.98 186.40 163.22 150.27 159.45

F 5990.30 5318.34 4293.33 3276.89 2486.55 1868.74 1422.59 1073.07 813.10 627.70 496.22 366.68 313.01 261.57 216.20 184.74 157.25 164.44 178.67

G 5846.19 5186.58 4213.27 3206.62 2359.25 1815.40 1376.30 1040.17 785.59 613.63 480.56 386.36 308.88 257.53 212.92 176.43 169.18 153.49 149.83

H 5798.28 5088.79 3946.66 2975.12 2246.77 1677.47 1279.42 966.99 759.34 588.56 463.65 365.57 289.50 251.19 198.44 188.26 163.90 139.01 157.02

I 4812.81 4890.59 3545.47 2548.52 1978.66 1515.72 1154.50 896.03 722.94 542.13 434.27 355.36 290.84 240.75 197.31 167.07 146.47 135.94 190.98

A 3925.89 3283.79 2599.61 1998.42 1540.42 1184.30 939.93 743.77 584.81 463.55 373.12 309.47 258.62 211.94 182.78 162.49 144.65 139.87 170.68

B 46182.20 4258.44 3096.88 2346.60 1744.91 1345.45 1024.81 803.84 633.98 498.36 404.22 328.99 258.64 214.27 193.07 170.52 152.07 135.84 140.01

C 46234.00 4622.96 3452.08 2550.14 1916.11 1446.36 1097.97 852.71 661.96 526.44 422.92 342.23 279.64 235.56 196.33 169.03 158.19 150.10 151.69

D 5608.87 4740.34 3623.88 2738.91 2013.61 1522.39 1139.15 882.99 692.71 545.26 435.86 349.33 286.35 237.00 201.21 177.32 153.07 145.81 151.19

E 46229.80 4791.86 3667.20 2731.34 2058.93 1531.20 1173.62 891.97 692.01 548.51 439.45 350.69 292.84 232.51 199.42 176.86 159.51 151.12 138.79

F 46250.40 4728.39 3638.30 2727.12 2041.17 1550.20 1153.92 899.12 701.16 545.52 436.43 332.20 288.09 230.13 203.63 178.94 160.04 153.19 154.14

G 46092.60 4600.72 3518.73 2622.62 1954.87 1458.81 1126.94 872.71 680.36 529.76 433.11 348.96 281.52 231.28 201.76 175.69 160.57 155.33 153.14

H 46075.40 4372.35 3253.94 2418.74 1825.32 1397.92 1064.34 831.56 650.77 516.35 416.15 335.73 274.92 231.61 179.30 165.74 155.72 151.29 148.48

I 45070.00 3681.77 2758.55 2142.92 1635.29 1249.41 973.68 781.97 608.00 495.57 396.24 320.52 267.14 222.31 186.40 149.69 144.12 131.75 170.18

A 3077.12 2581.24 2012.37 1577.12 1215.71 971.12 763.43 607.70 479.10 388.25 314.61 260.03 206.59 182.00 154.23 128.44 111.37 112.66 143.25

B 4502.32 3316.88 2417.33 1810.03 1382.65 1067.86 819.17 652.02 520.15 413.72 333.87 273.03 220.50 179.89 161.72 144.63 128.35 125.70 126.65

C 4483.27 3627.28 2676.99 1953.27 1480.20 1130.77 870.11 690.14 544.14 431.86 348.67 284.63 234.70 195.48 167.34 143.98 123.35 129.29 134.16

D 4423.59 3700.67 2809.67 2104.49 1559.10 1184.22 908.49 713.20 557.97 444.80 357.86 291.33 237.40 198.80 172.19 142.30 135.95 125.66 126.02

E 4479.96 3725.43 2841.30 2136.36 1597.59 1213.76 927.27 719.73 563.67 456.32 360.66 294.82 239.05 199.61 172.96 150.02 129.73 130.85 122.83

F 4441.21 3676.45 2777.96 2098.34 1576.61 1207.16 919.35 718.70 553.00 449.98 363.46 290.39 238.08 202.74 157.72 144.48 135.14 125.25 130.02

G 4358.95 3561.44 2720.14 2012.56 1511.20 1158.44 882.74 701.96 553.35 437.33 357.29 288.15 236.22 188.53 170.64 148.96 136.46 132.02 135.08

H 4293.49 3378.29 2484.65 1876.11 1413.65 1093.30 843.07 677.02 528.19 420.31 345.89 281.23 219.37 194.53 165.63 138.48 134.69 117.57 128.09

I 3227.59 2760.91 2158.99 1656.72 1271.57 997.70 784.86 625.87 500.96 398.82 324.51 265.60 219.97 184.05 159.21 138.37 123.09 106.36 145.56

A 2196.75 1883.24 1498.87 1194.84 955.06 765.82 612.63 492.59 399.54 324.13 263.33 222.11 188.51 154.12 132.83 114.15 104.32 126.30 148.56

B 3262.18 2324.66 1765.48 1376.26 1061.01 846.31 667.27 529.44 424.37 344.64 281.90 231.99 191.78 164.33 130.95 123.84 114.89 112.91 125.85

C 3101.53 2525.70 1892.13 1470.16 1137.60 890.83 699.46 557.22 444.66 357.13 288.40 240.19 197.12 167.27 145.66 126.87 109.47 115.56 117.24

D 2940.87 2515.44 2002.19 1543.90 1182.69 929.82 735.39 569.72 452.05 365.44 292.92 241.56 194.89 165.09 143.81 126.97 120.97 112.23 109.45

E 2952.25 2537.96 2019.88 1561.17 1206.80 936.39 737.26 584.64 457.58 367.69 296.11 233.25 195.62 169.57 144.28 128.52 119.84 115.81 118.82

F 2942.18 2451.73 1974.05 1510.41 1192.30 932.97 729.61 573.82 447.95 362.28 299.99 244.71 201.45 162.25 143.15 120.68 112.64 118.50 119.86

G 2888.32 2435.40 1892.35 1482.55 1149.46 889.18 704.95 560.25 448.36 362.64 294.94 236.21 200.60 167.08 141.43 115.87 120.19 118.57 114.34

H 2976.70 2307.36 1762.17 1353.55 1086.35 858.03 676.98 533.40 428.31 349.61 287.88 234.70 194.41 162.23 135.56 111.00 109.25 110.81 111.29

I 2185.31 1907.17 1541.08 1215.84 983.89 778.13 618.30 497.61 404.63 327.02 268.96 215.77 181.63 154.60 126.50 113.54 105.77 103.68 120.60

A 1852.65 1614.58 1313.01 1070.90 839.94 683.52 552.73 438.06 358.28 290.13 237.61 198.28 158.32 138.12 108.75 106.56 86.65 88.39 112.32

B 2614.19 1937.61 1514.05 1193.56 943.87 749.61 599.74 474.11 383.25 309.27 253.04 207.56 166.79 138.18 119.53 105.28 90.86 89.76 101.74

C 2517.86 2065.85 1619.08 1278.94 1019.34 794.41 626.13 497.61 401.88 320.52 261.43 212.58 176.80 149.71 119.11 111.27 104.06 104.28 106.03

D 2459.02 2077.91 1674.31 1312.59 1038.34 823.36 652.62 514.34 405.27 330.08 267.04 211.60 179.43 152.01 122.48 115.27 107.55 98.59 107.34

E 2436.92 2099.52 1674.69 1331.89 1057.79 832.34 659.08 518.74 408.31 338.09 268.64 223.18 182.00 147.11 129.23 113.25 104.34 96.42 104.81

F 2405.65 2072.67 1649.09 1312.47 1023.64 813.34 645.02 515.16 408.85 328.46 269.03 208.73 176.71 144.13 126.63 114.86 103.15 102.48 102.09

G 2380.22 2020.68 1620.07 1275.07 1005.24 792.58 631.71 503.40 397.95 323.11 263.30 217.30 178.65 142.46 121.39 109.16 107.37 104.63 101.70

H 2404.68 1891.02 1486.14 1172.51 949.35 749.97 595.58 475.97 386.01 313.33 255.58 210.06 168.17 143.56 127.25 108.36 101.53 101.28 105.20

I 1829.43 1593.49 1294.47 1053.79 844.31 682.73 544.70 446.10 359.18 294.15 241.10 194.42 164.40 136.53 120.37 100.10 92.46 87.05 92.38

A 1604.82 1414.57 1153.73 951.12 759.97 608.28 485.51 400.08 323.35 268.99 215.13 179.82 149.91 131.70 111.75 92.99 88.83 109.78 126.75

B 2172.83 1688.84 1327.71 1077.27 839.16 665.47 532.39 429.50 343.47 282.37 229.67 184.17 155.43 131.13 111.64 104.91 96.94 100.09 101.12

C 2112.67 1786.02 1443.11 1129.24 885.47 708.71 564.77 442.97 355.38 289.28 226.57 192.89 163.39 132.15 116.49 98.03 96.74 102.27 101.32

D 2104.64 1803.67 1462.50 1181.64 918.13 724.94 580.06 458.89 370.06 297.04 241.50 199.90 161.64 128.45 111.98 107.92 102.20 94.86 102.64

E 2081.58 1808.31 1471.23 1185.93 931.20 729.19 585.05 460.51 366.86 298.50 241.71 200.76 165.51 140.69 117.05 106.84 96.55 95.29 96.55

F 2052.33 1788.85 1447.38 1163.49 916.25 726.28 576.26 458.79 359.47 294.28 239.23 195.73 163.32 128.10 114.53 104.69 97.91 98.78 92.50

G 2077.87 1742.79 1392.87 1120.58 886.42 696.94 556.75 440.80 357.27 289.84 236.57 194.65 161.22 130.10 110.22 106.02 95.09 87.00 93.00

H 2075.63 1661.18 1303.70 1037.47 831.16 663.02 532.17 425.92 342.09 278.53 231.00 189.04 155.58 133.08 115.51 97.19 94.31 89.46 95.74

I 1555.39 1372.77 1149.64 927.11 757.77 603.30 488.10 399.32 323.75 261.68 215.97 176.82 148.41 117.95 109.69 97.41 90.63 80.06 86.03

A 1357.44 1235.91 1021.12 833.43 681.70 553.43 439.92 359.27 292.45 241.91 197.84 163.26 137.45 108.20 100.91 80.60 80.21 71.17 98.06

B 1870.23 1468.10 1174.84 932.56 745.08 592.72 474.39 384.47 305.63 253.05 205.82 170.69 134.10 119.94 104.31 86.81 85.59 75.54 89.01

C 1853.15 1552.51 1272.96 1012.29 793.11 623.17 503.63 393.34 317.57 258.85 211.37 160.47 146.73 118.31 102.31 92.25 87.42 77.93 85.61

D 1824.56 1596.51 1306.63 1016.32 825.90 649.74 520.21 409.49 328.70 267.11 214.93 178.94 146.35 112.50 101.05 90.50 78.41 82.78 80.97

E 1801.02 1578.91 1304.69 1049.55 831.86 657.58 526.91 408.19 330.33 267.42 218.17 182.17 141.79 121.61 99.95 90.64 86.75 79.11 83.58

F 1797.35 1575.17 1287.79 1026.81 804.91 647.61 510.39 406.47 319.87 267.49 210.52 180.79 147.63 112.91 103.31 88.90 83.45 86.94 90.58

G 1818.31 1550.77 1239.05 1003.18 784.29 637.07 491.81 396.49 320.48 259.24 214.63 173.82 134.64 114.25 105.32 88.67 89.62 87.85 91.76

H 1803.10 1459.28 1146.59 917.10 740.87 589.27 467.18 373.64 305.18 249.70 205.89 160.35 143.79 115.27 101.19 91.83 76.98 82.20 88.15

I 1342.95 1200.57 1018.55 830.47 663.80 537.00 440.28 358.32 291.15 234.70 197.97 153.81 129.22 114.85 98.76 86.24 76.69 78.19 77.69

A 1086.16 1008.78 846.93 686.36 564.70 449.74 358.81 286.17 239.73 201.66 165.11 140.51 111.59 87.01 85.20 69.27 69.21 61.36 84.15

B 1546.53 1211.19 971.63 761.87 605.24 491.24 389.71 312.69 256.04 208.82 171.37 138.31 101.45 91.98 82.96 71.11 63.62 64.79 79.80

C 1504.62 1282.90 1036.93 815.43 659.11 516.68 411.11 321.78 255.94 210.99 176.00 141.37 119.92 103.78 90.05 77.57 71.68 71.19 74.06

D 1493.20 1327.52 1079.01 850.60 666.95 532.40 423.93 331.47 273.18 220.66 184.03 148.15 115.15 91.75 82.75 78.21 74.72 70.35 74.65

E 1485.50 1318.26 1083.75 864.12 678.87 539.83 426.08 337.97 267.44 225.28 178.29 149.31 125.26 98.34 81.41 73.93 65.05 63.65 68.51

F 1501.74 1321.95 1075.10 859.70 671.76 522.63 423.24 337.18 266.14 219.24 182.61 143.81 121.16 94.69 85.19 78.32 64.96 75.08 76.60

G 1503.63 1313.38 1046.40 816.93 640.92 516.22 402.90 327.95 249.65 211.01 175.58 144.34 120.14 103.84 89.33 79.53 74.01 66.44 82.47

H 1516.07 1216.54 956.12 742.58 603.69 481.73 387.58 313.61 257.11 212.56 159.53 144.96 106.18 95.45 86.16 76.14 68.44 68.78 73.82

I 1059.35 997.12 831.18 687.11 564.27 446.23 362.13 296.64 242.33 199.10 168.67 127.78 114.68 95.82 80.80 70.93 69.10 67.84 67.69

A 741.76 680.68 575.90 469.08 382.83 300.54 253.38 202.76 165.64 136.68 115.92 94.50 77.90 60.20 58.42 46.69 46.09 44.11 59.61

B 1062.01 849.53 641.69 515.12 408.49 327.05 258.91 208.68 169.51 137.24 113.52 95.45 77.11 65.55 58.32 54.11 46.72 47.59 48.80

C 1033.43 904.53 702.86 558.67 436.65 344.57 267.18 216.52 169.80 142.89 118.36 91.37 68.78 65.60 58.31 53.24 48.73 42.60 53.91

D 1008.95 914.79 747.88 592.14 462.06 357.10 280.32 224.62 179.31 151.13 121.42 100.93 84.04 62.05 59.23 50.66 47.72 44.52 50.79

E 1006.55 913.54 757.13 595.45 459.84 363.55 279.03 228.44 181.32 149.20 120.86 99.11 77.53 71.49 58.14 54.79 48.88 50.77 51.66

F 1030.45 908.23 754.95 583.19 452.29 350.40 284.85 220.33 180.62 150.71 124.30 88.03 77.76 71.24 59.78 50.16 46.61 45.02 51.31

G 1060.51 898.55 719.06 561.31 436.96 337.83 266.81 217.63 177.63 140.22 121.17 98.40 80.53 68.26 55.23 54.66 48.20 48.17 53.65

H 1061.19 843.93 686.46 523.36 416.56 329.52 262.23 214.34 171.58 145.61 113.00 95.78 81.35 56.08 49.82 53.07 45.93 48.29 57.15

I 752.33 691.46 563.01 463.51 390.07 297.69 252.98 204.78 171.87 140.55 112.60 95.05 72.06 62.86 60.85 49.72 42.91 43.52 61.42
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of C02 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 3930.10 3100.24 2524.30 2062.58 1573.95 1185.39 922.41 715.70 553.83 459.11 374.94 282.79 228.57 184.88 147.96 144.24 114.76 138.98 187.21

B 5362.31 4135.04 2900.71 2325.94 1705.89 1349.28 1007.28 775.32 612.59 481.88 376.71 288.81 229.53 187.10 163.79 154.87 127.15 148.21 152.80

C 5204.59 4325.59 3248.10 2465.74 1852.71 1366.53 1069.31 812.04 629.40 487.16 358.23 300.72 238.21 192.86 180.67 144.69 135.79 137.15 131.99

D 5414.98 4371.77 3350.54 2488.63 1880.77 1437.89 1047.43 821.90 624.48 456.72 387.13 306.19 253.92 192.69 178.34 145.88 137.31 135.82 137.55

E 5194.91 4301.32 3293.48 2388.54 1861.55 1383.03 1046.71 805.57 614.75 484.79 378.15 310.77 250.79 201.44 173.24 134.94 132.94 127.43 138.60

F 5034.85 4218.58 3156.54 2412.27 1784.51 1324.89 1015.62 766.15 609.18 475.55 375.00 293.66 231.07 191.02 170.30 149.46 133.30 130.69 133.77

G 5088.96 3935.31 2940.33 2224.02 1672.24 1251.71 918.91 748.10 577.92 456.99 344.83 290.44 239.63 200.44 158.21 140.43 127.77 124.73 129.88

H 4939.70 3845.98 2793.02 2038.31 1553.49 1194.03 876.29 681.06 544.05 429.68 338.04 282.49 235.71 187.97 158.92 127.74 123.72 126.56 135.76

I 3668.90 3055.85 2364.06 1714.29 1347.12 1046.75 813.70 636.12 476.99 414.35 335.84 271.10 204.23 181.87 139.69 134.81 111.44 121.23 116.87

A 2456.26 2087.56 1630.25 1262.21 1023.71 834.80 637.87 519.99 409.75 333.49 259.11 224.20 184.48 137.17 127.96 113.13 105.47 121.12 177.51

B 3664.18 2757.34 1941.39 1487.28 1132.38 899.84 700.20 547.64 427.84 360.77 263.89 204.35 176.84 145.08 134.53 113.60 117.18 107.01 110.55

C 3596.31 2930.49 2063.50 1619.40 1192.04 963.77 747.73 581.19 463.62 361.88 286.20 236.12 179.86 153.80 122.91 110.85 106.08 105.38 113.15

D 3603.98 2864.33 2328.58 1719.74 1308.59 998.23 768.23 594.80 461.22 367.34 276.60 245.69 196.49 163.35 133.58 126.72 113.63 107.18 104.81

E 3597.16 2887.74 2225.58 1704.18 1308.71 997.71 763.05 592.07 466.95 376.48 301.63 237.05 202.88 152.58 144.67 120.06 102.57 100.21 104.54

F 3530.10 2791.81 2118.98 1689.00 1278.42 986.68 739.97 584.74 455.21 367.15 294.92 239.05 193.45 158.84 128.25 108.03 106.03 101.84 112.48

G 3604.70 2947.70 2154.60 1541.04 1218.93 929.01 718.88 534.56 445.98 350.84 288.92 213.38 180.86 151.66 121.27 111.27 105.39 109.08 110.47

H 3575.50 2695.79 2017.70 1533.05 1136.21 896.08 688.68 533.69 426.10 345.70 273.26 226.44 177.23 155.01 132.34 114.38 101.36 105.74 108.09

I 2678.77 2239.82 1727.74 1314.96 1015.37 805.73 638.24 494.62 407.43 326.22 271.39 201.97 168.96 150.53 131.32 113.83 98.27 99.63 98.94

A 1825.32 1450.25 1153.26 913.10 734.57 593.22 488.66 386.49 326.93 266.73 209.95 171.59 133.74 127.18 107.29 92.08 83.66 81.36 89.20

B 2907.29 1928.19 1402.61 1067.15 826.83 670.88 531.69 420.06 335.04 274.91 210.71 189.02 152.52 126.21 107.09 87.36 88.08 81.96 97.99

C 2678.23 2094.64 1526.98 1167.95 935.23 708.45 553.41 440.05 355.54 287.99 233.96 175.60 142.13 133.36 111.15 98.87 86.87 84.15 87.84

D 2528.03 2060.21 1632.48 1232.58 971.97 730.31 576.46 464.04 368.78 282.12 236.50 192.10 151.29 125.56 109.40 102.53 94.73 87.33 87.10

E 2435.58 2128.80 1647.50 1257.90 943.13 749.73 578.54 458.44 362.04 295.95 237.49 178.08 165.02 128.08 104.01 93.56 91.07 85.23 84.59

F 2520.61 2080.27 1633.47 1260.29 954.17 739.94 586.90 451.16 371.63 292.84 238.29 188.28 158.88 135.64 113.64 92.53 89.51 89.77 84.48

G 2532.15 2069.71 1501.23 1212.93 919.07 734.18 561.55 444.66 357.33 288.64 226.97 178.90 153.15 125.02 113.55 96.46 85.77 83.62 91.56

H 2677.16 1989.35 1486.61 1090.72 867.69 680.78 527.91 423.27 335.44 269.26 225.45 177.69 153.10 113.65 107.88 88.39 85.84 86.56 89.62

I 1836.15 1563.34 1239.84 997.13 788.55 610.09 482.86 387.00 299.30 259.89 207.08 174.46 130.56 121.62 105.37 91.28 85.21 76.52 96.13

A 1454.61 1182.98 904.10 745.09 588.39 471.54 369.83 303.68 248.11 200.83 161.02 138.32 112.09 86.17 83.91 70.53 68.66 102.49 114.80

B 2249.82 1566.33 1159.07 836.06 662.46 505.53 414.73 330.38 254.48 206.19 171.02 141.35 121.45 95.83 80.54 73.61 73.74 87.12 88.16

C 2010.31 1663.54 1242.29 937.27 727.89 567.16 441.76 345.51 277.47 199.09 184.57 154.76 122.91 107.97 91.87 77.74 72.49 81.78 81.99

D 1818.02 1643.85 1297.18 990.68 773.23 604.30 464.26 357.88 289.54 233.26 189.49 155.00 131.47 105.15 94.56 87.04 83.03 71.44 77.94

E 1771.24 1588.41 1293.36 978.44 777.08 608.96 483.16 366.77 297.42 237.14 196.19 152.44 131.44 104.05 88.06 85.41 79.72 70.39 71.77

F 1829.20 1597.71 1256.70 982.66 757.23 604.19 461.29 369.84 302.57 233.99 195.19 154.15 127.65 115.31 98.97 80.03 74.97 78.27 71.54

G 1885.08 1587.41 1182.38 934.83 725.05 563.54 447.76 352.36 293.84 224.92 188.22 151.22 123.47 105.31 92.71 85.89 80.43 72.55 76.17

H 1971.71 1458.59 1076.59 816.92 667.91 520.53 419.69 337.67 275.07 224.86 176.01 152.49 125.56 94.33 84.12 79.45 68.54 72.07 78.25

I 1339.59 1100.70 889.25 732.65 577.03 461.99 374.54 301.86 242.21 212.04 168.69 140.34 112.34 102.78 86.54 74.22 67.80 68.37 65.83

A 1314.60 1009.97 819.84 642.90 520.77 402.91 316.73 255.50 220.77 187.79 148.78 126.00 105.00 90.27 69.82 58.07 62.52 59.88 83.04

B 1883.18 1337.76 976.52 737.62 566.24 446.24 355.81 284.04 226.96 193.02 148.85 132.03 102.65 87.30 81.07 72.27 65.78 64.10 73.62

C 1650.84 1382.39 1047.10 790.85 641.11 497.21 373.44 301.91 243.59 199.66 161.81 136.63 108.44 93.94 78.19 69.08 69.37 65.78 72.80

D 1507.44 1341.08 1055.82 839.38 653.47 519.17 395.34 317.07 257.36 208.32 169.17 138.64 117.84 96.86 81.41 73.52 69.79 66.28 77.60

E 1535.98 1368.71 1091.80 861.97 695.88 522.67 416.06 315.38 261.05 215.28 167.70 134.10 107.80 97.07 82.11 77.01 74.07 71.34 65.47

F 1552.54 1349.26 1101.17 850.10 664.77 539.40 411.23 331.38 263.57 213.13 175.74 144.36 109.74 93.85 83.84 69.46 70.88 64.22 70.89

G 1627.35 1327.87 1034.01 827.42 642.85 522.18 402.54 327.14 250.09 208.30 165.68 139.90 103.72 95.25 87.23 74.46 69.67 71.14 76.20

H 1673.20 1273.85 981.83 742.75 571.16 462.02 377.72 298.62 244.76 202.34 167.07 135.93 110.30 94.58 78.57 70.61 64.19 69.39 75.39

I 1196.75 1011.12 780.62 646.15 522.00 429.67 344.42 269.98 216.99 183.18 157.14 125.33 104.76 84.82 74.06 68.58 60.72 62.29 63.27

A 1186.63 884.13 680.88 541.56 456.32 353.69 260.54 228.93 193.81 158.43 132.13 114.05 96.47 79.84 63.31 67.14 58.05 82.72 88.77

B 1624.51 1172.66 850.10 634.78 499.13 382.68 306.18 253.12 212.55 170.12 132.21 108.62 95.13 77.93 65.28 65.76 58.93 73.49 74.83

C 1426.64 1168.27 906.46 697.06 542.68 427.97 340.35 265.97 216.57 178.79 147.01 120.14 89.59 82.73 72.75 60.12 65.01 65.89 67.00

D 1343.00 1215.29 953.15 729.39 591.80 452.18 359.38 277.98 228.82 182.73 150.88 117.12 97.89 82.37 72.15 64.89 60.20 62.04 62.11

E 1309.28 1136.31 913.98 730.06 598.87 466.30 376.17 285.12 238.21 184.56 148.88 119.49 100.83 88.78 66.42 66.10 62.67 58.76 62.66

F 1347.03 1158.33 932.58 753.32 597.37 455.16 359.15 291.38 222.98 189.61 151.81 130.44 101.61 81.87 74.32 69.90 58.22 60.16 61.79

G 1390.91 1180.48 940.72 709.78 558.76 448.69 355.75 286.57 229.54 185.08 152.74 117.55 96.77 89.69 71.87 68.92 61.34 64.57 64.79

H 1470.84 1129.94 825.16 656.73 523.32 408.11 324.77 276.23 220.01 177.42 147.81 121.16 94.45 87.64 71.43 59.70 56.71 61.44 60.28

I 1029.31 859.73 686.78 563.76 445.70 373.44 298.27 238.97 202.59 159.33 136.57 111.42 94.94 70.98 72.01 60.80 53.20 57.76 56.51

A 999.10 740.17 574.64 489.42 385.37 308.61 252.54 217.04 176.54 142.45 109.64 98.12 88.88 66.86 56.27 52.19 57.79 71.28 93.06

B 1326.16 1002.55 726.23 568.58 430.88 345.38 272.33 221.48 184.44 155.01 120.84 103.51 88.37 69.48 58.25 60.45 57.39 58.39 61.73

C 1214.95 1031.65 782.92 583.41 477.64 388.40 279.04 235.46 201.58 157.99 132.16 104.40 93.03 83.40 72.68 59.10 54.72 55.94 57.71

D 1127.76 1001.89 835.13 640.74 511.80 405.54 311.44 244.41 198.31 154.75 138.10 104.35 93.64 69.78 68.96 59.50 61.70 57.42 55.19

E 1142.65 1055.10 819.53 649.92 509.34 409.83 316.96 256.30 212.43 169.83 132.66 105.97 94.29 80.58 60.44 60.66 53.99 61.05 58.19

F 1159.93 1000.21 814.26 685.82 512.72 403.70 301.70 254.59 197.77 168.89 130.15 97.12 86.18 73.42 60.89 62.86 58.63 53.16 53.22

G 1233.01 1010.37 796.55 633.36 473.95 382.75 310.65 249.30 200.52 161.72 128.01 105.63 88.36 79.43 64.44 60.41 58.78 55.68 58.36

H 1272.60 973.45 725.59 578.67 440.48 358.50 279.48 234.11 185.69 153.08 131.29 101.77 86.61 75.30 64.10 56.51 49.80 54.08 55.86

I 889.18 751.31 603.75 480.16 386.95 314.27 249.73 210.82 162.64 140.04 116.20 93.88 81.79 68.37 60.06 53.46 45.58 44.50 51.41

A 732.57 611.45 483.50 397.13 307.20 267.17 212.44 168.46 143.11 110.55 91.45 86.87 60.31 57.08 53.88 42.42 41.66 44.33 48.68

B 1042.31 812.77 586.39 456.93 359.16 289.56 226.22 177.30 144.72 129.57 98.15 81.98 60.96 59.06 45.84 46.91 46.70 43.82 43.42

C 938.30 807.79 639.02 472.80 404.51 310.06 247.85 187.18 163.07 134.45 93.45 78.21 66.57 57.13 54.48 42.55 41.18 40.71 50.29

D 932.21 784.12 687.95 532.85 426.63 319.17 263.99 202.05 169.99 131.27 102.72 87.97 76.33 62.19 44.93 48.63 49.22 46.77 46.20

E 929.33 818.96 676.86 527.37 424.76 342.61 258.47 201.81 167.96 136.47 111.23 92.34 68.86 64.22 55.24 47.73 41.66 42.75 47.48

F 875.97 833.81 661.51 524.34 388.14 320.49 259.37 204.24 169.25 135.37 96.90 92.53 77.06 62.42 55.80 43.38 41.36 44.00 49.12

G 1003.13 848.12 652.98 494.93 373.00 306.47 242.81 196.96 161.18 124.98 104.75 94.67 67.55 55.13 56.27 49.01 48.05 43.70 49.37

H 1082.05 770.81 589.17 442.92 352.83 282.57 217.71 177.46 148.82 116.28 101.48 84.90 70.98 60.88 53.66 49.47 46.16 47.26 50.04

I 702.50 572.14 460.63 368.87 314.75 239.38 204.51 162.45 137.02 111.61 85.16 77.10 59.68 57.21 47.71 43.72 37.97 42.15 70.71

A 490.10 418.76 337.13 283.56 229.80 178.56 145.23 122.52 100.71 83.09 70.65 59.05 42.78 42.37 30.53 26.46 26.96 26.11 43.03

B 722.82 556.80 413.45 327.70 259.89 193.64 161.06 126.41 99.88 86.18 66.17 61.33 40.52 41.02 38.28 30.62 30.60 28.85 35.71

C 660.42 572.18 468.42 318.81 238.79 213.73 170.35 137.10 107.44 91.36 72.14 56.89 45.74 39.31 36.16 31.49 28.79 29.82 33.97

D 608.54 560.50 452.48 348.23 271.85 208.49 165.65 130.82 109.38 76.09 68.38 56.25 49.85 43.41 34.72 28.73 30.76 31.72 32.82

E 613.26 541.06 450.95 370.90 264.23 231.83 178.80 141.49 110.30 93.01 73.57 56.21 50.72 46.83 39.11 28.78 31.90 32.98 32.38

F 639.96 525.42 434.07 364.90 276.84 204.01 169.85 134.27 115.42 90.70 65.60 50.81 51.75 41.63 34.97 31.16 29.62 27.96 28.99

G 642.55 563.33 421.93 330.74 264.05 199.34 145.40 128.50 96.76 72.42 59.21 61.76 50.35 35.29 38.65 29.71 27.66 33.35 29.53

H 728.03 528.37 382.04 277.18 218.61 178.59 145.37 117.99 97.93 77.74 60.40 45.68 44.64 39.21 34.45 30.63 30.71 26.73 30.37

I 480.32 357.95 286.55 229.48 190.96 158.20 121.67 96.15 90.31 68.59 60.57 49.04 42.15 38.27 28.35 28.21 25.35 26.28 29.54
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of C03 for east orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 3742.49 3101.18 2412.57 1875.71 1433.22 1100.44 870.37 682.03 528.73 434.15 352.97 278.78 244.07 202.43 171.86 142.55 129.45 122.83 131.42

B 5229.82 4160.33 2935.74 2162.33 1611.01 1233.87 946.27 711.09 574.51 466.15 372.96 298.45 229.22 201.99 172.12 144.27 131.81 121.83 129.08

C 5465.14 4442.31 3290.82 2503.05 1855.29 1347.82 1045.67 793.98 612.66 490.68 386.09 316.77 248.32 206.31 176.25 143.39 137.23 135.87 141.99

D 41537.80 40452.20 3505.25 2628.23 1980.67 1479.66 1105.05 866.66 658.88 506.76 407.76 326.38 260.08 223.50 182.83 155.84 138.69 138.45 136.82

E 5659.83 4618.90 3657.80 2785.39 2024.73 1517.54 1179.43 893.02 676.80 527.34 430.14 338.95 273.39 218.60 176.92 160.89 145.37 143.29 136.26

F 5549.53 4721.13 3662.06 2711.52 2007.66 1523.65 1179.22 899.50 661.00 551.73 434.83 348.30 263.60 223.07 193.86 149.22 149.84 141.39 138.38

G 5550.91 40560.50 3525.06 2698.97 2025.18 1525.24 1147.99 883.01 694.92 542.44 431.99 328.45 280.85 211.53 193.48 168.40 146.00 148.46 149.73

H 5492.65 4419.55 3299.40 2511.41 1935.66 1487.16 1130.48 851.19 671.35 546.30 426.15 326.03 274.48 214.62 188.86 166.70 136.08 131.78 160.62

I 4404.06 3830.58 2950.07 2207.07 1737.19 1374.58 1049.48 809.54 635.67 510.79 408.82 322.36 248.63 218.76 177.17 146.79 139.51 130.53 165.86

A 3072.96 2543.52 2006.35 1525.28 1176.78 899.17 717.80 554.08 450.02 355.14 286.78 236.06 182.38 164.53 135.52 116.72 109.71 94.03 99.02

B 4691.09 3311.57 2366.43 1734.37 1339.99 1010.32 785.29 606.60 482.50 383.57 305.14 248.68 193.01 170.81 144.28 127.03 115.40 111.07 108.47

C 4383.10 3576.29 2562.02 1921.33 1444.43 1086.87 817.59 605.22 504.50 408.54 321.71 262.60 210.94 172.40 145.60 123.63 118.99 113.58 111.75

D 4589.25 3612.81 2807.17 2047.24 1552.55 1163.81 861.37 676.48 528.29 417.75 317.86 274.15 219.12 173.15 149.58 126.32 108.98 112.39 106.46

E 4408.76 3565.09 2763.32 2054.75 1542.68 1176.54 870.12 705.08 540.09 437.77 340.91 263.95 219.53 169.44 154.46 135.38 116.09 114.00 117.68

F 4343.63 3408.02 2729.43 2071.53 1555.37 1178.93 905.63 691.11 544.33 439.37 351.19 271.72 222.48 179.90 155.60 135.43 111.57 114.07 102.71

G 4347.66 3489.05 2688.07 1992.22 1541.61 1168.97 890.83 704.42 557.93 438.18 352.33 276.78 217.61 180.54 146.48 137.69 119.65 110.66 116.99

H 4272.37 3345.03 2536.13 1927.67 1400.67 1110.43 870.15 674.47 534.12 431.99 332.76 275.91 206.43 179.57 157.07 133.74 110.88 118.83 133.04

I 3031.81 2741.54 2210.56 1626.58 1312.90 990.28 773.57 627.05 499.85 403.46 321.07 261.63 215.31 180.22 150.08 118.93 117.41 104.44 166.38

A 2159.06 1714.29 1382.37 1044.41 826.09 647.26 520.11 406.15 333.25 271.32 210.39 174.55 149.36 126.81 105.12 96.52 83.38 79.35 101.17

B 3340.09 2235.96 1618.16 1190.69 933.20 726.85 564.42 452.89 351.11 292.45 235.28 181.40 158.34 134.88 105.06 99.35 89.59 84.75 97.01

C 3019.81 2409.54 1815.67 1337.95 1007.83 761.72 616.13 485.31 379.78 307.71 240.76 198.57 167.59 140.21 109.45 94.54 94.55 92.02 96.57

D 2871.02 2377.33 1857.64 1414.24 1057.85 810.51 636.53 484.31 397.60 314.87 243.75 211.02 165.37 142.71 121.68 100.54 98.92 91.57 91.50

E 2838.72 2359.85 1791.07 1400.64 1053.07 832.53 638.74 499.36 395.81 323.02 258.41 208.54 175.87 145.65 119.43 99.70 92.59 93.00 83.47

F 2844.78 2284.52 1784.53 1341.48 1029.66 802.19 642.20 498.49 400.32 319.27 256.38 214.15 173.47 147.26 121.64 105.20 90.26 94.09 99.89

G 2687.02 2208.65 1648.21 1291.39 972.53 784.82 590.47 476.91 379.62 308.26 256.33 196.78 167.67 142.07 115.52 107.27 97.23 88.97 96.11

H 2747.86 2156.14 1506.16 1198.83 911.58 741.45 585.49 451.19 364.08 287.41 236.77 193.98 172.02 124.28 110.33 100.03 91.77 86.57 97.72

I 2081.36 1592.08 1358.61 1013.68 812.78 680.34 543.96 413.49 352.31 267.01 240.92 195.43 154.72 140.05 112.16 91.84 91.44 78.30 102.64

A 1552.26 1231.08 988.81 779.29 604.10 490.34 406.41 318.04 256.34 201.43 172.15 144.15 123.17 103.63 89.08 77.79 72.44 64.59 74.14

B 2447.95 1639.19 1181.92 909.89 717.95 560.07 441.23 351.46 277.85 232.87 189.82 150.31 123.92 111.26 96.23 85.52 73.18 72.06 72.46

C 2159.80 1746.15 1314.42 998.24 771.48 593.57 462.55 368.34 301.21 243.37 195.31 152.63 135.06 112.04 94.34 80.94 75.35 80.12 83.94

D 1936.53 1717.23 1362.34 1028.43 796.33 620.72 490.00 380.48 303.08 250.02 195.21 170.36 132.73 106.74 93.50 84.64 80.19 82.32 84.62

E 1998.27 1642.95 1336.69 1042.32 806.31 598.15 485.83 382.88 303.82 249.66 205.22 165.85 140.30 119.40 100.37 84.51 83.59 78.87 79.35

F 1814.58 1662.25 1260.00 978.65 800.59 598.37 488.97 362.49 301.69 246.18 202.72 167.18 133.96 111.02 100.99 89.52 81.44 78.93 80.55

G 1835.27 1617.95 1226.60 984.36 721.90 581.97 463.82 355.94 294.14 219.26 193.73 160.67 126.14 109.29 97.35 82.52 78.19 77.58 79.64

H 2011.46 1509.31 1110.00 846.42 646.27 533.31 422.40 338.02 274.55 231.33 173.57 154.83 126.17 98.71 97.15 84.62 78.65 77.81 76.28

I 1371.08 1213.60 913.64 751.41 584.85 465.35 395.04 326.92 264.03 217.94 171.18 140.23 116.79 107.51 87.19 80.60 68.43 66.70 78.42

A 1520.84 1164.95 924.20 712.86 580.16 441.26 358.19 287.53 234.55 197.00 166.56 133.11 112.19 96.88 79.45 74.38 68.53 59.72 69.01

B 1992.70 1435.37 1072.00 825.19 636.00 496.14 403.76 324.39 255.06 214.20 174.52 147.80 113.78 94.72 79.01 77.85 66.13 67.83 74.72

C 1764.72 1459.39 1152.71 885.88 693.45 541.89 424.15 337.38 268.48 212.97 179.32 152.37 124.70 101.36 91.69 76.59 72.29 68.95 69.33

D 1638.49 1468.30 1184.73 912.98 715.51 563.93 439.01 354.83 289.51 234.65 189.50 152.09 121.06 105.94 89.29 69.95 76.32 68.42 75.48

E 1622.26 1422.37 1147.82 896.18 690.76 553.35 457.51 340.84 290.77 224.65 190.17 149.85 124.90 101.39 88.40 77.07 67.75 72.41 75.75

F 1607.83 1393.94 1148.13 871.59 687.66 529.83 420.69 348.50 273.29 225.36 171.51 153.67 122.10 101.80 93.48 79.52 78.23 69.10 72.21

G 1587.72 1399.33 1063.37 822.73 655.95 509.16 394.45 324.50 260.02 214.44 180.06 138.75 118.87 97.34 88.44 78.58 75.39 77.24 76.62

H 1632.83 1305.45 934.02 768.59 589.93 463.31 376.24 309.11 248.51 209.64 169.35 141.95 119.73 96.23 86.74 74.92 64.82 63.68 73.73

I 1141.34 1025.47 767.15 642.43 490.83 392.40 330.58 286.01 234.50 198.43 165.16 126.34 109.74 97.56 76.91 70.55 63.97 66.27 69.70

A 1413.96 1003.14 784.64 602.36 482.54 393.31 309.77 253.71 206.05 174.68 143.04 118.55 94.04 87.23 72.22 65.30 54.67 55.48 55.83

B 1699.44 1221.71 904.62 702.15 559.90 445.53 355.43 283.85 226.58 186.34 145.96 122.87 100.81 84.54 74.60 66.15 61.94 63.67 65.20

C 1492.71 1288.55 973.64 747.38 585.89 480.10 373.45 296.17 231.31 194.19 161.18 133.52 104.01 79.11 77.25 69.40 66.17 66.47 67.96

D 1407.15 1267.62 1010.71 815.12 636.04 495.72 373.58 298.28 244.68 195.20 158.83 136.04 107.15 93.39 74.86 65.22 69.09 65.36 66.78

E 1341.97 1230.17 980.43 775.70 614.46 498.76 386.50 307.17 247.77 204.22 164.17 125.20 101.71 90.29 78.85 72.48 60.93 60.42 70.75

F 1313.52 1156.90 951.67 786.65 612.49 475.22 373.36 274.18 234.62 202.50 164.79 125.93 109.62 88.88 79.22 66.47 67.14 66.97 65.92

G 1379.10 1173.71 895.55 736.24 566.85 438.75 348.72 295.38 230.80 193.02 157.35 124.97 104.52 91.00 78.57 72.66 63.70 63.51 63.23

H 1405.54 1098.05 834.62 610.65 510.71 397.46 335.14 254.33 219.26 183.26 143.96 105.15 104.58 85.99 75.32 61.70 65.08 64.76 64.54

I 1007.39 852.32 677.40 558.75 451.97 361.53 306.83 250.91 212.38 174.77 138.90 118.31 93.21 80.91 70.44 69.70 61.36 58.90 75.67

A 1074.04 780.06 620.71 513.93 398.92 336.63 267.91 217.27 170.56 149.20 124.12 101.91 90.13 76.38 60.35 56.26 50.45 50.01 70.97

B 1358.11 1016.01 750.80 574.76 474.03 368.77 303.06 239.17 197.15 161.08 133.00 95.57 87.63 78.40 65.89 61.64 51.90 56.37 55.91

C 1288.56 1063.00 828.12 640.18 518.00 406.46 326.04 267.26 206.25 169.09 137.19 116.04 84.87 83.84 73.07 59.13 58.23 56.55 59.69

D 1201.05 1039.40 859.66 643.32 533.23 429.72 328.38 260.99 208.11 179.57 143.37 117.46 86.43 84.28 63.72 57.46 56.84 55.95 57.39

E 1155.58 1015.97 856.14 686.68 537.73 429.11 343.95 272.98 216.39 171.96 138.42 106.97 98.81 75.00 65.28 59.29 58.74 55.00 54.89

F 1148.81 1037.61 796.93 651.03 513.49 417.71 332.17 266.95 205.00 166.80 139.93 102.55 97.61 74.45 66.04 62.21 57.07 53.22 60.23

G 1156.75 1010.71 818.15 632.11 477.33 397.37 306.32 242.47 207.55 166.81 136.39 113.72 93.36 80.25 61.36 61.71 55.25 55.53 55.45

H 1253.71 931.15 722.90 568.02 460.96 351.65 268.54 234.82 192.82 166.03 128.24 109.72 87.21 69.23 63.04 63.25 49.51 58.04 56.93

I 849.79 737.45 565.75 477.37 395.79 327.43 265.56 224.52 174.89 153.64 116.84 105.79 73.65 72.81 60.61 52.72 45.68 52.78 52.99

A 759.44 585.69 482.61 376.11 309.82 246.85 211.76 165.41 140.83 110.88 94.92 82.05 71.31 57.79 52.24 47.49 45.86 39.10 60.98

B 1065.57 787.25 587.11 455.28 355.22 292.16 236.77 187.39 149.79 126.32 101.36 77.90 71.66 63.60 49.61 48.51 46.18 45.78 52.02

C 995.37 808.89 658.90 499.65 385.58 319.94 252.36 205.23 164.56 138.68 102.97 92.23 73.71 66.45 54.75 44.84 46.51 43.44 43.41

D 937.03 830.84 704.37 548.27 410.48 325.11 268.41 208.52 175.47 143.73 116.90 93.96 70.56 61.36 49.52 50.20 48.10 46.49 47.07

E 910.16 807.14 694.65 542.39 440.09 349.38 277.15 215.82 170.51 139.19 116.78 94.01 83.36 65.89 56.92 52.71 46.30 46.41 47.81

F 908.36 840.07 679.81 536.98 408.99 339.04 272.63 210.43 156.98 145.02 121.59 81.36 75.40 66.70 56.93 49.74 47.30 48.15 48.58

G 964.48 834.65 646.29 501.31 379.28 321.52 244.45 200.17 167.30 135.91 112.32 91.66 73.70 65.53 58.97 51.31 46.68 48.23 52.98

H 1014.41 803.27 603.15 447.47 370.52 303.33 241.68 188.49 162.68 118.36 94.18 88.79 75.62 67.84 52.33 51.71 46.92 43.56 57.66

I 700.80 601.66 470.26 355.05 317.77 265.09 227.78 166.30 143.58 122.91 102.76 87.92 71.68 62.31 56.85 52.09 40.55 40.69 75.18

A 450.94 357.70 282.50 234.90 189.00 159.31 137.43 106.15 93.35 64.82 56.28 52.74 39.32 35.91 31.88 31.52 27.27 43.82 47.57

B 729.08 520.77 373.67 286.62 228.38 176.28 150.89 116.66 93.42 87.47 65.39 56.98 46.49 43.32 30.72 34.57 34.24 37.41 40.54

C 678.41 566.24 451.01 310.21 241.29 203.71 160.35 129.27 104.53 83.72 73.89 55.45 49.78 41.95 35.20 36.26 33.30 32.47 31.44

D 630.31 536.34 467.57 362.21 292.89 224.57 164.94 130.97 117.06 97.11 78.20 60.71 53.22 41.38 32.35 30.19 30.06 29.20 31.36

E 617.33 567.84 488.04 392.85 286.67 229.08 182.48 141.65 113.22 92.83 79.71 52.35 53.16 40.30 37.82 29.35 28.46 31.34 32.98

F 629.56 550.70 455.48 367.33 279.05 231.94 183.49 146.02 124.64 104.47 81.25 59.45 56.43 44.74 38.88 36.42 31.15 28.26 31.61

G 677.82 560.14 480.84 371.51 289.54 234.20 165.18 144.89 102.93 82.10 65.09 60.88 46.39 46.96 32.06 33.18 28.39 32.60 34.72

H 753.02 561.80 442.22 322.28 262.47 217.46 164.83 139.58 105.34 90.80 77.56 58.58 52.88 43.83 39.87 35.28 27.63 33.98 35.50

I 529.96 396.81 354.30 270.94 217.41 188.61 159.84 121.69 100.43 88.66 65.59 58.18 48.82 43.20 32.44 35.33 29.83 31.79 45.33
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H01 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 3184.63 2658.82 2027.84 1557.73 1194.54 925.05 722.09 566.12 446.87 359.41 290.49 237.60 186.02 160.03 132.26 114.28 112.75 101.81 106.15

B 3584.93 2859.12 2214.35 1680.56 1296.86 990.31 760.21 595.38 466.74 372.56 299.04 242.14 195.14 165.61 135.40 126.47 112.25 112.55 112.57

C 3605.14 2972.16 2317.17 1774.03 1352.22 1039.36 789.61 620.02 477.87 382.03 307.05 243.62 205.00 166.03 134.07 127.25 111.18 114.50 117.65

D 3666.37 3065.74 2367.47 1817.06 1381.20 1074.33 816.03 629.99 489.87 387.96 310.70 251.30 205.92 164.55 139.50 130.10 120.89 105.50 119.42

E 3701.61 3071.29 2379.22 1819.38 1398.53 1057.98 817.88 622.38 490.61 389.10 311.21 248.51 205.82 171.81 141.17 129.97 120.41 116.33 110.94

F 3733.56 3067.75 2344.54 1773.80 1362.34 1038.68 795.78 620.25 479.44 382.83 306.00 248.92 202.59 170.74 143.00 119.82 105.18 114.26 107.42

G 16415.30 2909.60 2200.09 1671.58 1289.69 979.40 760.30 594.15 466.88 369.49 298.07 243.93 200.40 165.24 140.72 120.98 111.37 106.48 112.06

H 3770.47 2561.72 1951.59 1518.70 1183.80 918.72 713.72 560.90 441.87 351.37 288.01 233.60 193.41 161.30 136.48 119.38 105.55 106.25 106.71

I 2242.97 2040.40 1631.13 1307.94 1035.96 818.20 650.59 514.85 407.79 330.13 268.21 222.65 183.16 152.72 127.99 118.36 102.19 99.07 114.78

A 3587.48 2978.15 2255.09 1754.43 1352.23 1052.37 820.25 650.19 510.96 410.48 327.11 268.54 224.69 186.89 154.14 140.43 126.85 119.70 120.66

B 4132.05 3292.24 2544.34 1951.34 1503.36 1163.86 891.42 700.75 542.23 432.27 348.12 278.06 232.35 191.37 163.91 144.85 124.61 127.84 130.72

C 4176.17 3450.11 2687.17 2088.97 1589.91 1224.60 941.62 728.74 564.21 444.55 359.22 285.30 238.05 197.09 169.18 136.13 122.09 122.79 127.41

D 4240.60 3522.54 2785.20 2151.08 1653.81 1260.51 961.20 737.35 576.47 455.32 363.07 292.93 237.48 193.62 170.19 150.18 130.79 133.92 137.28

E 4250.96 3547.89 2787.82 2168.14 1661.00 1256.91 965.37 749.24 579.28 453.43 364.09 292.76 238.86 198.43 169.28 150.71 134.73 131.10 122.11

F 4285.64 3552.43 2746.06 2115.08 1624.59 1240.25 946.03 731.49 566.40 450.66 356.49 287.33 239.19 197.16 168.66 148.43 136.81 132.61 122.01

G 4297.56 3425.30 2607.70 2010.18 1538.28 1172.16 906.16 701.45 548.54 434.40 345.21 278.85 230.94 192.13 165.38 141.29 128.32 125.75 134.71

H 27334.40 3095.82 2325.72 1822.42 1412.98 1083.48 841.60 659.53 519.46 413.02 335.07 271.25 223.95 186.46 155.55 138.01 130.19 123.58 131.72

I 2765.16 2479.53 1945.86 1550.95 1217.65 953.34 755.47 598.40 479.34 384.12 312.75 256.84 213.38 177.81 143.82 131.29 122.84 114.12 114.58

A 3856.22 3149.42 2389.85 1840.96 1431.08 1121.55 874.20 691.42 550.01 434.26 358.10 289.69 242.91 199.97 173.28 150.69 137.82 131.63 129.39

B 4615.09 3590.10 2754.66 2112.89 1624.83 1245.91 956.54 753.22 585.03 466.45 365.02 300.35 252.76 203.71 177.73 158.80 140.04 128.74 143.99

C 4688.32 3789.16 2952.75 2276.42 1733.01 1317.17 1018.48 785.30 612.87 482.26 384.41 315.53 257.94 208.05 183.43 161.67 143.72 142.83 136.85

D 4754.83 3893.23 3049.49 2361.01 1794.51 1371.70 1047.69 810.07 621.97 492.80 397.01 320.29 260.07 217.82 181.68 160.98 152.53 146.01 138.29

E 4754.17 3888.99 3093.93 2388.36 1832.96 1381.48 1061.98 814.85 633.17 497.47 403.14 317.04 262.24 218.99 186.69 164.37 146.76 144.12 151.88

F 4777.51 3902.28 3038.15 2367.47 1801.49 1362.31 1043.88 801.14 622.58 489.91 395.94 318.50 258.09 217.53 184.24 162.65 149.84 143.03 140.41

G 4731.29 3816.60 2911.10 2238.74 1712.02 1311.98 999.58 772.56 604.13 477.21 385.37 312.04 255.71 213.83 177.51 154.09 144.35 138.43 142.55

H 4738.70 3491.67 2653.36 2043.40 1575.09 1213.28 927.30 731.00 572.05 454.03 366.77 300.41 246.08 206.40 179.21 156.40 139.94 129.15 133.75

I 3283.16 2827.55 2207.71 1756.78 1381.29 1076.58 838.67 664.24 532.21 423.89 343.97 282.99 234.74 196.63 170.41 151.10 135.08 127.36 159.29

A 3832.08 3177.33 2429.11 1907.69 1485.95 1164.10 913.44 726.22 566.87 459.83 376.71 306.03 239.48 212.05 172.67 157.68 147.59 141.53 157.37

B 5104.28 3832.22 2905.74 2208.51 1695.34 1305.97 1004.93 786.98 616.48 490.18 396.06 323.23 265.63 215.47 190.32 166.48 139.67 144.69 148.38

C 5127.20 4082.74 3138.88 2387.38 1835.05 1401.60 1072.35 825.00 650.86 509.49 409.39 335.96 276.56 230.07 192.74 161.99 159.14 142.14 160.16

D 5183.06 4215.25 3258.66 2510.39 1918.01 1459.92 1112.72 853.71 667.45 523.36 426.02 340.55 281.00 229.43 199.57 175.84 159.14 151.69 155.40

E 5206.08 4230.26 3313.51 2556.86 1953.87 1474.33 1129.21 867.80 676.28 531.56 427.77 342.30 281.72 233.79 201.86 173.32 154.72 155.39 163.60

F 5168.77 4189.12 3269.36 2514.48 1914.21 1451.85 1111.82 863.44 665.43 524.95 421.39 341.99 278.06 231.64 195.83 175.33 152.11 155.74 155.77

G 5135.19 4088.04 3147.16 2386.55 1836.91 1409.98 1074.45 822.63 651.24 510.42 414.88 335.36 277.19 229.72 187.54 171.19 158.87 153.56 163.19

H 5087.81 3825.53 2891.06 2206.97 1697.82 1305.41 1010.20 786.71 622.05 495.04 398.15 326.11 266.88 207.65 191.08 163.84 145.93 140.46 157.57

I 3860.52 3166.97 2441.92 1904.51 1485.85 1166.35 916.68 721.76 572.79 463.50 375.12 310.40 253.70 212.83 181.63 157.36 138.45 138.19 157.84

A 3282.11 2821.42 2203.94 1728.38 1360.00 1063.28 840.52 662.43 528.04 421.82 345.11 282.64 231.31 195.08 167.87 141.06 129.50 130.44 141.88

B 4719.20 3524.21 2654.77 2019.80 1557.32 1205.76 924.09 729.44 566.13 452.38 370.03 301.35 246.27 204.19 177.38 152.36 141.30 132.72 135.36

C 4696.52 3782.70 2897.63 2213.38 1692.49 1291.84 1003.93 770.25 601.25 473.63 383.25 307.36 254.75 205.82 180.88 156.27 139.74 142.18 146.40

D 4729.78 3899.64 3014.36 2329.26 1787.87 1357.39 1036.46 792.79 620.05 493.10 394.44 315.90 262.99 207.30 178.45 162.14 142.78 145.09 139.94

E 4732.85 3906.33 3070.23 2398.34 1812.39 1372.76 1053.11 809.82 633.75 500.16 396.75 320.96 260.95 217.24 186.02 163.45 147.21 145.21 140.55

F 4702.36 3894.81 3046.81 2369.86 1808.18 1370.79 1052.45 812.23 629.46 495.07 395.99 320.29 260.90 213.94 182.46 162.26 150.17 147.20 151.61

G 4642.88 3803.18 2946.32 2277.69 1744.31 1335.86 1016.41 790.27 613.92 484.91 384.98 309.59 256.93 208.00 181.57 154.67 148.10 141.78 135.05

H 4577.72 3568.77 2753.70 2119.27 1613.94 1246.68 959.89 744.93 582.66 466.32 375.51 300.46 246.62 208.57 170.11 154.79 143.82 136.86 146.47

I 3793.77 3132.82 2383.94 1852.95 1438.69 1126.84 881.05 689.78 546.81 440.24 354.22 288.68 231.80 199.88 169.61 145.14 136.99 123.10 130.30

A 2741.75 2438.23 1935.26 1527.16 1212.73 957.39 757.19 600.16 476.92 385.65 312.25 253.57 212.95 174.52 153.12 133.64 122.44 115.97 127.54

B 26860.40 3084.91 2352.30 1808.99 1406.09 1078.11 839.33 653.89 518.89 413.16 331.77 272.42 224.24 186.07 159.28 138.16 128.71 123.01 127.05

C 4274.32 3437.61 2591.29 1995.51 1530.55 1172.86 901.05 697.93 543.20 433.02 346.40 278.64 230.12 186.24 164.06 140.78 132.39 127.93 132.66

D 4266.95 3543.77 2730.13 2103.19 1612.79 1232.14 944.71 728.05 563.71 444.46 356.76 286.39 235.25 192.76 168.53 146.96 126.69 125.48 119.76

E 4245.91 3507.28 2790.74 2162.82 1657.73 1258.10 965.73 734.67 572.84 452.30 358.04 289.15 236.42 199.40 157.58 149.08 135.57 121.56 133.03

F 4204.99 3493.39 2751.37 2157.16 1643.96 1251.65 960.09 735.01 572.30 450.55 362.15 280.92 238.52 196.75 167.76 139.69 135.74 116.86 127.44

G 4181.07 3429.13 2691.19 2061.98 1597.96 1224.02 934.72 722.49 561.37 443.10 356.24 286.78 235.21 190.03 161.25 135.81 128.74 125.52 128.34

H 4099.12 3252.17 2530.61 1942.48 1497.08 1150.76 885.16 688.31 538.66 426.69 346.73 279.97 231.84 184.43 157.42 132.19 129.93 123.13 122.29

I 3528.19 2961.12 2262.75 1744.10 1346.70 1056.50 822.45 645.42 513.64 407.24 325.74 267.00 221.55 185.49 158.88 130.32 119.74 118.85 145.67

A 2238.02 2028.76 1627.40 1298.85 1018.83 803.95 636.94 504.64 403.72 325.98 265.85 218.10 182.60 144.96 129.48 112.31 108.01 102.82 100.30

B 3771.19 2546.16 1941.22 1505.02 1154.80 900.27 698.21 554.02 435.88 348.38 283.51 229.97 191.84 159.56 137.21 122.02 108.23 106.97 114.69

C 15849.40 2918.61 2189.30 1661.03 1269.75 974.31 750.87 587.17 461.13 364.62 295.36 239.54 195.78 161.45 141.90 119.87 113.44 111.13 112.45

D 3730.47 3048.29 2292.68 1762.95 1342.02 1021.38 786.62 608.43 475.70 376.03 300.98 246.06 202.30 162.77 141.26 125.40 107.24 111.72 110.03

E 3677.78 3060.14 2366.05 1817.41 1377.47 1056.85 800.90 616.97 486.71 384.99 306.39 248.59 206.13 172.28 130.43 128.90 107.86 114.68 113.22

F 3632.02 3013.06 2334.28 1800.68 1384.70 1059.21 800.47 623.36 480.10 384.65 306.80 244.67 199.65 171.61 144.30 121.04 119.09 114.00 107.72

G 3587.96 2945.52 2293.14 1766.70 1351.36 1025.49 781.84 610.61 477.97 378.31 302.37 244.68 203.01 168.66 141.16 122.70 106.69 110.00 118.21

H 3556.29 2831.89 2183.05 1680.94 1279.31 982.73 758.50 587.51 468.40 365.82 294.88 236.78 197.29 166.53 134.62 121.56 105.94 106.76 115.93

I 3109.20 2613.46 2015.62 1547.00 1176.27 913.53 720.46 564.86 443.36 345.98 286.15 233.81 193.79 162.21 137.56 120.71 110.86 102.32 120.07

A 1728.46 1546.18 1231.47 987.37 782.50 620.38 489.11 393.65 314.24 255.87 206.77 173.11 141.21 112.90 105.05 88.73 84.61 81.39 80.15

B 2889.10 1924.87 1462.81 1130.18 882.84 684.93 533.16 420.60 334.10 267.72 220.45 177.95 147.82 121.48 103.71 91.55 84.86 84.16 84.12

C 2929.92 2216.36 1650.29 1247.40 953.35 729.81 568.86 442.80 352.15 279.71 225.43 183.73 153.55 127.81 107.51 86.05 80.31 79.77 92.02

D 2894.20 2346.93 1761.51 1331.78 1016.75 769.07 595.44 459.86 362.16 287.79 232.87 189.85 155.49 129.85 109.52 99.25 80.79 80.28 92.50

E 5162.12 2383.56 1806.36 1381.55 1049.94 785.07 613.18 471.18 370.64 295.60 235.28 190.51 157.65 131.15 109.03 92.51 92.31 80.77 85.79

F 2840.80 2386.26 1810.86 1405.56 1056.18 794.28 615.93 470.06 366.50 296.05 235.38 190.78 157.74 129.15 106.24 99.06 87.37 79.78 82.29

G 2816.97 2329.62 1785.74 1358.24 1024.74 789.71 605.47 463.57 367.77 290.99 231.74 188.83 149.87 128.13 104.58 98.13 81.59 86.70 87.30

H 2803.70 2243.11 1714.67 1295.11 990.85 756.28 583.98 453.56 358.46 285.35 229.90 184.42 144.21 126.95 110.63 84.19 89.74 84.81 93.12

I 2492.46 2108.05 1602.05 1230.88 945.24 729.58 560.10 439.10 346.13 278.02 227.46 186.42 151.65 124.46 107.58 91.13 87.61 76.18 81.56

A 1041.94 942.84 748.30 594.44 477.99 376.93 300.95 241.77 192.40 158.32 129.51 105.25 82.92 73.39 65.41 54.50 52.00 52.06 59.45

B 1739.50 1143.73 865.96 667.38 517.78 407.32 318.32 252.38 202.98 161.93 132.32 109.95 89.53 66.13 64.84 56.97 53.67 53.11 53.59

C 1770.61 1311.07 970.68 732.31 561.81 430.94 337.68 261.36 208.78 169.31 136.39 110.97 93.36 79.79 64.17 60.54 55.72 49.10 55.44

D 1767.78 1402.07 1035.11 777.53 590.75 453.98 347.85 274.74 214.40 173.41 140.90 115.23 90.27 79.44 68.10 61.33 56.97 49.36 57.85

E 1756.15 1419.61 1074.62 810.39 609.93 462.35 358.92 275.13 217.30 174.99 143.16 114.49 96.45 67.94 70.30 60.19 57.70 48.12 52.90

F 1750.07 1432.97 1088.65 813.07 619.79 467.62 357.61 277.27 218.72 176.33 141.95 116.26 97.92 70.61 60.12 63.04 57.13 56.36 61.20

G 1746.35 1409.35 1070.56 798.65 610.23 458.62 354.69 275.01 218.33 172.50 141.22 113.19 95.25 72.34 69.77 53.36 56.17 55.83 59.42

H 1759.03 1365.42 1028.71 775.08 587.87 449.25 347.11 270.91 214.21 171.42 138.24 113.04 92.96 74.13 58.91 55.69 51.28 53.44 55.78

I 1543.71 1292.40 986.30 761.77 575.78 443.62 341.86 264.35 215.42 170.82 136.55 108.38 90.50 79.96 63.92 60.06 52.25 47.95 71.27
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H02 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 18488.70 3476.34 2680.36 2140.53 1724.52 1399.09 1140.08 927.92 773.30 641.35 548.56 463.78 394.27 344.24 306.35 275.08 262.91 255.51 269.56

B 17060.40 3563.23 2686.66 2163.84 1750.69 1420.56 1143.37 947.14 780.89 652.22 548.89 463.17 398.97 347.51 307.16 280.34 268.02 268.35 283.79

C 16793.10 3399.45 2769.36 2199.30 1748.57 1427.91 1155.84 953.05 784.24 655.27 549.20 465.31 400.06 345.50 303.38 286.70 271.50 264.26 282.49

D 16739.00 3429.50 2706.31 2192.13 1763.10 1429.84 1159.34 954.72 787.15 655.62 550.29 467.17 403.22 349.56 303.54 286.31 272.92 272.32 274.45

E 16692.60 3386.27 2732.40 2151.64 1759.67 1413.15 1159.07 949.11 782.42 657.02 545.48 468.09 402.98 351.40 314.37 287.47 270.00 264.95 278.69

F 4028.54 3275.12 2622.50 2110.61 1721.72 1388.71 1146.53 941.12 780.14 651.84 550.78 466.86 401.13 341.31 311.69 286.06 271.40 266.14 268.06

G 16671.70 3166.38 2528.22 2024.37 1659.36 1357.76 1112.49 923.86 765.53 645.22 540.51 460.21 395.34 344.12 303.10 282.61 269.99 260.59 281.62

H 4041.22 2904.93 2348.74 1932.04 1578.39 1314.84 1082.99 903.30 753.85 632.00 534.96 457.37 394.12 342.24 300.04 277.98 263.33 261.42 271.11

I 2650.01 2490.41 2139.37 1805.04 1500.01 1259.74 1044.06 881.29 737.33 621.33 530.42 454.55 389.14 341.03 300.91 272.06 253.15 256.53 270.77

A 6505.51 4023.58 3067.72 2479.76 2003.16 1622.00 1323.28 1099.94 903.63 758.19 640.58 544.29 459.96 401.73 359.42 327.49 304.26 304.60 310.24

B 5146.51 4192.56 3244.67 2584.43 2085.71 1683.30 1364.81 1121.45 926.72 772.74 647.77 551.49 470.86 411.08 365.25 329.29 314.07 314.89 322.57

C 4851.51 4014.84 3275.38 2636.62 2116.22 1713.93 1391.55 1133.49 937.44 777.87 649.20 551.16 475.87 415.43 370.11 338.00 315.25 319.22 329.41

D 4781.36 4010.34 3261.18 2665.70 2142.82 1727.61 1403.04 1145.54 942.46 782.44 656.25 556.74 475.22 416.58 364.51 341.38 320.73 308.60 321.73

E 4754.62 3951.58 3225.84 2628.38 2117.28 1722.09 1396.62 1139.42 940.73 780.62 658.06 550.85 477.59 418.27 365.33 339.12 323.86 313.94 318.11

F 4725.45 4030.48 3175.73 2574.45 2085.36 1692.29 1373.90 1125.70 930.82 779.15 648.76 552.15 475.29 414.31 366.68 332.31 315.69 318.50 326.89

G 4716.82 3897.98 3070.93 2475.65 2022.57 1650.52 1351.65 1102.23 921.90 770.40 646.28 545.99 469.69 410.47 365.12 325.85 320.79 314.93 326.46

H 27725.60 3591.62 2899.74 2357.88 1948.82 1591.58 1307.79 1081.31 901.45 753.44 635.15 534.70 463.43 407.86 364.04 333.08 310.94 310.67 324.64

I 3450.99 3124.56 2625.24 2191.22 1810.09 1504.32 1258.62 1043.01 875.12 733.88 619.71 531.46 460.06 396.75 357.00 325.86 307.44 301.55 334.29

A 35888.30 4227.96 3325.10 2675.57 2158.30 1762.32 1450.30 1191.79 988.49 832.00 700.23 594.43 506.51 444.15 398.48 355.74 341.93 334.81 363.57

B 35567.40 4457.06 3507.52 2821.10 2286.78 1841.28 1498.62 1234.69 1021.25 850.96 712.89 600.20 521.07 448.26 403.59 367.44 345.53 343.35 354.77

C 35414.70 4513.08 3587.56 2906.33 2345.20 1887.17 1538.37 1256.29 1034.39 865.21 718.61 606.45 522.31 456.60 402.70 369.94 352.89 346.65 363.16

D 35394.10 4452.12 3646.84 2951.02 2370.00 1923.40 1554.93 1268.48 1042.59 865.79 725.88 608.62 520.15 451.51 405.36 373.98 354.48 347.17 369.53

E 35343.70 4464.56 3633.24 2935.68 2393.92 1918.66 1556.78 1274.42 1044.97 873.49 725.67 612.89 528.70 458.33 408.30 367.94 350.76 351.99 353.41

F 35370.40 4466.75 3589.73 2905.72 2349.58 1899.01 1541.53 1264.61 1043.40 860.19 722.17 612.38 526.67 455.90 405.43 372.25 355.07 349.65 348.79

G 35363.30 4358.36 3498.39 2824.59 2289.08 1863.24 1518.70 1246.56 1027.11 854.79 720.26 609.25 522.67 454.62 406.29 368.86 351.41 348.51 354.70

H 35350.50 4181.45 3321.71 2702.93 2198.14 1793.24 1471.16 1211.63 1006.21 841.97 710.11 601.85 513.26 449.39 393.13 362.06 344.31 342.84 351.73

I 4142.35 3689.39 3083.57 2498.75 2069.75 1707.48 1404.19 1171.86 971.73 818.93 690.18 593.69 510.49 442.56 394.79 357.74 331.87 333.65 360.20

A 37467.80 4302.03 3398.42 2733.05 2231.97 1833.01 1511.27 1247.37 1038.34 874.26 731.13 625.19 537.42 465.52 422.54 380.55 359.26 349.09 373.00

B 38315.80 4609.56 3656.19 2936.97 2367.93 1930.12 1579.94 1295.67 1075.14 894.07 756.32 639.61 546.54 475.43 419.83 385.67 365.96 366.75 377.25

C 38299.30 4745.33 3780.53 3033.56 2465.99 1993.64 1619.34 1326.30 1094.84 907.38 766.45 646.14 554.62 485.87 424.06 393.88 372.67 359.88 373.87

D 38326.00 4814.06 3867.61 3126.15 2511.34 2027.93 1646.56 1341.57 1107.95 918.33 769.16 643.91 548.33 485.14 420.92 391.89 375.63 367.50 380.08

E 38301.90 4847.30 3871.88 3131.18 2523.70 2046.43 1652.07 1353.49 1109.23 921.46 771.48 647.25 560.93 484.04 435.33 397.79 374.39 369.80 381.44

F 38207.30 4787.89 3824.15 3121.59 2499.17 2030.15 1637.99 1343.68 1107.95 916.84 770.55 651.04 559.51 490.65 432.60 395.37 375.39 372.53 383.44

G 38324.00 4763.89 3780.24 3055.81 2452.19 1995.92 1614.67 1327.64 1093.83 910.66 764.81 647.84 555.05 484.95 423.14 392.82 372.61 365.60 378.27

H 38326.10 4630.71 3654.14 2932.77 2373.93 1937.45 1583.55 1304.21 1079.11 899.08 757.29 640.49 549.05 479.68 426.97 389.85 365.90 362.16 377.24

I 37468.20 4262.44 3371.73 2769.59 2249.94 1844.55 1509.60 1251.76 1045.48 874.48 740.92 633.06 544.66 475.23 417.63 380.75 360.85 344.18 367.98

A 4104.50 3587.44 2989.14 2459.58 2042.57 1666.28 1388.88 1151.53 960.58 807.17 681.54 583.56 500.63 434.73 388.96 352.38 325.31 320.13 348.67

B 35085.40 4118.71 3278.14 2671.51 2176.13 1781.37 1457.03 1197.09 995.16 829.14 700.56 587.85 512.79 443.56 389.48 363.19 340.40 335.25 347.07

C 35045.30 4294.79 3461.99 2788.24 2252.59 1833.45 1496.02 1227.80 1015.27 843.31 706.56 600.27 514.65 441.92 400.25 362.59 341.12 335.87 349.18

D 35063.30 4384.73 3558.81 2874.22 2325.97 1888.04 1527.05 1246.21 1026.61 854.28 712.73 604.86 521.33 452.37 395.68 357.38 345.62 336.69 346.96

E 35115.90 4385.01 3595.66 2926.76 2365.35 1896.93 1539.45 1261.05 1034.68 855.80 717.92 605.67 515.60 453.45 389.83 364.24 348.62 342.99 350.46

F 35122.10 4446.11 3588.91 2929.06 2350.82 1902.14 1538.34 1258.01 1032.89 857.14 717.73 605.96 517.72 449.56 402.55 366.84 342.88 331.74 353.14

G 35088.60 4417.36 3571.66 2878.48 2327.33 1878.42 1521.83 1246.42 1023.44 849.71 714.29 604.34 518.40 448.80 401.13 363.51 348.08 342.71 353.59

H 35263.70 4409.84 3481.68 2796.73 2266.76 1824.89 1486.03 1220.04 1012.23 839.40 706.58 591.99 506.22 448.20 399.82 361.92 338.76 334.46 356.70

I 35714.30 4331.46 3268.00 2650.88 2147.30 1734.47 1430.29 1177.22 986.18 823.36 689.56 590.23 507.86 441.61 390.51 356.66 335.48 329.87 368.36

A 3335.19 3083.01 2571.99 2150.54 1782.65 1489.50 1226.33 1028.44 863.35 722.69 606.06 519.81 451.50 397.28 354.23 321.77 294.65 298.65 321.42

B 27247.20 3529.62 2861.06 2342.93 1910.90 1574.08 1291.50 1065.46 889.82 744.94 626.43 535.56 460.07 404.07 353.73 328.60 308.62 307.10 317.39

C 4665.12 3806.20 3011.57 2432.13 1992.36 1621.45 1330.30 1094.02 908.98 757.15 631.61 540.57 464.34 404.81 364.18 332.53 315.92 313.16 327.73

D 4684.23 3924.61 3125.38 2544.67 2051.93 1675.51 1351.46 1122.08 922.37 764.43 633.17 544.61 470.83 402.82 355.80 336.28 316.86 307.40 319.61

E 4681.61 3910.83 3171.21 2577.73 2111.48 1695.64 1381.92 1128.25 933.26 772.39 648.02 548.62 470.46 412.23 365.51 332.37 310.77 315.33 309.76

F 4734.56 4007.40 3243.86 2613.87 2104.96 1707.53 1380.44 1132.87 932.09 770.19 650.67 549.38 474.21 409.74 365.02 334.68 312.64 312.64 319.49

G 4810.20 4053.98 3244.19 2583.06 2089.83 1688.50 1368.37 1124.26 930.27 771.56 646.69 548.66 468.56 407.68 363.42 332.80 311.79 312.90 311.40

H 5077.63 4100.68 3172.23 2546.79 2052.24 1660.85 1354.15 1107.71 914.62 763.28 641.44 542.93 463.08 403.98 363.35 328.87 310.83 308.98 318.88

I 6631.28 3993.03 3072.45 2435.58 1985.62 1610.47 1313.30 1083.49 901.83 747.52 631.65 538.65 460.62 397.64 358.99 320.43 305.37 298.94 309.54

A 2639.47 2466.27 2116.89 1782.92 1479.03 1239.63 1038.62 868.80 731.71 616.63 526.06 452.00 394.28 343.11 304.56 278.66 265.32 258.73 281.22

B 4008.20 2873.00 2306.03 1887.20 1559.60 1293.62 1072.19 895.34 748.60 634.68 538.36 454.15 398.25 347.28 311.73 280.77 266.11 264.96 274.68

C 16084.00 3182.89 2474.29 2004.52 1632.21 1345.34 1104.64 916.17 762.78 643.03 544.06 463.59 402.38 350.48 305.97 284.45 273.42 272.41 287.01

D 3961.27 3268.56 2611.73 2079.86 1700.80 1369.97 1130.17 933.27 772.20 649.54 544.60 463.92 403.11 350.33 314.13 289.64 265.67 274.14 285.36

E 16106.30 3353.12 2679.26 2130.53 1734.31 1394.98 1139.14 939.33 781.18 655.94 550.40 467.49 402.07 347.84 310.45 285.80 277.05 270.96 274.52

F 16134.20 3394.94 2726.75 2177.75 1746.65 1422.79 1156.03 946.04 783.03 651.66 552.46 470.23 404.99 353.55 312.07 289.41 272.24 273.34 281.83

G 16209.10 3409.80 2693.48 2178.67 1739.27 1415.78 1147.07 937.86 786.82 654.70 551.32 467.93 404.31 353.85 303.11 290.04 272.14 270.83 282.07

H 16448.60 3466.47 2670.92 2158.27 1720.95 1398.10 1138.80 935.76 775.12 650.55 549.01 466.08 404.29 348.27 314.34 286.43 269.81 269.45 276.97

I 17939.60 3509.20 2680.50 2114.20 1705.19 1384.86 1130.93 923.58 774.25 645.39 544.07 465.55 398.98 349.17 306.83 285.73 266.50 264.53 283.62

A 1942.27 1834.56 1586.72 1314.91 1108.93 920.30 772.48 647.37 543.38 461.95 389.71 339.89 295.22 255.47 222.50 208.64 198.92 191.88 217.22

B 3002.26 2096.45 1687.91 1393.52 1143.74 943.84 787.61 657.12 550.34 466.60 396.64 341.24 293.09 253.83 225.60 210.36 200.89 197.70 206.85

C 3012.17 2330.98 1821.96 1448.50 1188.73 972.18 806.95 664.57 561.96 472.26 398.71 343.87 296.06 260.97 226.62 209.30 198.59 194.75 203.29

D 3014.08 2460.24 1919.51 1525.36 1231.43 1009.14 821.56 678.08 565.91 475.86 398.40 344.51 297.60 254.15 229.57 214.30 206.06 196.38 204.94

E 5300.90 2496.56 2006.69 1545.23 1253.79 1011.64 836.14 682.46 576.98 481.39 402.41 344.41 299.43 262.75 235.01 208.39 197.23 194.62 209.14

F 3010.80 2539.27 2013.02 1573.77 1274.61 1038.26 844.78 693.32 576.20 483.26 405.87 346.48 295.88 260.91 235.05 214.74 199.76 196.54 207.64

G 5388.96 2576.32 2037.20 1610.35 1280.87 1022.19 846.31 696.78 575.21 485.20 404.85 343.94 299.06 252.76 231.31 205.97 203.31 198.25 214.88

H 5456.20 2599.26 1988.53 1628.02 1300.63 1032.62 842.87 691.30 577.52 481.04 399.46 347.06 294.98 260.06 234.31 210.52 203.03 199.86 215.18

I 5760.66 2625.56 2038.53 1625.26 1308.23 1050.19 846.53 698.02 579.28 487.08 409.16 348.41 297.94 254.40 224.63 209.17 197.50 195.90 210.98

A 1299.37 1255.73 1045.12 877.02 728.63 606.37 504.98 424.32 355.36 304.69 259.12 222.53 191.67 169.58 151.36 136.16 132.93 130.06 143.02

B 1917.54 1388.47 1128.35 907.23 739.60 613.45 504.40 421.84 358.03 300.08 256.05 220.75 190.43 162.54 147.60 138.44 129.11 130.90 143.39

C 1934.79 1538.35 1180.04 948.53 761.02 627.49 514.96 426.02 359.40 302.75 256.61 221.49 191.82 166.04 152.67 134.80 131.55 128.08 141.01

D 1947.42 1621.06 1260.44 992.12 783.93 643.44 525.71 436.41 358.87 303.79 262.38 218.45 181.09 163.82 151.89 140.32 134.47 134.33 139.39

E 1931.85 1653.08 1308.23 1015.97 818.76 653.56 534.23 437.50 365.41 310.00 260.72 221.41 182.73 171.56 154.30 134.65 133.35 126.74 142.59

F 1942.35 1653.16 1295.18 1023.28 811.59 656.14 539.79 444.16 363.84 308.87 261.67 224.99 193.83 158.92 153.22 141.31 134.08 130.76 130.22

G 1986.65 1690.38 1317.39 1045.28 829.75 654.63 531.80 443.03 370.00 306.18 257.54 222.79 191.79 164.61 153.02 140.08 133.72 133.50 140.02

H 2056.84 1698.54 1312.82 1046.50 832.58 661.67 538.61 445.70 365.58 307.31 263.50 224.43 189.13 167.23 150.69 138.29 128.64 132.66 138.85

I 1973.52 1715.64 1343.26 1076.61 842.67 682.89 548.63 451.57 375.01 313.23 265.61 229.71 189.03 167.75 152.76 138.32 128.96 129.14 146.94
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka               Appendix 
 
 

192 
 

 

 

Daylight simulation results of H03 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 2633.00 2163.15 1703.27 1339.11 1046.95 813.17 640.91 503.66 402.08 326.44 260.87 216.68 176.75 147.52 120.29 110.55 98.74 91.32 98.21

B 3076.11 2433.27 1873.58 1441.29 1126.73 880.58 672.04 529.10 417.47 336.08 272.31 219.07 175.97 151.36 127.80 113.89 103.72 105.09 102.51

C 3141.10 2593.67 2006.32 1549.19 1198.02 915.16 706.99 552.50 437.90 350.19 275.56 215.00 186.60 153.38 129.05 111.41 101.94 105.44 111.13

D 3230.08 2690.11 2088.25 1623.75 1230.57 939.51 723.41 560.98 443.67 353.77 280.82 230.14 184.16 155.39 126.74 112.31 97.84 95.98 105.33

E 3316.33 2718.66 2126.15 1621.64 1257.54 954.39 726.26 563.65 438.62 351.16 275.80 225.25 189.55 158.98 130.51 118.56 103.09 105.13 102.62

F 3422.25 2785.73 2074.53 1592.80 1223.29 938.36 708.41 561.25 433.82 346.16 279.56 226.00 188.71 154.57 132.37 115.88 98.23 98.40 108.97

G 16173.00 2704.08 1990.77 1512.97 1166.50 885.33 692.23 538.61 424.40 339.84 269.17 221.56 184.57 152.01 132.79 116.17 106.72 102.75 107.44

H 3645.97 2428.98 1819.56 1399.42 1076.26 826.77 642.11 508.83 405.40 320.05 261.37 213.47 178.14 149.36 119.00 112.92 97.43 99.65 99.86

I 2183.57 1950.09 1525.31 1195.90 945.86 748.89 584.74 469.06 374.00 305.53 246.94 203.37 171.50 142.51 116.72 99.73 93.61 94.06 104.40

A 2979.02 2473.15 1906.52 1493.32 1165.12 904.41 713.59 578.59 458.85 372.02 298.25 246.82 200.57 167.23 145.41 129.15 117.42 107.00 109.84

B 3569.31 2783.44 2167.86 1666.77 1280.85 994.13 771.55 607.85 483.71 388.69 309.42 255.57 207.23 176.81 151.33 134.71 112.08 112.81 122.84

C 3649.85 2954.71 2335.93 1785.59 1365.81 1052.81 820.11 639.77 501.44 401.65 320.59 261.32 207.04 179.75 148.63 133.79 122.94 120.06 128.23

D 3704.81 3081.57 2414.51 1862.90 1435.39 1095.04 842.80 654.19 511.00 409.45 325.04 266.17 209.11 175.03 150.93 137.49 120.16 116.19 119.11

E 3767.51 3142.17 2417.76 1879.62 1434.75 1100.69 850.19 652.66 516.57 407.79 325.01 256.96 219.95 184.16 146.36 126.80 113.65 120.45 119.83

F 3820.27 3193.37 2423.06 1853.25 1411.91 1074.90 836.92 650.78 507.99 404.69 327.07 262.64 215.94 181.46 155.60 137.37 124.56 117.36 118.03

G 3878.40 3094.63 2328.61 1773.82 1358.73 1046.45 803.36 620.99 487.58 395.70 310.90 257.71 212.00 177.06 145.51 131.35 117.74 115.52 122.94

H 27055.40 2827.01 2112.54 1611.48 1253.40 965.78 748.74 593.21 469.63 374.34 303.89 246.10 207.09 171.84 149.66 125.78 111.62 108.30 120.83

I 2607.92 2284.30 1793.96 1403.34 1101.92 858.76 682.81 542.58 431.57 352.79 282.65 233.66 195.58 159.64 134.24 120.50 114.37 101.66 107.39

A 3114.27 2612.02 2024.82 1613.59 1255.01 984.44 774.33 624.84 491.70 401.59 322.91 267.86 216.54 178.85 149.77 134.48 121.87 122.81 139.69

B 3972.76 3065.44 2362.40 1824.90 1398.80 1093.53 858.07 669.27 535.75 421.98 341.10 271.43 230.29 192.40 155.25 136.54 130.80 133.06 123.09

C 4014.00 3254.57 2531.85 1953.35 1500.38 1166.74 913.95 705.08 554.24 447.21 355.07 284.25 234.67 194.23 166.05 148.01 136.57 133.94 133.83

D 4067.95 3332.44 2600.97 2041.50 1558.46 1211.08 917.30 715.26 566.03 454.34 359.01 293.39 243.87 203.20 163.09 151.63 139.09 134.92 143.28

E 4068.98 3396.77 2666.94 2066.03 1590.50 1201.06 938.74 717.97 574.15 451.89 364.42 294.59 240.83 197.63 174.81 142.47 133.46 134.34 136.62

F 4114.34 3385.58 2619.08 2023.42 1556.29 1189.36 925.95 718.91 563.39 441.87 364.04 285.89 237.90 201.57 161.99 152.86 129.53 128.75 134.72

G 4106.25 3349.05 2543.33 1935.96 1492.40 1144.76 888.74 683.59 548.39 437.44 344.35 283.91 236.49 196.89 168.67 141.51 124.92 127.02 136.47

H 4245.23 3095.69 2320.05 1786.50 1369.45 1073.30 825.86 659.00 521.38 417.29 340.01 274.78 225.62 185.15 163.02 143.77 128.93 127.07 124.94

I 2904.29 2494.38 1956.97 1544.63 1204.96 949.24 754.56 602.75 479.80 389.72 316.74 259.22 215.31 181.88 151.01 138.45 125.25 116.31 130.13

A 3233.74 2678.68 2137.97 1671.17 1312.68 1026.42 813.87 643.42 513.93 415.02 337.12 278.02 235.47 189.97 165.99 145.29 127.21 117.35 122.59

B 4372.45 3260.45 2467.14 1908.67 1493.66 1136.55 890.65 697.62 551.53 446.61 357.48 292.05 230.32 198.01 170.00 150.09 138.63 125.31 135.58

C 4371.02 3506.29 2708.44 2061.43 1572.87 1221.25 944.76 738.71 579.20 460.23 374.91 298.21 241.49 207.48 173.81 148.92 142.90 141.13 147.81

D 4367.75 3586.27 2805.34 2164.45 1663.71 1260.86 973.84 760.42 593.33 478.04 386.81 303.37 246.72 209.32 179.65 158.04 138.58 131.88 146.28

E 4403.86 3588.59 2834.15 2178.55 1665.02 1261.04 989.78 767.52 604.83 476.72 382.72 310.35 257.31 211.66 167.89 160.02 144.87 140.50 131.78

F 4403.39 3546.21 2812.23 2141.59 1653.19 1270.37 977.34 761.65 596.89 474.38 381.25 309.86 251.56 210.80 177.30 144.62 138.24 134.97 134.24

G 4368.72 3489.67 2705.43 2062.44 1575.38 1218.43 931.49 737.61 580.89 462.84 371.92 299.62 248.44 198.67 167.71 155.49 143.72 128.82 144.33

H 4395.98 3295.18 2478.38 1914.27 1460.94 1136.68 893.32 695.93 557.23 444.38 362.54 295.34 238.88 201.66 174.63 150.14 122.99 125.01 141.86

I 3233.31 2681.77 2122.89 1658.10 1311.11 1030.38 808.77 644.89 512.81 413.75 339.32 280.78 234.08 196.07 159.02 147.39 129.72 129.28 126.33

A 2887.39 2456.60 1918.31 1514.53 1205.32 954.15 746.73 594.22 474.14 386.25 314.59 249.87 212.86 178.55 153.69 134.72 120.53 117.65 118.54

B 4214.03 3037.65 2305.13 1763.37 1366.90 1058.91 825.63 652.18 514.78 406.80 331.36 270.82 213.55 187.97 156.10 137.57 130.83 124.93 134.38

C 4103.69 3275.01 2535.30 1915.37 1479.95 1123.32 877.40 685.74 543.40 431.30 347.34 279.55 230.87 192.81 154.91 144.47 129.81 125.31 134.40

D 4085.41 3372.95 2611.09 2026.01 1541.62 1181.73 909.66 715.85 552.26 442.07 354.10 285.03 235.94 185.08 167.59 149.28 129.81 119.46 125.08

E 4037.59 3331.69 2646.04 2056.26 1564.45 1197.45 934.01 721.29 564.80 449.69 363.42 288.18 240.71 199.82 168.79 151.39 135.69 122.34 132.42

F 4009.02 3318.05 2612.19 2021.36 1543.07 1188.49 922.50 720.95 567.90 443.26 356.00 291.24 234.38 191.75 148.32 150.73 137.27 129.12 133.26

G 3971.00 3245.88 2510.98 1933.54 1486.85 1148.67 892.41 702.36 545.91 434.51 349.33 279.43 232.53 188.95 166.63 138.25 133.13 128.22 142.10

H 3921.76 3040.95 2345.69 1806.91 1395.08 1082.00 826.01 666.89 525.86 418.63 341.89 276.15 227.76 189.44 152.46 136.84 130.50 126.95 133.59

I 3145.69 2606.11 2039.38 1587.97 1253.26 981.60 777.32 618.08 488.87 393.01 317.83 264.30 216.17 178.42 156.08 138.36 119.81 120.65 139.94

A 2608.21 2248.26 1766.60 1386.54 1077.34 854.25 677.40 529.13 430.79 348.33 285.06 235.69 193.32 161.57 139.19 122.78 112.35 104.67 104.57

B 26591.70 2819.31 2121.80 1596.32 1235.14 954.56 742.99 588.03 464.44 371.49 298.35 248.81 204.38 170.61 144.39 124.54 111.87 110.69 119.01

C 3872.72 3112.53 2314.65 1748.48 1347.63 1027.58 790.83 618.84 487.17 391.13 314.22 255.29 204.73 177.32 150.35 131.17 116.71 115.33 124.45

D 3775.43 3122.06 2388.08 1848.65 1405.65 1079.37 816.47 640.62 502.80 405.68 323.78 262.87 215.24 179.91 155.55 134.17 120.25 116.21 120.50

E 3713.58 3069.53 2433.48 1859.17 1435.11 1085.69 839.35 651.39 511.73 409.51 324.39 263.87 219.60 183.17 148.13 135.92 125.81 111.95 124.89

F 3676.57 3033.27 2387.66 1840.76 1419.79 1072.46 841.39 652.30 511.29 407.95 324.77 259.17 220.55 179.86 155.20 138.00 120.87 122.64 117.92

G 3570.95 2951.29 2298.49 1777.93 1364.42 1046.53 814.78 629.32 499.73 400.78 323.46 259.12 214.42 182.18 152.44 123.36 115.12 112.60 122.73

H 3524.49 2762.20 2138.20 1666.45 1278.50 1002.42 771.32 609.96 489.29 384.57 310.72 254.54 208.86 170.58 144.26 130.69 112.95 113.50 123.78

I 2926.97 2420.91 1907.68 1497.51 1164.14 911.95 715.59 571.16 456.35 368.54 296.94 241.71 200.57 165.84 145.74 127.03 116.24 107.49 112.24

A 2153.29 1923.44 1513.12 1197.59 940.21 732.22 583.36 461.23 371.62 297.13 241.73 203.07 166.06 139.11 120.32 99.55 93.18 86.10 101.98

B 3636.72 2402.81 1792.20 1373.01 1064.16 820.21 635.66 504.67 399.00 318.00 256.83 205.81 167.82 145.45 125.80 110.72 95.88 97.17 95.49

C 15602.90 2705.74 1953.97 1508.41 1132.05 884.42 680.71 525.88 416.14 329.22 266.26 217.15 177.82 151.38 118.28 109.08 101.45 94.26 105.98

D 3395.93 2726.48 2083.70 1572.83 1192.02 926.57 705.77 554.36 431.18 345.82 277.09 223.62 184.09 152.69 131.05 117.20 108.72 104.90 104.02

E 3278.16 2683.98 2098.20 1598.18 1225.97 936.03 717.63 557.46 440.18 347.00 277.43 225.96 185.07 153.12 135.36 118.73 100.41 102.01 98.87

F 3192.60 2636.10 2060.40 1592.08 1227.47 926.33 717.75 550.08 437.04 346.43 278.91 228.79 182.89 156.40 127.04 112.31 103.69 100.67 102.05

G 3138.44 2540.47 1962.74 1535.33 1168.52 903.74 696.24 547.53 432.39 345.09 273.65 223.27 185.61 154.52 128.47 107.74 97.63 101.67 107.11

H 3097.84 2413.26 1849.02 1442.16 1135.33 863.45 668.38 528.60 417.06 332.87 267.31 219.35 175.63 149.33 126.80 115.57 104.24 101.69 107.99

I 2643.80 2128.94 1696.96 1305.38 1035.35 804.09 639.82 504.31 396.77 322.46 259.09 214.00 174.37 138.05 127.78 105.78 95.60 89.37 113.68

A 1692.75 1471.38 1177.72 937.36 731.63 574.10 457.61 363.06 293.36 234.78 193.65 159.51 130.63 107.88 93.41 80.42 76.18 68.43 74.09

B 2839.60 1840.83 1385.52 1062.77 822.46 631.27 495.56 393.27 308.51 248.28 199.53 163.34 132.83 110.34 90.86 84.43 77.79 71.87 78.52

C 2808.26 2085.80 1529.60 1178.66 888.56 674.61 527.27 407.93 325.41 253.27 201.85 165.87 139.58 119.06 98.55 87.90 79.31 77.26 84.36

D 2744.58 2178.65 1634.36 1241.15 941.10 719.50 542.93 426.58 331.53 265.41 209.71 173.06 142.72 106.94 93.60 84.72 79.46 81.92 86.60

E 4948.69 2173.97 1683.02 1278.39 980.60 730.57 561.98 431.81 340.57 273.23 213.21 173.47 143.36 114.72 97.97 81.42 78.24 82.46 76.29

F 2611.74 2137.68 1659.00 1251.86 964.41 724.75 564.73 432.00 324.73 269.38 215.49 173.39 141.07 119.19 102.46 81.47 84.85 83.28 88.03

G 2548.32 2069.24 1603.57 1223.96 946.71 714.85 544.00 425.38 336.99 265.27 211.56 165.85 141.56 114.46 98.12 87.67 78.94 81.18 82.86

H 2498.04 1948.14 1473.01 1171.65 901.65 679.45 520.16 415.07 326.38 259.04 203.46 170.53 138.80 114.52 97.11 83.84 81.34 72.78 85.85

I 2114.15 1794.71 1392.35 1073.74 842.38 642.14 516.89 403.15 316.47 246.76 200.24 167.57 133.91 110.85 94.07 81.66 71.98 76.52 85.15

A 1028.95 891.50 699.57 558.72 443.12 350.43 282.69 222.45 180.98 147.06 118.40 99.84 82.83 71.00 56.55 53.89 44.23 43.76 47.07

B 1720.18 1104.84 820.11 630.16 491.81 379.67 296.59 235.04 183.07 150.71 117.14 98.00 81.91 68.21 61.66 52.42 43.86 48.18 49.51

C 1695.15 1244.24 914.88 690.55 520.68 402.03 311.62 246.06 197.38 156.57 129.52 99.25 86.86 71.50 64.00 55.47 51.12 46.14 52.24

D 1664.74 1294.37 963.57 725.44 543.91 417.74 322.57 256.17 201.85 161.03 130.32 102.94 82.55 74.23 54.49 54.24 46.21 52.06 50.55

E 1639.29 1296.08 989.94 734.41 564.46 422.00 330.87 254.04 203.51 161.92 131.65 100.36 89.36 75.96 55.56 53.48 52.20 44.75 53.23

F 1617.03 1294.41 982.00 736.85 570.32 423.95 324.53 257.51 201.46 159.71 131.03 107.55 87.02 69.45 64.61 56.72 51.91 51.55 54.70

G 1603.60 1255.83 946.00 719.78 550.92 417.57 321.52 253.94 201.24 161.02 126.09 103.86 82.84 67.17 64.15 49.47 52.71 51.91 54.76

H 1602.25 1187.98 908.97 706.55 547.35 409.16 315.85 251.20 190.14 157.37 124.04 100.98 79.68 69.15 58.29 54.74 47.67 46.03 54.96

I 1385.41 1106.88 863.71 669.90 519.85 405.56 311.59 243.98 195.16 153.46 126.47 104.84 78.56 70.71 58.84 48.76 44.36 46.50 49.42
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H04 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1666.59 1464.07 1219.88 1016.19 775.17 626.23 493.98 393.39 311.08 255.34 205.94 168.76 129.02 116.22 91.07 90.33 81.68 72.19 89.17

B 2191.98 1715.91 1339.01 1064.21 851.39 661.33 528.27 406.94 317.29 261.47 212.33 171.96 131.30 112.36 96.29 86.68 84.74 81.10 83.67

C 2268.39 1884.06 1450.49 1133.51 861.87 687.35 534.30 399.92 337.16 264.83 214.19 175.10 145.10 122.60 100.90 84.96 83.50 83.45 82.12

D 2280.58 2005.26 1494.25 1193.13 936.87 695.73 553.22 428.38 334.96 269.82 218.38 178.30 143.46 118.97 104.33 86.08 85.29 75.08 79.88

E 2416.28 2052.41 1606.66 1220.68 945.36 712.85 534.93 421.63 340.04 271.99 218.73 168.82 138.17 121.69 104.62 82.48 83.29 82.04 85.10

F 2619.43 2138.08 1602.11 1217.91 923.63 701.74 545.07 422.70 329.47 264.19 215.86 173.93 144.07 117.14 102.37 85.31 83.78 80.69 72.90

G 15529.00 2189.79 1578.71 1187.94 893.80 678.72 525.32 407.00 321.47 260.51 198.35 165.26 133.38 119.16 99.97 88.74 75.30 74.91 75.49

H 3276.50 2015.38 1418.36 1090.06 825.92 641.03 489.58 384.76 307.95 243.30 201.24 155.54 137.23 107.37 96.29 81.50 75.81 70.28 80.99

I 1956.64 1581.03 1206.87 932.54 735.59 580.79 448.88 363.33 283.75 235.40 191.24 154.31 131.12 103.54 91.04 80.84 68.94 66.11 89.45

A 1944.64 1619.18 1336.24 1039.16 839.68 661.92 532.47 410.94 338.01 277.28 218.41 169.02 157.74 128.22 103.25 84.29 88.13 81.95 115.46

B 2562.07 1953.29 1542.38 1130.89 903.41 722.42 553.67 446.48 353.73 281.43 232.01 185.41 155.51 126.73 112.51 97.99 94.60 84.32 88.22

C 2474.45 2118.04 1646.74 1235.82 942.59 747.80 572.80 457.52 364.63 284.20 238.08 183.92 155.28 120.01 113.37 95.87 96.60 87.35 94.78

D 2645.50 2186.21 1675.62 1272.95 996.81 760.82 572.13 459.82 369.47 296.24 235.70 198.11 158.12 127.82 109.25 94.80 86.83 84.94 89.52

E 2681.72 2171.42 1731.57 1335.26 996.31 771.17 598.16 466.15 369.69 298.41 235.98 196.52 164.56 136.76 110.05 96.45 92.73 89.28 87.40

F 2711.96 2321.09 1766.60 1312.47 997.51 766.78 588.37 457.79 362.89 291.53 224.60 183.96 162.42 131.27 116.68 98.18 95.27 91.73 85.56

G 3013.17 2352.72 1706.44 1272.46 967.06 741.48 572.46 446.67 362.02 283.10 229.55 186.46 157.87 132.74 111.79 91.56 92.66 81.80 91.75

H 26445.00 2216.27 1561.45 1155.64 904.93 701.14 543.09 429.29 340.41 275.00 226.91 185.22 143.41 118.79 102.98 96.81 87.97 85.35 83.52

I 2168.63 1737.14 1315.12 1007.81 780.83 626.02 500.55 391.79 314.04 259.29 211.50 172.82 146.92 124.61 105.49 86.38 76.60 80.00 80.49

A 2066.00 1762.00 1378.11 1090.50 875.34 697.26 559.64 436.74 325.57 289.22 234.93 197.29 161.29 131.81 117.99 91.77 94.13 90.64 105.71

B 2855.83 2130.20 1594.91 1268.21 960.56 752.49 597.67 472.80 375.83 306.07 248.74 205.82 166.71 135.98 116.86 103.21 93.64 98.30 104.71

C 2844.00 2301.39 1749.55 1333.66 1022.17 793.59 623.46 496.84 390.80 313.14 259.19 205.82 173.90 140.63 124.93 98.10 99.83 101.06 98.94

D 2801.49 2338.32 1790.27 1385.79 1087.84 814.53 640.91 498.04 391.14 319.29 258.87 204.70 172.69 127.10 118.76 106.77 93.74 97.70 96.32

E 2823.36 2379.66 1874.83 1430.07 1080.12 829.05 640.41 498.82 400.80 311.07 254.74 210.18 169.81 133.44 125.68 113.23 91.54 93.95 98.39

F 3018.23 2398.95 1833.77 1411.03 1064.57 817.18 640.89 502.03 396.45 314.25 260.16 205.17 170.35 136.61 117.97 112.61 104.34 101.83 97.22

G 3100.74 2455.80 1807.84 1336.47 1023.95 761.39 632.68 489.62 391.93 302.96 250.59 204.18 169.69 138.73 116.24 111.11 97.26 91.80 100.31

H 3346.59 2269.43 1628.45 1240.57 959.82 729.58 556.27 461.21 363.26 295.55 241.95 184.83 158.05 131.80 115.38 96.07 90.51 92.09 103.89

I 2203.57 1753.32 1351.43 1074.77 830.59 665.12 529.48 431.03 348.21 280.58 226.03 188.81 157.78 127.62 115.38 101.83 94.10 87.18 91.41

A 2189.97 1783.98 1460.55 1146.27 895.86 706.92 565.11 456.07 345.41 294.84 238.41 201.77 168.92 140.86 113.07 100.71 95.34 93.89 98.40

B 3249.78 2324.29 1693.71 1291.75 972.14 771.64 605.92 466.95 380.42 295.95 250.51 203.09 165.86 143.37 119.74 111.91 94.31 104.74 111.48

C 2984.51 2459.01 1846.17 1406.29 1071.66 804.86 638.46 512.84 397.31 322.16 247.17 195.39 178.84 132.92 126.91 100.42 104.10 94.88 104.57

D 3059.14 2474.72 1866.61 1457.51 1117.90 850.84 661.96 515.83 409.70 329.50 265.55 184.85 177.56 141.74 132.25 118.57 97.03 100.27 106.86

E 2947.45 2495.65 1962.71 1458.12 1136.02 850.87 656.24 523.87 414.69 337.37 257.00 217.62 175.36 155.61 114.32 113.00 94.62 94.46 104.82

F 3013.53 2453.88 1926.94 1455.07 1107.04 864.92 665.56 514.62 413.95 331.88 256.45 217.12 180.02 139.91 117.20 104.09 108.34 100.99 110.13

G 3150.46 2519.08 1869.95 1365.81 1087.15 813.40 656.60 494.42 377.96 308.74 248.69 213.74 173.31 140.29 125.02 113.78 97.09 104.89 106.39

H 3158.59 2325.52 1730.14 1304.96 1000.33 766.96 620.54 496.59 382.03 316.22 252.36 209.11 173.45 140.02 124.83 110.89 103.01 91.63 111.15

I 2181.53 1815.79 1427.61 1138.17 905.02 723.52 573.67 449.92 360.36 296.33 244.04 199.54 163.62 124.09 118.85 111.01 92.57 97.96 108.82

A 2181.13 1750.05 1363.78 1063.11 842.81 656.05 529.30 421.30 335.01 280.73 229.87 188.70 153.88 125.08 108.70 100.70 87.47 81.91 87.75

B 3345.87 2333.64 1598.96 1220.57 906.91 719.40 568.39 455.89 368.02 294.62 234.07 196.04 160.81 134.44 115.27 95.86 91.08 88.87 96.92

C 3041.00 2399.84 1781.93 1339.88 1005.19 779.16 620.82 475.73 375.74 307.91 246.37 204.81 168.36 143.05 123.65 95.84 92.26 89.22 96.49

D 2809.56 2342.22 1793.92 1379.53 1049.35 812.47 623.55 491.51 387.82 315.82 254.22 207.87 174.23 145.47 115.36 98.94 100.63 98.54 87.59

E 2885.70 2365.24 1872.14 1388.72 1081.17 811.94 625.50 501.47 398.33 317.93 250.63 202.22 174.39 126.16 122.03 112.24 99.31 90.29 85.33

F 2805.91 2353.88 1839.01 1384.38 1071.80 818.46 647.99 501.97 389.40 312.99 256.05 208.54 169.66 143.01 114.59 97.61 100.71 91.54 101.67

G 2738.32 2338.69 1751.56 1315.59 1027.64 754.47 613.04 493.78 379.73 311.42 250.84 203.86 165.97 131.57 123.03 101.86 101.09 92.57 105.94

H 2826.73 2191.90 1622.52 1231.42 963.63 735.97 588.62 463.03 363.69 297.39 236.55 203.46 155.97 134.20 117.35 108.40 97.72 86.26 98.03

I 2059.44 1753.14 1372.78 1096.05 869.88 692.30 531.11 445.63 357.73 289.55 233.50 189.30 147.40 126.53 112.28 98.56 91.60 84.26 89.13

A 2165.88 1728.51 1267.02 999.08 773.71 606.88 499.17 396.21 311.84 257.31 211.44 172.21 144.47 113.90 105.30 95.85 79.75 80.41 85.75

B 25949.60 2238.53 1536.76 1167.04 880.52 674.56 540.27 417.67 336.14 270.00 221.18 180.43 153.48 125.34 104.09 95.95 85.73 82.64 88.27

C 3036.94 2389.26 1688.10 1272.61 965.74 733.44 569.99 449.02 356.68 283.19 233.64 190.08 157.82 132.51 112.38 98.83 93.04 90.96 82.36

D 2738.89 2287.33 1710.26 1298.84 997.70 760.05 590.66 458.51 355.00 280.37 235.91 185.37 154.88 125.07 115.64 104.49 96.38 85.62 91.20

E 2707.22 2207.11 1747.69 1315.36 1021.17 760.32 592.04 472.82 363.78 291.57 238.39 189.11 168.07 125.81 122.44 92.35 94.54 92.13 89.56

F 2612.36 2165.12 1650.32 1282.48 972.98 766.67 602.80 463.53 363.40 296.95 243.28 197.76 160.32 127.70 106.53 92.98 86.32 89.84 91.22

G 2547.43 2122.30 1629.13 1263.19 923.32 750.85 573.51 456.63 367.89 297.84 239.82 192.05 161.44 125.13 103.01 101.90 94.51 85.69 90.93

H 2589.04 1944.37 1498.35 1162.33 905.02 708.12 539.29 441.73 352.30 283.02 218.81 185.20 152.97 127.30 112.52 93.37 91.24 80.44 94.70

I 1903.51 1656.51 1348.00 1068.68 837.69 677.24 537.15 426.86 333.66 269.18 222.80 182.30 156.18 123.41 102.98 97.29 78.89 81.12 98.42

A 1932.38 1576.89 1198.32 939.94 729.29 572.36 451.36 359.94 283.23 232.69 189.06 158.68 126.94 109.48 95.18 82.30 74.19 72.93 90.02

B 3244.94 1975.58 1406.55 1062.14 817.00 635.59 490.94 390.44 303.14 246.82 196.03 161.37 125.03 117.03 96.69 85.40 78.95 78.46 79.86

C 14973.50 2201.82 1571.17 1168.95 882.58 667.61 504.92 406.83 325.98 256.57 207.60 169.72 141.41 115.77 88.13 78.33 79.74 75.73 80.31

D 2611.00 2170.89 1631.09 1227.14 909.57 701.99 542.01 415.62 315.12 265.21 213.58 164.47 139.17 110.05 101.70 81.70 80.11 83.19 83.39

E 2441.68 2027.59 1613.55 1202.89 921.06 700.04 546.16 406.00 333.94 258.86 215.28 173.56 138.33 124.84 106.64 93.19 88.03 82.34 75.68

F 2233.31 1990.68 1490.68 1155.01 927.61 693.05 517.20 425.73 330.62 267.01 209.90 173.47 141.79 120.99 99.13 88.53 77.17 81.17 82.86

G 2217.30 1858.71 1468.15 1117.57 872.02 686.11 534.27 421.10 326.17 264.72 212.25 165.28 133.30 121.62 95.18 89.66 79.24 78.92 92.63

H 2131.77 1719.33 1341.10 1036.15 827.84 651.99 521.49 405.23 314.53 248.10 212.17 168.61 143.92 119.60 100.66 86.06 82.50 76.71 85.88

I 1631.07 1442.31 1225.33 979.18 786.74 621.61 494.34 392.74 303.52 242.01 204.81 166.67 127.88 118.07 94.61 81.10 79.72 75.23 77.94

A 1557.33 1295.67 976.23 789.52 619.91 484.20 384.48 300.58 243.07 196.05 156.83 132.99 107.68 91.81 81.01 66.40 60.76 57.55 65.75

B 2579.82 1585.45 1190.03 897.18 692.35 537.69 409.61 328.36 254.28 205.35 168.20 132.21 112.69 94.14 80.69 71.00 63.84 63.78 64.71

C 2322.84 1755.70 1318.91 991.95 745.15 564.42 443.88 337.67 267.01 216.53 166.60 137.85 116.87 90.26 78.11 70.26 62.53 66.91 64.32

D 2121.70 1755.18 1352.75 1026.29 784.23 577.75 458.00 355.50 268.55 217.37 174.18 140.99 117.96 90.57 83.45 71.22 69.25 60.57 61.99

E 4255.93 1707.52 1338.80 1059.58 806.12 602.24 470.41 366.16 287.70 221.03 179.84 145.29 119.65 93.03 81.59 68.88 68.76 61.46 66.05

F 1882.18 1618.70 1347.29 996.49 796.63 604.69 465.99 359.13 279.72 222.29 181.76 142.68 118.45 100.15 80.01 75.79 66.29 68.38 66.52

G 1755.11 1602.20 1289.81 991.60 760.00 589.77 457.91 341.15 275.35 221.46 179.69 143.03 114.61 96.58 76.36 70.22 62.63 64.94 73.57

H 1766.56 1508.78 1160.90 921.07 721.32 562.55 439.20 345.07 270.88 213.29 162.23 137.84 116.26 93.71 83.98 64.26 65.92 58.71 64.44

I 1372.53 1334.19 1081.02 873.26 701.46 532.59 427.38 330.39 256.55 213.40 173.24 139.56 111.87 91.36 78.22 73.63 62.88 58.85 63.95

A 1027.48 841.40 668.41 526.35 407.29 321.88 257.83 204.93 163.85 134.08 108.60 82.60 70.16 60.12 55.83 49.86 45.30 38.63 52.26

B 1625.15 1042.69 781.86 592.69 455.80 342.44 273.54 218.90 167.81 137.91 113.39 90.38 72.68 60.02 50.29 48.76 41.45 44.11 46.22

C 1494.69 1168.36 854.02 627.86 494.84 382.91 294.40 224.76 180.71 140.94 114.95 89.52 79.46 66.84 54.74 49.74 46.94 41.85 48.25

D 1385.04 1149.12 906.04 664.56 510.64 397.02 302.93 233.53 175.86 145.25 119.25 97.64 78.89 66.38 49.92 52.76 44.39 41.53 47.35

E 1282.39 1138.59 908.90 699.81 529.44 382.99 310.05 237.12 185.54 147.37 118.43 96.20 80.91 62.27 50.75 50.16 43.38 42.12 44.52

F 1260.69 1117.71 847.04 685.96 503.17 397.23 302.40 234.64 186.14 147.77 118.58 97.52 79.75 69.68 56.79 52.07 43.05 47.87 49.71

G 1211.17 1044.13 838.71 651.08 521.49 371.33 294.79 232.43 184.25 146.16 118.29 95.86 79.99 60.28 48.98 49.83 42.32 42.50 48.83

H 1208.25 987.66 792.25 644.56 492.26 385.88 279.46 223.32 185.76 143.13 110.81 86.77 68.09 62.11 55.41 49.00 46.53 40.41 48.94

I 873.14 857.99 708.36 597.03 463.81 357.93 270.60 223.54 176.39 141.33 114.55 90.60 75.79 64.32 57.21 46.38 42.72 42.69 47.42
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H05 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 981.07 872.87 738.99 575.83 469.05 367.04 290.58 225.87 179.70 142.73 111.73 93.73 78.08 62.02 53.55 46.04 41.86 38.03 43.25

B 1370.13 1126.44 870.46 680.01 513.05 406.14 313.78 245.69 187.05 150.30 120.47 94.88 80.49 65.53 56.27 47.09 43.01 41.88 44.07

C 1300.14 1235.01 984.72 764.04 576.19 439.37 341.26 254.52 197.24 157.01 126.14 101.47 82.04 67.95 57.87 48.40 45.28 43.60 44.28

D 1347.11 1327.66 1074.96 828.47 619.47 466.73 353.00 269.54 206.06 156.34 127.06 102.15 84.42 66.78 57.32 51.99 44.81 45.45 40.95

E 1524.82 1421.04 1137.52 861.19 637.97 475.71 356.77 271.53 201.07 163.37 129.14 102.41 83.28 69.27 58.60 50.05 45.97 41.17 43.47

F 1735.04 1556.86 1171.87 884.97 643.04 481.58 357.81 279.50 206.58 161.63 127.60 101.37 80.70 67.73 56.14 50.39 45.64 41.64 43.70

G 14736.90 1611.71 1168.65 865.33 630.66 464.57 350.83 267.56 203.23 156.75 125.19 97.60 81.43 66.94 55.29 49.34 44.85 42.19 41.73

H 2574.34 1526.68 1079.66 792.30 585.90 437.37 320.80 252.77 187.49 148.96 118.83 97.52 77.64 65.09 53.99 47.02 42.62 41.40 41.86

I 1509.91 1200.58 886.02 668.89 509.75 383.77 291.68 227.19 175.16 136.64 109.55 91.76 74.04 60.77 53.39 46.02 40.45 36.82 37.07

A 1102.58 962.79 782.06 624.44 493.31 381.41 291.52 237.09 186.39 149.22 117.22 99.49 80.88 68.43 56.37 50.69 42.95 40.96 42.44

B 1498.60 1246.24 953.94 713.63 548.08 424.41 322.48 254.41 197.72 159.67 125.23 98.75 83.02 68.72 60.22 51.55 46.16 44.93 45.53

C 1407.06 1323.94 1036.19 828.46 614.12 454.60 348.77 263.64 206.14 163.94 127.84 105.45 86.75 69.25 60.40 52.58 47.76 47.10 45.59

D 1432.77 1336.60 1108.91 866.55 656.71 487.19 373.33 287.38 209.55 168.13 134.30 103.04 84.65 71.85 61.76 54.47 49.64 44.89 45.31

E 1484.06 1386.51 1150.46 899.05 678.79 497.07 374.66 281.93 213.99 170.36 128.46 107.77 89.37 73.10 59.72 54.94 47.90 43.60 47.45

F 1628.32 1525.42 1193.66 910.14 678.47 509.80 377.00 279.55 215.60 168.75 135.06 106.98 85.94 72.72 61.31 53.93 48.65 45.22 44.05

G 1944.78 1635.35 1202.20 883.09 653.49 492.42 364.25 277.15 213.05 162.47 126.86 105.27 85.48 70.71 60.79 51.47 47.56 46.02 42.54

H 25539.30 1572.45 1094.88 813.72 598.71 452.86 337.74 263.18 196.66 158.64 126.19 102.72 82.97 69.00 58.38 49.37 43.06 41.25 43.81

I 1554.44 1203.63 909.93 690.25 532.94 402.30 306.63 238.98 185.97 147.98 115.43 92.32 79.01 64.62 51.97 46.85 41.00 40.27 42.34

A 1179.52 1009.36 803.94 633.34 506.53 391.49 302.07 240.59 189.27 147.58 117.87 99.19 80.77 68.41 57.34 48.40 44.05 41.42 50.51

B 1685.18 1284.22 962.66 739.90 562.18 434.78 329.67 260.51 203.42 157.75 128.92 102.97 84.09 67.92 53.80 49.14 46.63 43.63 48.38

C 1511.90 1348.99 1093.53 818.26 623.39 470.12 363.64 266.39 213.46 167.47 132.04 104.83 89.22 72.57 59.66 52.21 47.65 46.40 45.52

D 1475.54 1412.68 1119.10 862.03 656.56 492.07 365.14 278.62 215.23 173.60 137.85 110.65 87.30 73.29 61.51 53.39 49.27 44.02 46.05

E 1527.36 1394.36 1138.63 894.12 672.12 491.25 373.02 284.04 221.83 172.42 135.48 108.08 91.44 74.97 60.97 55.48 48.14 44.80 46.15

F 1610.28 1479.10 1157.99 903.31 673.37 500.40 377.48 284.98 219.77 171.51 138.13 109.08 90.13 72.91 61.21 54.34 48.87 45.46 43.82

G 1735.70 1557.49 1170.08 862.16 635.45 486.57 362.90 273.58 214.86 167.46 131.17 106.11 87.57 70.74 60.16 54.27 48.64 42.64 46.76

H 2216.43 1510.52 1067.88 790.77 594.45 452.00 335.38 260.78 206.76 159.38 129.60 103.51 85.79 70.66 58.11 51.96 45.99 43.51 45.59

I 1407.90 1113.30 873.64 680.16 514.04 395.33 306.91 241.30 184.43 149.68 121.73 98.62 80.60 66.95 58.18 46.23 45.60 42.21 45.45

A 1231.29 1038.55 823.36 643.44 505.36 388.54 302.40 238.49 184.70 148.95 119.02 95.22 78.64 66.41 57.37 51.63 45.12 43.50 51.63

B 1940.41 1399.72 1023.75 761.30 562.77 436.64 330.96 259.04 200.06 158.65 121.86 104.62 82.96 73.01 59.38 54.12 47.52 45.10 49.59

C 1576.65 1420.89 1111.23 838.85 624.97 481.25 359.22 271.44 216.19 165.99 133.01 105.44 86.19 72.83 60.14 53.96 48.45 48.11 44.53

D 1483.06 1421.27 1143.05 889.05 659.49 498.56 383.52 283.21 215.47 170.52 138.78 108.44 88.12 72.95 63.63 52.77 51.99 49.68 44.93

E 1490.32 1374.35 1140.08 891.68 681.47 506.95 361.35 284.17 221.35 173.41 135.32 109.27 88.41 75.01 61.03 56.03 48.87 47.92 46.48

F 1527.76 1416.34 1151.91 888.85 654.56 502.75 375.71 286.18 214.52 169.91 138.47 110.19 85.26 71.25 61.81 53.65 48.67 44.57 48.35

G 1602.11 1445.15 1108.57 823.67 636.08 476.88 361.28 274.49 206.71 165.47 131.78 106.46 87.80 73.63 60.90 52.79 49.29 47.96 47.27

H 1931.32 1431.26 1029.77 765.79 580.41 437.09 326.90 258.77 199.44 158.93 127.68 101.21 84.43 67.62 61.53 52.32 48.43 44.88 45.32

I 1213.13 1032.35 840.96 652.60 511.77 397.01 302.69 232.61 189.62 148.77 119.33 99.59 82.07 65.23 54.25 52.05 48.16 41.94 48.91

A 1401.58 1115.75 848.86 668.16 516.80 395.79 307.47 237.42 186.78 148.51 119.84 96.71 80.89 67.38 57.41 50.74 45.88 41.20 45.93

B 2219.89 1496.21 1048.44 778.05 581.04 444.08 341.01 260.88 203.49 159.93 125.86 102.28 80.08 67.20 58.77 51.76 44.27 44.52 45.35

C 1752.81 1517.96 1140.10 849.85 632.02 475.39 369.86 276.09 216.63 166.86 127.10 105.58 87.35 72.67 61.37 53.97 48.47 45.96 47.50

D 1531.67 1444.33 1152.09 889.84 656.76 495.95 371.34 282.39 218.40 171.26 134.00 109.21 88.84 70.46 62.55 54.92 50.54 46.32 48.68

E 1490.01 1396.13 1124.03 889.61 668.87 503.89 376.51 285.31 219.22 171.52 137.26 108.54 91.43 73.90 63.56 54.73 50.10 45.94 45.52

F 1493.18 1385.03 1118.24 863.34 657.83 479.34 374.16 277.57 213.52 169.22 134.46 107.90 89.85 73.30 63.77 53.79 48.31 46.99 48.65

G 1521.16 1366.24 1087.55 815.58 624.30 454.72 351.40 270.42 212.05 169.04 130.48 106.68 88.81 74.13 62.57 53.37 45.40 48.24 44.38

H 1682.60 1311.93 998.88 741.95 579.32 433.07 330.82 257.53 201.35 159.45 130.20 103.66 82.68 71.30 61.01 52.81 47.59 48.16 46.14

I 1168.49 1000.81 806.27 640.79 502.44 371.72 304.26 242.11 187.91 149.08 124.67 100.77 81.08 67.83 56.63 51.13 46.15 42.18 46.77

A 1541.21 1186.90 892.10 679.96 514.70 399.60 305.24 231.80 181.89 142.11 112.56 94.67 78.33 63.62 54.34 48.58 42.38 39.77 44.22

B 25068.40 1600.56 1083.05 797.81 582.68 452.26 340.37 259.36 198.56 156.10 123.78 96.66 79.67 67.05 54.31 49.01 43.14 40.71 45.26

C 1917.07 1631.38 1168.00 851.34 648.22 481.85 355.13 277.31 204.86 163.09 126.66 103.90 83.83 69.36 57.66 51.74 47.06 41.06 45.49

D 1605.79 1515.53 1175.36 896.67 664.16 499.97 371.77 288.64 213.24 166.78 130.67 105.32 80.10 70.72 60.84 51.52 45.30 45.78 42.54

E 1461.80 1393.76 1133.32 898.54 660.45 501.45 372.27 279.48 220.72 169.19 133.51 103.17 85.99 69.22 57.65 53.65 44.72 44.70 42.14

F 1423.76 1341.94 1085.90 850.47 646.25 491.02 356.26 278.90 213.54 165.27 132.41 105.95 82.53 67.59 56.82 50.99 48.09 44.39 44.32

G 1441.84 1300.17 1030.49 801.45 608.47 458.80 351.56 263.89 200.32 160.27 128.20 101.34 83.79 67.83 57.26 50.44 46.13 45.20 47.27

H 1493.70 1222.78 936.65 729.66 548.96 420.23 326.04 255.60 191.82 156.14 126.84 99.99 76.77 65.99 57.89 47.91 45.66 43.08 45.53

I 1087.09 926.38 764.25 609.74 486.96 377.58 300.20 233.67 183.65 146.47 114.98 97.22 76.35 64.49 54.80 47.25 43.91 42.40 49.59

A 1508.21 1190.70 866.32 663.72 510.05 387.95 296.59 227.46 173.80 136.45 111.89 89.50 73.30 60.58 51.48 44.87 41.80 38.37 36.88

B 2601.59 1546.15 1076.20 778.11 583.69 436.33 329.53 250.07 188.55 152.06 119.99 95.93 77.50 65.35 55.32 47.79 43.47 40.54 42.06

C 14228.70 1645.89 1179.13 849.68 641.16 468.78 348.23 261.66 200.48 153.73 124.11 98.06 80.71 67.37 57.12 48.24 43.83 41.60 41.59

D 1738.08 1553.04 1174.52 861.07 650.06 469.26 359.57 275.98 206.39 161.75 126.73 103.28 83.36 68.12 58.16 51.04 45.91 44.19 40.94

E 1496.94 1409.86 1126.10 856.86 642.94 483.76 364.21 273.71 207.93 162.45 126.27 103.97 84.19 69.97 59.26 51.66 46.97 44.78 42.98

F 1370.73 1300.64 1069.71 822.78 621.75 457.26 346.16 268.89 202.77 162.66 129.52 102.82 85.03 68.88 58.09 49.46 47.46 45.23 46.20

G 1305.41 1232.19 980.55 760.50 572.82 431.53 334.13 247.89 197.16 156.54 121.30 98.77 81.90 68.63 58.82 50.21 46.02 44.77 43.70

H 1355.87 1105.92 869.56 672.10 522.98 408.09 309.70 246.69 189.35 148.19 117.84 94.08 78.03 66.74 55.32 49.49 41.71 43.74 45.47

I 967.37 867.08 726.72 602.45 453.85 378.87 289.80 220.90 179.55 143.46 113.02 96.31 77.04 62.36 52.56 46.28 41.90 40.78 42.11

A 1253.93 1030.89 768.48 594.66 453.27 339.70 267.05 200.55 157.79 127.88 102.91 82.03 66.96 54.03 45.49 40.73 36.54 34.85 33.85

B 2101.87 1285.94 930.50 693.76 521.30 387.42 297.21 224.52 172.50 135.09 104.46 87.84 68.50 58.30 47.78 41.95 38.13 35.71 37.12

C 1834.58 1407.27 1034.40 757.81 577.08 415.20 319.89 240.69 182.39 141.34 111.10 89.50 73.65 60.60 51.95 42.12 38.29 37.91 37.27

D 1655.29 1437.40 1067.61 787.14 590.33 444.35 329.99 247.89 184.32 144.81 115.94 93.33 73.16 61.64 51.32 45.38 40.51 38.45 38.85

E 3813.88 1325.16 1058.96 805.06 595.53 445.47 334.28 246.14 189.27 146.16 118.03 90.12 73.09 62.74 52.33 46.06 41.36 37.61 39.69

F 1402.74 1265.82 1010.99 768.30 576.97 444.89 325.60 247.34 185.52 144.53 113.45 92.25 73.65 59.61 52.64 45.19 40.93 39.53 41.00

G 1310.35 1189.63 950.34 735.93 539.15 412.15 309.74 237.01 179.12 141.31 109.08 86.49 72.96 59.36 51.08 44.21 39.05 39.13 39.95

H 1328.57 1095.36 849.34 653.86 492.68 380.56 291.72 222.67 173.57 135.19 106.93 86.74 71.02 58.39 47.97 39.98 35.97 37.70 38.57

I 950.24 890.27 707.16 567.84 456.26 335.36 270.49 209.31 162.95 126.86 98.89 84.34 68.56 55.97 48.76 39.41 36.79 35.96 35.86

A 807.11 642.85 490.63 378.40 284.62 217.82 171.74 129.89 103.29 80.46 65.94 53.53 43.36 34.85 30.84 27.29 24.26 22.66 22.35

B 1355.82 826.71 584.10 430.29 328.24 250.98 183.85 146.70 112.00 88.87 69.47 55.97 45.50 36.99 32.76 28.26 25.42 24.97 23.18

C 1199.78 888.01 655.65 468.30 352.78 258.60 202.92 152.89 115.96 92.86 71.61 58.23 48.34 38.66 34.56 28.74 26.90 25.18 25.75

D 1063.88 893.48 649.95 491.32 364.57 278.80 210.22 158.23 119.86 95.23 75.19 61.41 46.91 40.25 34.58 29.48 27.56 26.51 26.47

E 971.78 859.32 653.97 494.79 375.79 274.87 212.06 158.60 123.13 96.31 74.58 58.95 48.09 41.37 35.13 29.07 27.29 25.08 28.08

F 908.97 816.56 640.45 476.81 359.92 271.88 201.81 157.52 118.31 93.92 74.41 58.75 47.78 40.87 33.99 29.23 27.03 26.82 27.12

G 863.67 748.59 592.56 452.39 339.65 258.42 194.21 151.57 116.75 92.60 72.98 58.96 48.45 39.56 32.91 29.45 26.74 26.40 26.54

H 882.98 692.21 512.74 406.59 311.94 239.41 186.64 147.38 111.50 86.54 71.81 57.22 45.64 38.33 33.56 28.09 25.58 24.06 24.99

I 622.76 572.31 464.02 357.53 282.25 219.63 171.20 136.44 104.08 83.26 69.40 56.33 45.01 37.07 31.58 27.26 24.09 23.95 27.26
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H06 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1721.52 1678.43 1371.29 1069.68 892.59 656.43 537.71 399.66 334.60 272.02 208.71 180.63 143.43 113.92 104.20 86.85 81.48 80.38 98.79

B 2366.59 1807.87 1446.02 1148.06 934.61 730.06 558.71 430.48 339.31 278.09 222.64 177.37 145.10 124.99 103.86 89.37 86.83 86.73 93.28

C 2407.79 1905.25 1563.26 1248.05 975.58 758.32 592.03 450.98 359.90 282.47 226.99 174.45 143.88 121.63 103.88 88.21 80.66 80.40 94.06

D 2441.21 1984.79 1572.88 1292.42 993.75 774.02 599.03 466.79 357.84 289.51 232.39 184.33 140.77 124.76 106.81 96.27 87.34 78.68 80.89

E 2527.92 2037.66 1653.78 1319.47 1017.04 768.92 593.55 462.17 359.92 285.69 227.48 181.55 153.75 119.44 104.52 84.51 88.64 79.59 84.43

F 2602.17 2130.57 1683.57 1307.28 980.15 769.06 586.71 456.05 358.14 280.51 226.91 176.35 146.65 117.57 104.92 97.53 76.84 82.55 76.27

G 2805.02 2167.54 1662.25 1238.04 957.45 722.51 569.42 434.98 351.26 272.31 218.28 175.78 145.89 122.90 97.16 90.81 85.23 84.75 77.59

H 3145.40 2032.28 1494.14 1155.82 879.51 681.44 525.11 413.63 328.84 256.11 209.41 167.49 138.97 120.24 98.59 84.71 72.58 78.88 88.29

I 2067.26 1652.92 1254.39 979.24 768.55 600.39 479.90 382.85 308.30 234.60 193.54 160.25 129.51 109.46 92.78 85.06 78.23 70.83 85.55

A 2159.19 1923.26 1599.82 1259.74 972.22 742.86 596.02 474.70 369.89 305.18 246.51 194.20 169.42 135.48 120.80 93.41 92.14 86.72 108.04

B 2958.25 2210.95 1719.57 1362.91 1070.33 826.99 629.92 511.72 393.47 322.76 246.14 206.76 170.81 140.07 120.50 102.82 97.34 87.37 104.10

C 2990.69 2329.02 1829.72 1480.60 1129.24 872.82 688.24 528.98 413.54 330.99 262.42 215.93 168.70 141.42 121.69 105.40 89.24 94.05 93.86

D 3054.54 2372.00 1913.85 1494.95 1180.77 907.12 700.41 548.93 418.81 332.44 267.78 216.89 176.41 145.41 117.01 99.33 94.10 91.41 97.69

E 3064.99 2417.20 1939.88 1534.10 1184.18 918.03 706.88 545.15 426.95 337.20 262.97 214.56 176.05 140.84 126.13 101.51 97.56 91.45 77.43

F 3106.98 2473.78 1913.62 1533.68 1163.42 894.41 693.34 532.11 414.92 327.57 251.12 203.31 175.55 144.50 124.02 107.26 99.90 87.41 90.21

G 3204.01 2486.09 1884.48 1441.15 1114.83 844.27 662.67 506.22 395.71 321.69 254.58 204.63 169.02 130.56 113.15 100.70 88.02 87.70 82.52

H 3379.67 2272.70 1726.42 1330.51 1018.42 789.71 600.54 480.77 377.39 302.25 246.44 196.95 162.71 137.08 117.90 98.73 94.68 93.03 93.09

I 2340.81 1834.27 1454.28 1134.54 841.95 706.90 545.12 431.00 355.33 280.37 224.61 186.62 153.31 129.65 114.02 95.95 77.28 81.26 88.56

A 2332.29 2142.79 1650.88 1321.14 970.93 778.77 651.48 499.79 406.86 322.73 267.29 202.87 172.85 148.85 131.69 113.83 97.40 92.25 100.14

B 3342.61 2485.71 1933.82 1509.94 1184.30 909.50 706.00 557.61 433.45 344.38 280.86 222.05 185.68 155.62 131.79 112.54 96.66 99.43 103.21

C 3437.70 2608.29 2079.61 1635.29 1258.54 965.04 745.14 582.15 458.97 367.10 289.46 231.20 183.13 149.39 139.59 112.62 108.22 102.29 112.58

D 3466.41 2724.34 2149.84 1686.77 1302.85 985.10 778.23 586.46 464.71 368.89 290.17 230.60 190.45 156.95 133.30 111.87 97.35 106.47 105.56

E 3517.48 2720.37 2179.61 1709.46 1309.56 1010.91 787.66 600.52 469.96 368.74 294.33 235.19 193.54 158.49 136.31 120.30 100.45 102.22 109.72

F 3519.91 2706.07 2152.04 1693.39 1304.16 1003.15 773.92 598.58 457.34 365.88 297.07 237.97 192.43 153.55 131.19 103.84 107.16 104.38 100.37

G 3525.08 2648.00 2044.41 1606.01 1236.06 961.23 747.13 568.00 455.01 356.17 278.67 224.61 190.56 155.58 120.32 114.92 106.13 93.86 100.45

H 3541.34 2499.90 1917.46 1466.76 1137.59 880.80 685.20 541.58 425.52 337.58 272.26 223.07 180.81 148.35 131.06 114.12 102.04 95.10 109.27

I 2400.21 1980.09 1569.61 1243.45 975.73 798.02 625.88 481.03 398.34 305.93 257.93 213.60 174.05 147.76 124.00 103.49 96.23 85.58 109.53

A 2573.50 2136.06 1746.93 1391.90 1095.76 857.86 658.07 528.60 426.66 345.98 285.68 215.59 190.42 162.20 136.64 121.61 112.25 109.69 127.19

B 3565.74 2600.48 2004.92 1585.64 1223.65 956.25 759.55 588.57 455.27 363.47 298.91 236.54 181.85 157.41 139.23 114.64 113.44 110.62 113.39

C 3675.61 2790.46 2209.44 1722.04 1353.34 1031.31 803.28 621.34 493.83 380.27 304.04 247.99 195.64 169.79 133.88 126.30 110.26 117.12 110.45

D 3712.63 2894.10 2321.51 1828.91 1400.67 1087.29 832.95 649.84 488.43 384.54 299.13 245.52 204.92 167.02 146.73 122.59 120.52 117.84 111.05

E 3680.03 2872.93 2346.49 1845.25 1418.95 1075.87 857.71 650.08 501.80 400.79 313.79 253.20 210.47 174.19 149.30 115.17 115.98 116.22 104.51

F 3649.96 2861.73 2272.31 1804.41 1400.82 1059.38 834.31 645.29 498.09 392.47 317.81 257.49 192.86 172.24 142.24 128.03 105.36 114.28 119.80

G 3644.75 2802.20 2189.22 1701.62 1325.63 1031.71 802.89 619.50 484.64 385.70 310.38 248.27 208.33 173.42 128.15 128.27 110.95 111.45 110.76

H 3566.39 2607.98 2022.30 1557.97 1219.77 960.21 744.47 582.36 456.49 368.36 296.40 241.27 195.31 162.29 128.71 111.53 114.52 110.76 116.31

I 2511.78 2162.15 1710.40 1321.20 1071.39 866.11 654.86 533.83 439.32 350.05 276.07 226.63 187.70 158.95 135.63 125.55 111.56 94.74 129.04

A 2439.64 1944.76 1604.22 1271.21 955.22 737.10 609.45 474.12 390.86 309.53 259.29 192.10 163.42 142.26 120.62 108.67 89.85 90.09 113.63

B 3561.12 2493.03 1898.82 1447.57 1133.91 873.57 678.98 527.57 417.13 342.08 275.32 216.98 187.11 150.34 126.40 105.96 98.90 102.50 111.26

C 3501.73 2673.45 2046.76 1595.89 1230.56 945.83 730.91 562.23 448.05 351.49 282.32 229.85 189.24 158.24 133.24 117.08 91.82 101.53 112.35

D 3510.24 2724.82 2160.66 1679.64 1301.01 987.08 759.90 577.40 458.49 363.01 289.30 229.51 186.36 150.81 133.06 120.55 103.17 106.36 96.02

E 3501.84 2661.76 2176.14 1720.63 1332.89 1006.25 780.17 593.64 461.07 366.79 293.24 232.33 191.66 159.89 139.25 117.97 96.87 93.54 95.83

F 3433.53 2663.59 2137.09 1695.27 1297.40 1003.96 767.53 593.60 456.23 366.26 287.99 237.97 185.25 160.82 121.68 112.63 96.30 102.91 107.65

G 3403.10 2595.67 2054.55 1600.53 1261.54 969.02 741.63 573.15 457.29 355.86 281.93 226.65 186.71 158.59 135.77 109.23 108.88 104.25 99.05

H 3321.03 2437.98 1928.83 1502.98 1171.76 904.29 701.38 550.34 424.28 339.71 270.58 223.74 180.74 154.09 126.68 107.14 101.38 91.20 104.77

I 2403.54 2081.12 1657.15 1276.85 1062.78 799.84 618.41 514.45 404.36 324.65 264.25 214.59 165.09 147.44 123.41 105.83 91.25 92.80 115.08

A 2328.90 1880.14 1437.95 1128.63 872.94 703.82 536.24 432.40 347.32 263.03 230.31 184.72 151.84 133.44 107.30 91.86 85.04 81.26 101.06

B 3366.51 2360.20 1749.75 1328.61 1017.19 790.97 608.05 479.43 375.68 301.79 235.01 199.35 160.21 128.95 117.54 99.01 88.96 90.41 93.90

C 3250.48 2480.29 1869.18 1451.05 1116.72 850.99 664.02 513.92 401.80 318.13 252.13 201.94 159.47 134.70 114.96 105.73 95.84 84.38 90.30

D 3138.66 2498.02 1969.81 1517.65 1181.39 883.29 686.73 532.08 417.07 327.23 259.46 204.35 173.20 144.37 121.40 105.68 90.83 86.54 93.46

E 3080.37 2427.09 1937.39 1541.63 1191.42 914.96 715.27 540.96 413.95 334.02 261.97 211.84 175.01 145.05 124.00 110.24 99.65 84.64 93.04

F 3017.37 2397.29 1921.21 1525.26 1174.52 921.58 701.17 539.58 425.30 329.81 253.17 217.03 161.76 142.76 122.72 97.59 95.51 99.58 97.80

G 3002.90 2324.22 1849.63 1483.49 1154.46 877.33 678.80 531.03 412.04 327.09 266.44 212.80 166.96 139.26 112.75 108.94 99.38 87.51 90.37

H 2914.03 2213.58 1729.94 1388.73 1072.88 837.44 649.62 501.07 388.40 316.71 254.72 206.87 171.61 140.74 117.74 90.94 91.14 95.48 99.42

I 2172.77 1902.48 1552.24 1231.53 987.20 754.10 564.24 490.03 386.58 308.85 246.28 199.35 166.29 119.60 117.24 103.39 94.06 88.41 111.22

A 2100.13 1622.60 1273.24 965.40 766.76 602.60 480.54 375.20 299.63 242.00 200.49 166.21 129.19 105.73 98.46 82.70 73.74 75.42 94.42

B 3129.05 2013.61 1513.47 1143.37 879.04 678.04 516.53 410.94 320.33 259.80 207.85 169.55 136.89 116.87 99.89 90.65 80.29 81.53 83.43

C 2816.71 2165.58 1597.80 1239.54 940.21 716.88 561.99 434.33 338.15 268.36 217.47 177.16 141.34 120.32 101.65 86.30 84.33 79.81 87.66

D 2583.55 2133.34 1635.00 1284.66 983.02 764.41 569.58 449.28 348.78 278.98 223.42 182.37 149.88 116.29 103.46 86.29 84.35 75.43 70.24

E 2458.97 2049.63 1650.16 1302.18 1003.85 768.62 605.16 456.58 356.92 282.53 226.24 178.95 150.68 123.23 98.33 84.39 87.59 74.91 79.08

F 2414.55 1973.97 1604.18 1295.79 1001.74 761.06 602.94 445.01 349.46 280.38 223.33 182.41 144.89 123.97 105.90 93.44 86.69 84.35 75.94

G 2367.73 1911.48 1563.45 1249.19 952.49 747.39 575.54 439.93 349.92 280.51 226.25 178.85 141.39 110.77 93.33 86.85 78.52 75.95 80.52

H 2341.46 1813.93 1445.44 1198.31 910.15 715.52 555.02 436.29 341.42 267.59 221.56 179.11 143.39 111.27 86.50 89.26 73.83 82.57 82.07

I 1797.05 1637.37 1342.71 1073.67 828.85 653.83 506.15 418.04 336.03 271.36 214.84 177.19 144.70 114.59 99.58 91.00 77.97 80.93 83.35

A 1599.12 1360.64 1038.99 815.39 601.58 467.50 367.30 293.72 232.26 195.44 153.07 129.30 94.04 83.70 79.32 71.72 61.12 62.52 75.36

B 2490.37 1649.65 1209.34 909.04 703.02 535.24 405.22 314.94 249.94 196.63 164.56 129.74 109.22 83.16 75.95 69.76 64.38 59.13 71.76

C 2310.52 1738.76 1323.64 969.14 735.79 561.77 433.41 339.85 260.13 208.65 163.10 135.78 113.66 87.84 83.02 66.70 64.17 62.11 71.90

D 1972.32 1681.24 1298.01 1012.96 751.89 584.84 451.74 350.75 267.73 212.34 163.76 139.55 119.08 92.02 84.59 66.42 61.06 58.25 66.52

E 4074.55 1552.30 1294.16 1006.66 772.26 580.32 452.44 347.70 273.25 218.60 172.10 140.35 118.83 99.49 76.66 68.78 58.15 66.88 67.42

F 1683.41 1474.09 1254.64 966.96 768.51 587.00 445.52 343.18 270.02 216.79 168.81 139.52 117.31 90.80 77.50 64.72 60.05 59.84 67.09

G 1642.69 1392.44 1208.19 970.98 725.45 567.36 450.18 338.03 270.90 213.55 174.50 141.42 116.86 99.47 79.61 61.50 61.02 61.33 71.75

H 1632.76 1355.07 1145.30 893.65 710.27 543.87 436.97 331.53 263.93 210.75 167.70 131.58 114.94 86.24 85.10 70.29 63.35 59.78 73.18

I 1280.49 1282.07 1095.24 853.36 681.63 515.33 414.22 328.94 261.07 205.98 159.54 141.82 112.25 87.20 82.37 70.81 63.53 60.75 60.90

A 932.81 847.47 674.66 523.25 405.47 325.85 251.24 190.93 150.86 122.69 102.29 83.68 67.59 59.07 51.63 43.22 33.30 39.59 39.77

B 1484.95 1059.89 795.25 603.56 447.07 329.70 262.69 202.09 158.05 127.14 99.85 82.77 69.02 59.34 49.35 43.45 39.93 37.28 42.04

C 1384.63 1130.49 883.65 635.76 474.54 354.25 279.33 211.69 166.63 133.02 103.92 81.95 70.10 60.37 46.81 39.86 41.75 41.79 49.28

D 1289.25 1107.14 885.06 668.42 504.22 367.63 283.52 216.52 170.34 133.83 107.40 86.74 74.16 57.45 40.64 44.74 35.76 42.04 42.69

E 1205.80 1014.99 852.16 673.36 500.89 373.96 280.66 220.60 168.43 136.98 108.03 86.50 73.52 54.52 46.15 46.77 41.49 38.97 43.98

F 1029.54 985.70 819.97 639.21 490.75 369.44 286.52 219.47 173.05 137.23 110.66 88.74 73.28 61.01 44.03 46.32 39.41 39.19 42.13

G 941.11 936.59 734.63 604.40 466.86 362.97 276.78 211.70 168.01 134.20 108.00 86.79 67.70 61.71 46.24 45.05 43.54 41.88 42.35

H 952.20 874.18 700.55 594.01 452.36 345.08 270.73 209.77 162.92 134.75 105.27 88.14 68.62 54.39 47.42 45.07 40.80 36.91 42.65

I 732.09 765.64 711.16 550.50 440.67 337.30 272.52 216.91 168.43 135.91 105.26 88.38 67.51 61.86 49.40 46.56 37.07 40.93 40.89
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of V01 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1557.32 1314.52 1076.08 837.80 678.84 552.51 443.95 352.35 284.95 236.90 179.33 156.96 125.72 102.92 86.05 81.19 76.98 67.46 73.62

B 2097.37 1638.82 1241.18 992.27 757.24 599.23 475.92 377.94 301.83 239.18 203.02 156.18 132.65 107.77 93.52 87.34 74.33 77.98 76.18

C 2176.09 1813.55 1427.01 1091.98 822.10 637.35 508.40 388.97 309.77 245.65 197.88 165.65 138.91 106.72 95.25 88.94 80.51 78.98 78.73

D 2209.81 1922.53 1541.82 1114.60 889.85 688.39 524.87 407.98 321.51 259.59 197.28 166.18 139.05 117.74 97.25 85.12 79.79 81.38 73.46

E 2271.24 2064.80 1556.94 1222.63 905.27 720.02 534.52 411.30 327.74 273.72 208.17 172.23 135.44 117.39 93.53 79.71 84.55 73.20 80.56

F 2484.48 2180.22 1592.90 1196.40 910.49 702.25 524.62 419.01 315.35 259.74 205.83 172.07 130.62 116.86 100.55 86.24 73.41 74.02 77.26

G 15341.90 2157.67 1550.22 1137.55 871.30 644.69 517.59 400.44 314.98 243.58 209.31 158.08 127.72 111.61 99.63 89.18 69.88 71.67 75.90

H 3084.41 1926.85 1437.16 1063.97 778.06 604.60 488.76 389.31 300.86 243.68 176.88 162.92 128.73 108.49 97.48 77.79 77.34 73.51 75.46

I 1837.43 1498.95 1137.09 909.56 709.25 556.95 423.82 349.58 278.82 223.16 186.66 150.57 125.99 106.03 88.63 83.73 70.60 71.52 87.53

A 1862.06 1565.23 1270.25 978.57 805.33 601.15 488.60 398.13 329.71 255.63 217.20 171.95 142.41 123.39 102.18 90.73 75.74 79.01 97.97

B 2655.19 1943.77 1496.93 1147.03 861.14 682.52 539.26 429.86 339.52 273.83 223.35 181.13 150.34 128.45 107.94 86.14 80.73 81.41 94.87

C 2660.75 2114.34 1621.19 1230.22 968.13 745.88 573.20 454.68 354.52 284.91 228.66 190.34 153.17 127.25 108.33 98.79 83.03 82.24 81.71

D 2612.86 2288.94 1704.53 1291.84 1014.47 767.18 587.12 461.56 359.48 291.78 239.42 187.19 147.29 118.69 99.07 96.40 88.32 82.53 87.43

E 2690.95 2368.03 1781.40 1388.19 1035.62 788.64 617.53 456.81 370.14 304.71 233.16 192.07 155.12 130.55 115.03 94.83 83.74 91.53 91.94

F 2941.35 2371.90 1833.04 1326.95 1037.97 754.35 602.72 477.29 371.62 291.34 240.58 186.74 148.01 126.22 109.17 101.49 83.99 93.14 89.75

G 3136.10 2467.80 1827.70 1311.36 984.69 744.06 589.02 464.25 357.10 295.14 236.53 185.47 158.69 131.57 111.56 95.72 90.26 94.47 95.82

H 26454.00 2314.92 1608.35 1202.76 897.67 713.00 559.74 439.82 344.47 282.94 231.60 181.11 152.24 123.97 107.88 88.00 87.22 86.98 96.18

I 2151.73 1745.30 1430.42 1035.90 834.96 629.53 502.60 412.55 323.06 251.50 211.51 177.95 145.49 116.28 105.93 92.45 76.78 76.25 102.32

A 2251.30 1836.43 1463.40 1107.20 866.59 702.61 560.32 435.65 358.91 289.38 236.94 194.20 165.57 126.46 110.26 107.02 89.67 90.29 105.38

B 3397.57 2393.26 1726.32 1275.40 1009.36 765.73 593.12 467.80 383.37 302.14 249.46 203.95 168.26 124.54 119.78 105.66 98.73 99.60 104.13

C 3549.99 2676.10 1961.44 1427.82 1079.36 824.40 637.15 497.33 395.66 314.73 256.45 211.07 169.50 139.11 115.55 109.65 103.69 98.49 101.88

D 3718.19 2807.15 2061.09 1539.35 1150.69 883.95 669.45 522.98 389.06 329.39 254.10 212.17 179.88 147.24 116.30 115.26 105.14 98.53 100.48

E 3746.37 2953.78 2127.51 1622.70 1205.80 892.12 699.89 545.87 422.09 341.10 267.88 207.84 182.02 151.70 128.39 101.31 105.36 100.26 98.47

F 3785.91 2962.69 2213.38 1636.55 1246.70 937.03 708.62 551.87 417.40 339.50 273.02 224.73 182.90 145.52 130.08 116.34 105.12 93.52 104.40

G 3909.56 2981.73 2185.15 1573.80 1179.69 915.79 702.71 542.00 415.16 336.80 262.38 219.19 179.34 149.12 127.27 102.32 105.66 102.65 93.96

H 4197.71 2886.14 2136.19 1452.04 1152.65 874.28 675.71 530.72 412.46 321.88 254.60 215.76 175.19 139.42 122.96 105.31 100.44 93.51 106.62

I 3069.50 2379.40 1774.04 1398.63 1023.56 810.45 644.42 497.38 392.17 316.51 252.35 204.77 176.41 139.00 121.65 109.52 94.91 88.47 108.90

A 2612.45 2192.84 1647.79 1277.54 1014.17 808.34 632.29 499.92 395.24 320.08 267.33 216.60 178.79 148.76 130.85 114.26 109.15 98.20 101.57

B 3666.74 2769.41 2069.23 1548.08 1187.02 907.17 699.05 540.64 424.52 345.86 276.22 220.45 192.02 163.44 134.85 121.21 104.48 107.43 118.15

C 3517.47 2948.45 2263.19 1719.31 1298.58 1005.81 761.65 585.03 462.71 370.70 292.56 241.93 201.03 170.64 142.67 112.41 114.31 116.84 117.59

D 3552.43 2925.04 2364.81 1821.38 1345.89 1037.37 788.08 602.58 473.14 380.27 301.06 242.78 201.66 171.13 142.30 130.02 107.59 118.76 113.25

E 3544.74 2902.11 2307.63 1792.70 1416.74 1042.23 791.36 623.78 486.84 390.14 305.79 245.63 199.37 166.88 140.12 120.86 120.81 118.28 110.46

F 3459.28 3019.52 2372.44 1794.76 1382.91 1018.28 787.84 626.53 479.59 376.84 308.49 241.61 203.14 173.92 147.68 129.36 112.66 112.83 122.44

G 3445.28 2930.66 2210.84 1674.69 1314.81 981.70 753.98 587.43 458.27 356.31 295.44 242.64 201.02 168.12 139.29 119.08 113.53 110.71 106.85

H 3653.96 2707.81 1985.13 1534.90 1168.44 918.24 702.97 545.50 429.97 351.48 282.63 229.24 194.92 165.11 139.98 120.40 111.67 105.70 115.67

I 2689.63 2184.98 1660.39 1297.91 1016.29 801.12 620.75 495.52 405.24 326.79 262.50 219.32 180.20 154.55 134.78 119.34 104.73 104.40 131.31

A 2925.10 2329.74 1786.86 1346.09 1033.81 802.17 615.27 486.67 389.05 316.17 253.90 207.43 166.07 141.37 107.02 106.83 98.89 95.89 123.78

B 4258.21 2939.70 2051.82 1453.01 1121.53 875.10 663.53 522.59 399.40 324.05 260.27 217.65 173.47 144.29 114.64 103.24 102.21 102.31 101.94

C 3861.58 3037.00 2210.72 1621.41 1176.83 857.95 701.54 546.15 423.11 339.75 268.16 218.18 163.53 143.21 131.59 112.99 92.64 103.51 97.43

D 3887.52 2937.63 2264.94 1620.23 1229.77 903.03 692.01 537.45 419.74 340.64 273.56 222.11 174.16 138.54 123.23 100.18 103.88 93.72 98.53

E 3620.48 2883.65 2172.51 1624.79 1198.37 888.69 691.04 536.56 428.05 337.53 273.79 214.19 174.77 147.15 126.39 113.76 106.41 101.02 95.13

F 3543.06 2714.91 2052.99 1539.86 1164.61 868.50 640.91 529.23 410.56 328.49 251.71 217.57 167.38 149.02 125.03 107.25 102.45 102.07 95.96

G 3514.25 2588.73 1916.66 1418.79 1077.73 829.18 640.07 500.05 392.48 323.98 258.13 214.00 174.54 139.79 116.52 102.11 93.43 98.78 98.56

H 3472.69 2348.62 1709.80 1272.64 983.97 757.95 598.54 479.76 368.86 300.61 250.55 197.35 161.95 129.41 121.52 108.42 97.12 88.23 95.12

I 2314.89 1853.73 1444.09 1121.68 873.47 686.83 547.59 438.99 338.99 282.80 231.38 188.53 157.52 128.21 110.86 105.51 95.55 82.76 105.31

A 2206.99 1723.57 1280.44 990.50 771.03 657.24 529.74 405.47 317.52 257.95 208.24 179.44 150.99 125.92 99.90 94.91 74.01 84.05 102.42

B 25876.20 2173.45 1595.98 1197.04 912.24 713.09 549.47 435.46 352.89 272.03 229.10 189.54 151.79 124.19 109.04 97.78 82.72 86.60 93.51

C 3007.40 2368.36 1781.33 1307.76 982.02 768.11 580.25 464.81 353.53 296.14 231.11 186.65 152.99 129.04 113.75 97.84 93.89 88.81 93.32

D 2985.14 2439.83 1782.45 1361.21 1043.81 787.24 610.60 470.61 376.60 282.31 240.93 195.01 161.25 127.10 102.00 90.71 84.26 92.85 92.74

E 2853.95 2306.07 1799.35 1352.07 1052.09 740.65 607.99 472.59 382.37 294.81 224.48 186.52 156.23 127.92 115.27 103.06 94.76 83.82 91.69

F 2718.87 2113.57 1719.17 1318.23 990.29 795.51 579.79 462.74 370.49 297.39 227.10 193.83 155.94 124.13 99.77 94.16 90.32 93.03 85.88

G 2703.10 2141.69 1588.78 1258.10 935.72 726.42 576.85 433.69 355.99 288.57 223.56 185.59 151.54 128.04 113.83 99.35 92.33 90.75 93.40

H 2563.97 1946.40 1478.10 1112.92 857.98 668.81 545.56 423.84 349.29 273.92 223.90 187.28 143.92 129.43 112.15 87.72 78.01 87.85 92.89

I 1920.54 1610.41 1246.11 1009.49 779.12 616.43 492.19 395.08 322.53 260.12 205.35 168.81 141.28 112.69 101.12 95.60 85.47 82.01 81.22

A 1816.35 1536.53 1145.12 882.28 702.99 548.55 438.35 338.80 268.85 221.84 186.35 143.31 118.86 101.62 94.41 78.25 79.67 70.47 81.99

B 3093.69 1916.89 1372.09 1045.67 786.48 612.91 480.39 376.83 296.24 241.37 190.50 159.04 126.32 112.75 94.85 83.00 78.24 76.75 85.88

C 14842.60 2152.84 1539.12 1131.09 854.65 629.32 508.58 402.60 308.61 251.73 198.15 163.29 132.80 116.27 94.14 79.25 72.77 76.48 79.34

D 2416.93 2099.73 1612.59 1149.86 916.27 676.20 518.51 408.85 316.66 259.58 192.08 166.02 136.41 116.94 93.92 82.79 81.63 80.16 80.67

E 2221.25 1960.22 1524.08 1142.28 893.35 676.78 530.14 415.51 333.72 244.94 205.66 168.53 139.69 119.73 96.95 87.06 77.01 72.99 77.89

F 2216.67 1858.02 1439.98 1149.43 897.52 676.66 519.64 415.48 312.85 256.34 208.82 164.77 132.78 117.01 99.96 91.18 72.91 72.93 79.52

G 2127.11 1806.36 1357.35 1088.17 801.26 644.96 499.49 400.89 305.70 251.16 203.86 162.74 138.61 116.07 90.13 82.48 82.06 79.17 85.63

H 2085.83 1638.74 1193.50 1000.16 755.54 599.24 462.53 373.11 302.32 239.90 193.90 152.86 129.26 98.83 88.39 77.87 77.82 75.99 80.00

I 1492.98 1360.47 1102.48 864.02 691.35 536.51 437.01 355.22 280.44 230.61 188.00 149.63 129.56 100.53 93.55 76.01 79.44 72.35 92.52

A 1420.97 1225.57 939.04 723.41 586.96 452.21 357.84 283.48 221.91 181.17 149.52 119.51 102.75 84.71 75.83 65.42 58.09 59.60 72.30

B 2416.93 1537.97 1154.04 846.94 651.18 499.63 383.84 307.35 247.63 193.34 160.29 132.65 106.48 89.08 76.61 68.23 63.20 61.83 63.75

C 2178.50 1725.53 1242.40 972.42 729.09 552.71 417.62 323.69 253.49 203.18 169.06 129.91 107.91 87.77 74.66 65.21 67.00 67.00 63.49

D 2007.74 1723.10 1343.18 996.00 762.93 573.74 441.92 338.29 268.13 211.34 174.88 134.96 109.20 95.15 78.37 69.18 68.26 66.71 58.58

E 4162.78 1686.34 1375.99 1002.48 781.88 594.30 449.03 343.91 268.28 215.85 171.47 138.36 116.57 94.05 84.33 67.95 63.98 59.76 65.15

F 1789.73 1628.58 1282.27 983.27 773.96 586.87 445.18 338.82 269.38 209.73 171.55 139.53 109.15 88.34 76.71 72.47 60.28 63.02 63.11

G 1748.74 1507.59 1202.64 899.75 705.82 526.69 418.97 326.89 255.43 201.60 162.73 137.26 110.79 92.39 80.82 72.08 60.14 63.39 70.22

H 1702.68 1386.86 1090.96 827.41 650.51 494.43 386.36 313.16 243.26 197.04 161.02 127.58 102.21 91.64 73.20 72.48 61.81 63.87 68.45

I 1248.67 1131.60 899.17 731.20 561.35 447.95 376.38 289.63 234.89 181.18 153.21 125.90 106.04 84.86 73.06 66.26 61.63 54.10 60.37

A 947.57 763.36 604.70 458.46 358.91 284.63 225.53 180.65 144.90 119.94 98.21 80.67 64.23 57.29 49.19 44.53 40.27 37.12 40.24

B 1543.62 974.49 730.37 533.97 401.59 313.42 252.18 195.57 151.80 125.23 103.57 79.59 67.48 58.01 52.13 44.68 40.60 41.65 44.89

C 1412.04 1101.48 792.43 586.14 461.92 336.94 262.48 208.45 163.23 130.36 102.96 87.57 72.04 55.69 51.55 40.15 44.61 41.17 43.28

D 1291.86 1069.18 818.40 638.59 490.53 360.32 273.05 217.60 171.38 132.58 106.67 79.14 68.71 57.22 49.95 43.67 38.09 43.37 43.90

E 1234.18 1050.50 816.41 641.19 470.64 357.50 281.36 219.14 173.00 135.14 111.07 90.79 71.78 63.38 52.50 41.30 37.14 37.30 41.00

F 1163.22 1015.48 798.29 599.61 464.91 358.53 284.25 216.45 171.27 133.92 108.73 83.65 73.78 62.14 53.28 47.50 38.85 40.85 40.97

G 1120.20 955.51 765.28 583.39 448.35 332.42 269.37 206.30 167.56 132.54 105.86 86.44 72.77 55.33 42.81 42.66 38.69 38.76 44.57

H 1131.36 873.03 700.72 523.88 405.81 324.34 255.11 205.96 159.56 125.75 103.65 85.92 69.48 52.37 47.83 45.81 38.32 42.57 46.08

I 814.17 689.79 559.82 454.29 362.69 292.82 238.03 186.07 147.27 124.54 98.61 79.72 67.60 55.33 47.83 45.73 39.51 36.95 52.08
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of C01 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 2512.56 2187.09 1672.99 1323.24 1007.67 778.11 625.97 493.52 386.67 317.75 250.23 210.69 173.15 139.97 115.54 101.85 94.21 95.16 93.08

B 3070.71 2485.54 1837.35 1444.69 1097.79 840.48 652.56 517.50 408.07 324.82 252.23 216.86 177.28 142.50 125.65 111.61 105.93 97.83 103.44

C 3154.50 2582.21 2000.54 1502.59 1148.67 867.76 671.58 530.55 413.67 330.80 271.58 217.80 182.14 139.67 127.93 112.76 102.63 96.42 103.77

D 3204.82 2734.68 2070.50 1547.18 1155.90 896.04 682.27 536.74 421.23 333.53 270.59 224.45 176.57 150.32 131.81 116.94 103.14 106.76 100.23

E 3163.24 2736.37 2101.92 1556.55 1189.77 893.14 696.55 539.52 419.92 336.63 269.98 219.78 184.92 153.81 127.98 113.03 98.49 102.14 102.46

F 3311.48 2731.00 2035.87 1517.44 1147.51 875.33 671.14 525.72 412.64 329.07 268.26 219.59 180.93 150.38 119.25 117.32 96.41 105.71 96.97

G 16138.00 2667.96 1947.38 1448.66 1085.85 833.51 642.77 510.48 400.74 322.31 263.81 214.66 174.69 143.82 128.90 101.63 101.07 101.47 101.80

H 3554.67 2357.82 1732.15 1297.52 996.70 780.84 605.58 483.24 384.65 309.40 252.24 201.45 167.55 144.49 124.58 108.26 100.98 98.82 104.66

I 2174.54 1814.74 1444.18 1132.46 895.35 707.50 557.68 444.98 358.48 288.96 235.12 197.63 162.69 138.00 119.01 101.40 93.11 92.17 94.16

A 2936.64 2484.17 1887.62 1499.24 1159.72 900.07 702.60 556.92 443.80 357.34 291.88 243.13 200.21 164.76 126.15 119.80 108.94 107.03 106.35

B 3654.48 2917.42 2195.95 1630.29 1237.19 958.11 751.74 592.46 464.96 372.76 302.14 243.78 202.37 172.48 143.28 123.54 107.16 112.98 124.59

C 3696.14 3084.88 2369.61 1761.65 1327.54 1025.42 779.06 611.89 486.87 383.02 309.99 250.04 207.83 177.07 146.12 133.78 119.14 119.17 115.67

D 3749.56 3179.64 2456.56 1817.62 1353.07 1038.50 804.14 632.92 489.94 389.46 315.37 256.51 201.44 173.79 142.29 133.95 123.44 119.98 121.19

E 3903.49 3231.38 2458.14 1848.55 1368.62 1049.25 805.41 620.06 487.95 390.69 306.31 255.07 214.08 176.05 146.05 132.63 112.98 111.03 119.96

F 3839.34 3253.33 2421.34 1803.43 1362.13 1030.57 786.15 617.25 482.70 387.41 312.61 253.30 210.52 174.94 139.15 125.83 117.81 120.87 120.32

G 4026.82 3151.31 2316.46 1701.59 1278.97 979.40 759.57 601.14 468.78 375.49 302.06 246.65 188.70 173.97 143.18 127.97 121.08 106.52 115.22

H 27073.40 2828.53 2075.99 1545.95 1182.40 914.80 712.95 567.55 443.21 360.10 294.21 240.12 197.27 168.01 136.20 124.57 114.83 109.85 119.86

I 2603.22 2142.15 1696.59 1338.19 1031.14 822.68 666.49 518.93 413.12 336.63 274.91 230.22 194.34 161.65 137.83 116.70 111.37 99.08 105.57

A 3220.26 2701.56 2082.42 1598.65 1232.29 958.24 752.68 599.47 473.78 386.89 315.65 255.57 209.06 175.14 152.32 135.05 123.40 110.88 129.78

B 4185.94 3226.00 2392.15 1791.81 1376.20 1050.36 816.68 644.19 513.26 405.17 331.11 270.34 222.32 182.51 145.92 142.84 111.30 110.18 126.15

C 4191.25 3462.13 2586.45 1948.01 1471.47 1120.55 863.32 674.82 530.57 412.92 341.55 278.24 228.54 192.13 150.80 141.72 124.95 124.45 134.66

D 4238.53 3561.76 2709.59 2034.33 1524.04 1161.68 877.11 686.80 536.28 425.69 348.99 281.83 234.91 197.93 164.89 128.11 134.47 118.50 120.38

E 4318.68 3592.23 2741.53 2077.30 1537.36 1165.55 889.61 695.00 549.13 437.11 351.37 287.86 234.53 197.77 168.18 143.12 121.17 124.72 129.52

F 4308.63 3580.11 2699.32 2012.86 1516.39 1147.09 873.38 688.42 532.93 429.11 346.96 276.63 227.19 194.03 162.99 146.19 121.55 130.11 116.24

G 4288.45 3520.13 2567.05 1924.44 1449.59 1091.25 844.51 660.49 520.02 415.74 339.71 271.61 229.08 193.30 163.76 141.27 132.26 122.95 129.18

H 4483.33 3181.16 2347.31 1756.29 1341.63 1029.49 802.23 626.42 497.31 392.51 326.18 265.26 220.68 185.83 150.61 136.95 126.60 120.12 128.19

I 2915.70 2494.19 1955.67 1512.46 1177.52 916.62 736.26 580.56 460.47 369.98 305.36 248.39 195.30 176.80 149.53 128.32 123.96 115.26 109.98

A 3302.87 2748.78 2147.58 1676.25 1292.52 1013.72 803.14 631.52 498.80 402.41 333.18 277.76 223.53 196.80 162.58 144.04 133.88 120.38 123.60

B 4579.43 3515.40 2544.44 1911.50 1453.88 1114.72 853.12 685.06 540.13 432.80 354.68 287.49 237.74 201.04 173.55 147.17 125.67 124.77 133.14

C 4673.63 3757.75 2782.52 2065.55 1562.97 1172.76 913.46 715.41 565.66 449.22 368.21 283.88 246.08 207.96 163.83 146.00 129.66 140.75 138.63

D 4633.06 3869.83 2882.13 2157.12 1626.29 1225.02 946.50 739.87 576.75 464.53 370.98 301.83 247.16 208.61 168.84 157.39 145.47 138.88 129.21

E 4669.68 3860.69 2933.37 2216.79 1644.11 1247.30 953.98 739.86 584.95 463.73 374.54 305.45 253.76 211.38 182.06 147.17 131.46 136.34 125.76

F 4645.63 3851.76 2912.31 2162.70 1634.61 1231.51 944.86 733.67 580.60 462.14 375.64 303.72 249.08 206.59 181.14 156.77 143.23 141.43 138.55

G 4619.45 3762.21 2806.42 2081.57 1551.20 1179.12 913.37 714.77 564.11 449.87 363.51 296.18 246.61 202.45 178.76 157.79 137.59 139.05 149.06

H 4605.30 3477.02 2534.54 1890.68 1425.68 1119.55 857.68 687.91 541.32 437.24 349.98 289.42 239.38 201.56 174.32 145.75 136.58 134.47 140.03

I 3210.79 2721.32 2150.97 1651.94 1286.32 1007.09 793.28 634.10 508.42 411.63 329.61 276.33 229.76 193.19 166.62 141.03 134.36 123.25 142.73

A 2889.69 2427.30 1919.96 1493.80 1160.09 913.50 721.11 564.22 462.00 375.38 305.00 252.44 207.77 178.58 153.74 125.96 122.55 111.80 130.59

B 4376.69 3195.21 2303.39 1730.03 1328.92 1014.28 790.78 631.55 483.84 398.48 327.79 268.57 218.78 172.06 143.57 142.17 122.90 123.27 130.66

C 4252.37 3436.23 2561.71 1897.37 1437.82 1089.73 839.58 661.63 517.70 416.77 336.61 273.76 225.10 177.11 152.77 135.46 126.37 128.16 120.52

D 4213.04 3508.26 2674.04 1974.00 1500.24 1131.10 863.10 683.53 529.48 426.58 346.32 284.89 226.63 192.45 163.92 146.27 121.25 118.82 117.76

E 4225.20 3547.25 2688.12 1990.82 1513.41 1150.92 886.25 695.44 546.16 433.03 349.60 283.48 237.60 199.10 143.83 147.89 122.73 128.96 116.95

F 4216.67 3530.09 2643.16 2005.06 1508.14 1160.28 875.79 692.61 540.41 427.84 347.53 279.75 231.81 193.91 163.22 145.56 125.27 116.00 127.91

G 4128.92 3404.52 2599.72 1939.48 1445.27 1116.19 858.54 673.15 525.38 418.37 340.12 278.62 231.08 192.20 160.36 145.24 132.96 115.90 128.31

H 4074.54 3175.23 2376.91 1798.56 1363.13 1057.80 813.20 638.06 510.44 406.42 332.09 271.04 226.61 179.75 157.35 138.18 129.53 122.34 129.42

I 3154.62 2632.02 2044.92 1582.31 1228.51 946.29 756.30 604.27 482.69 384.53 317.95 262.20 210.81 178.08 154.92 135.36 124.94 120.05 136.77

A 2532.83 2144.56 1691.40 1329.74 1031.66 821.72 642.69 515.42 414.31 338.14 271.04 229.36 184.96 154.00 138.53 121.00 109.91 104.18 117.82

B 26626.80 2842.30 2050.34 1539.25 1181.01 904.60 706.61 567.03 450.69 360.15 292.99 226.14 198.02 169.34 131.41 124.75 113.30 111.01 118.84

C 3956.10 3175.21 2303.75 1704.69 1281.39 970.80 758.12 588.54 461.52 375.25 307.42 234.47 204.31 170.07 150.16 120.53 109.94 114.31 118.16

D 3923.11 3234.86 2395.71 1791.17 1346.48 1021.65 784.32 614.44 486.76 383.81 313.15 258.57 211.92 175.44 151.63 135.04 116.94 109.06 118.40

E 3769.72 3176.77 2424.25 1824.16 1384.95 1035.84 806.32 623.60 484.29 391.63 316.26 256.68 212.98 179.49 152.88 132.22 120.01 107.38 107.98

F 3756.04 3098.17 2394.59 1794.78 1363.21 1035.81 785.59 626.91 491.16 389.14 313.38 255.40 206.21 174.64 140.77 135.51 116.84 120.34 120.54

G 3643.47 3062.00 2301.72 1738.53 1311.60 991.98 773.36 608.62 483.22 388.04 306.01 249.12 209.10 167.26 149.41 129.23 122.25 119.53 128.12

H 3518.22 2886.46 2133.63 1649.60 1251.29 953.46 754.30 587.42 465.65 374.25 303.03 247.20 200.34 170.59 143.17 119.98 113.46 114.73 120.79

I 2880.85 2444.63 1901.97 1481.76 1155.96 892.60 703.05 554.94 449.01 347.73 289.71 238.62 197.68 162.36 141.79 122.59 114.71 105.59 123.56

A 2132.73 1845.11 1428.78 1140.63 892.68 699.75 558.00 443.39 355.04 289.10 237.06 196.41 165.15 134.94 116.67 98.90 90.69 84.42 104.27

B 3575.82 2325.16 1715.39 1296.46 1009.13 775.19 607.72 479.92 381.07 307.97 250.70 204.56 170.07 139.74 127.03 102.71 91.63 97.50 100.06

C 15560.10 2628.76 1952.43 1428.01 1093.54 833.92 642.53 502.42 404.06 320.12 259.16 212.84 167.82 144.86 119.40 108.81 99.93 100.18 103.71

D 3289.56 2731.55 2047.07 1523.02 1148.20 871.19 674.85 525.58 408.25 327.82 264.24 218.15 182.62 151.96 129.54 117.79 105.66 100.62 103.56

E 3230.85 2697.75 2066.76 1563.06 1179.65 883.13 687.23 532.93 420.31 330.65 268.92 216.10 185.48 151.93 115.93 116.83 107.19 102.39 102.94

F 3134.34 2617.04 2015.60 1547.48 1167.84 878.76 686.92 532.81 416.75 331.84 271.90 221.28 178.18 151.63 117.55 117.47 102.58 98.68 103.40

G 3093.25 2602.95 1962.73 1483.17 1136.82 869.40 674.89 530.98 412.24 331.68 263.24 216.88 177.75 150.24 125.02 102.25 99.42 104.52 108.86

H 2946.54 2428.27 1842.18 1407.51 1087.15 824.99 635.84 502.42 404.17 321.51 260.01 210.43 174.48 147.88 127.99 104.53 93.73 91.60 103.60

I 2468.46 2172.05 1690.16 1330.49 1026.79 790.32 617.45 492.82 385.46 314.90 247.87 201.09 167.52 143.04 116.85 108.50 92.52 92.69 94.69

A 1576.00 1364.34 1093.12 875.12 688.34 550.55 429.29 351.05 281.01 226.85 184.72 153.77 128.21 108.67 89.24 83.84 67.09 73.35 84.78

B 2667.02 1708.92 1290.83 987.44 765.56 598.83 465.44 377.08 297.27 236.55 195.52 161.58 132.17 107.88 91.72 82.84 74.96 75.77 82.02

C 2589.44 1963.22 1436.90 1088.54 837.73 641.74 499.84 391.84 305.90 248.44 197.48 161.85 135.86 110.18 99.78 85.71 81.20 76.23 76.31

D 2594.07 2090.74 1548.47 1179.33 879.54 678.11 516.86 406.79 321.57 256.93 206.04 167.74 133.13 105.05 98.86 77.65 72.13 73.20 80.99

E 4766.57 2073.01 1599.80 1190.63 903.97 676.67 533.98 413.41 324.93 259.55 208.30 167.61 141.70 118.76 90.95 90.07 80.15 78.37 72.35

F 2391.12 2047.33 1602.42 1191.10 912.02 684.63 530.22 410.97 325.67 258.87 209.22 160.94 138.61 116.27 101.85 80.16 78.33 76.86 82.26

G 2363.31 1990.13 1534.50 1186.19 878.12 677.05 526.09 410.82 323.08 257.52 205.09 168.34 141.00 116.97 99.64 89.96 77.86 80.40 78.03

H 2291.60 1909.98 1389.01 1105.40 839.74 643.91 506.09 398.12 316.61 250.40 201.31 166.24 125.81 111.79 99.25 86.99 82.84 70.19 84.46

I 1917.48 1758.15 1397.67 1065.10 829.11 636.49 498.06 388.52 293.55 248.69 199.58 154.00 135.66 114.03 94.14 86.93 76.35 68.11 97.44

A 1037.96 900.07 715.95 570.78 457.83 357.22 287.56 226.91 182.10 148.14 121.36 99.50 81.65 71.27 57.45 52.04 45.71 46.16 55.86

B 1693.28 1109.22 838.49 636.73 495.37 382.56 301.36 237.98 187.44 155.47 126.95 96.34 84.50 71.92 62.09 51.54 46.67 48.72 50.88

C 1692.04 1265.45 918.85 690.95 531.49 406.81 321.36 249.05 200.90 159.86 126.10 106.20 87.91 74.05 63.60 56.47 52.46 44.82 49.69

D 1620.02 1329.88 994.14 741.26 560.23 428.85 331.05 258.70 205.22 161.93 126.00 105.98 88.02 66.60 63.35 56.19 52.91 45.22 52.19

E 1548.25 1296.67 1016.61 774.88 577.53 439.50 337.59 264.01 207.62 165.93 131.37 107.79 85.44 75.18 65.46 57.59 49.47 49.84 51.10

F 1520.90 1288.67 1003.10 782.70 577.31 433.71 343.67 260.43 207.89 165.03 131.75 108.68 80.01 74.74 63.13 57.23 53.29 45.63 54.34

G 1496.14 1273.45 928.82 745.54 565.61 434.11 336.45 262.17 196.62 163.84 129.84 106.72 88.67 75.05 57.53 48.46 46.89 51.02 54.69

H 1465.20 1220.91 936.99 703.61 545.87 418.80 327.26 255.73 201.86 160.93 130.21 103.80 85.96 68.30 58.53 51.69 49.60 44.25 52.24

I 1280.84 1118.56 851.80 681.89 538.05 416.72 315.21 253.09 198.29 151.77 127.63 100.99 87.55 70.32 63.80 55.47 47.28 49.25 47.65

T
im

e(
hr

s.
)

gr
id

15
.0

0
16

.0
0

17
.0

0
9.

00
10

.0
0

11
.0

0
12

.0
0

13
.0

0
14

.0
0

dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of C02 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1685.60 1412.43 1103.91 834.25 672.80 545.88 409.64 341.34 282.26 227.36 165.36 149.58 125.25 106.35 90.53 84.33 75.44 70.19 71.43

B 2054.59 1675.20 1235.63 999.01 774.25 587.84 458.29 371.69 281.90 232.23 194.27 158.30 129.41 106.02 89.77 80.45 72.44 69.03 80.29

C 2195.65 1839.57 1438.00 1142.16 871.84 643.92 483.30 392.97 303.08 245.03 196.63 153.47 129.40 107.08 93.34 87.03 76.79 76.72 80.66

D 2189.92 1929.24 1572.09 1147.62 868.13 669.12 492.62 394.56 301.97 249.26 202.37 162.42 133.89 106.50 96.90 83.88 77.01 72.00 88.41

E 2298.80 1987.74 1559.13 1197.30 920.80 682.04 520.93 392.85 314.66 250.06 200.00 158.30 139.02 114.71 94.39 89.15 81.10 79.18 76.47

F 2505.31 2067.95 1593.88 1198.13 901.45 648.32 504.50 394.27 303.06 246.39 199.92 161.70 122.71 107.22 88.93 87.48 77.52 78.55 77.06

G 15397.90 2094.39 1531.51 1111.29 830.54 634.94 492.67 378.20 299.03 237.82 191.41 150.57 130.99 110.92 95.62 80.89 75.35 78.24 78.24

H 3006.76 1839.42 1345.44 995.89 783.52 582.54 445.67 357.27 280.25 226.15 184.01 145.26 124.57 104.07 93.14 79.79 71.49 70.01 78.48

I 1725.88 1408.21 1073.82 855.46 659.13 526.15 410.16 316.97 255.66 206.03 167.17 142.50 114.30 99.96 84.93 75.97 68.81 67.93 83.03

A 1793.60 1504.85 1080.29 910.66 692.10 585.56 439.45 340.59 278.52 232.31 187.95 141.27 116.83 94.11 77.03 68.62 74.46 62.22 77.58

B 2337.87 1803.18 1344.07 975.07 774.94 581.29 464.13 367.85 286.54 233.23 193.10 151.59 133.73 100.99 79.55 71.22 70.22 72.09 73.35

C 2315.10 2068.38 1402.80 1067.34 822.46 645.03 477.03 346.54 312.21 233.38 192.00 161.23 125.48 103.97 91.78 82.97 75.78 72.03 73.29

D 2401.65 1961.13 1510.17 1135.46 853.64 671.55 502.69 399.84 304.71 248.77 199.74 161.63 124.33 110.96 95.78 80.42 76.10 65.76 71.01

E 2413.28 2008.53 1588.20 1141.70 878.47 658.91 507.97 387.01 312.39 239.63 193.22 163.52 117.84 101.46 80.16 77.76 67.87 63.04 71.93

F 2589.66 2171.06 1572.15 1148.18 878.31 643.14 501.08 383.96 303.16 242.09 184.45 156.85 125.81 106.57 95.23 76.31 76.66 65.48 59.47

G 2814.18 2069.25 1494.51 1105.45 822.75 620.02 473.84 363.43 290.04 227.91 172.93 148.06 124.24 105.21 83.17 74.92 64.47 67.79 71.43

H 26027.80 1929.59 1359.65 958.70 728.08 573.06 437.41 338.90 266.33 217.27 161.49 139.15 106.19 97.24 82.00 70.84 68.01 67.29 67.36

I 1705.18 1373.01 1035.80 802.10 646.11 496.21 393.99 304.81 251.92 204.57 163.52 137.85 115.88 87.17 80.43 74.48 60.11 60.25 79.01

A 1766.38 1297.66 1106.46 850.05 707.85 548.45 413.84 347.22 282.63 216.56 174.05 146.88 115.77 102.73 89.00 72.96 70.07 68.58 78.38

B 2413.16 1725.16 1323.28 974.09 769.54 574.02 476.70 362.44 294.62 234.85 193.31 142.27 116.36 110.35 93.91 80.38 71.65 78.27 81.10

C 2323.93 1938.93 1492.06 1048.89 813.27 628.25 495.75 392.05 305.80 246.57 196.82 133.17 138.56 108.27 99.26 87.49 83.45 81.36 82.55

D 2366.88 1900.26 1459.51 1119.32 868.51 631.31 516.59 395.86 304.30 247.44 181.67 160.87 127.06 103.73 96.24 74.40 69.94 72.78 89.14

E 2421.95 1993.67 1511.42 1159.73 930.06 640.12 528.45 383.11 314.78 254.57 201.89 165.80 117.09 103.85 83.23 76.22 81.06 70.64 68.75

F 2331.95 2039.23 1518.62 1170.55 872.58 653.41 517.69 395.26 305.22 247.04 198.88 162.47 137.58 110.28 96.59 81.11 80.34 68.50 80.97

G 2587.47 2033.71 1471.81 1094.77 816.55 605.03 481.08 371.86 296.67 216.65 194.10 158.27 124.99 95.98 80.18 78.33 74.77 72.99 69.95

H 2690.00 1799.14 1307.34 981.84 728.91 576.42 450.80 347.62 283.15 229.99 176.60 154.66 121.71 102.11 86.92 74.09 68.52 64.91 77.39

I 1700.84 1369.36 1046.50 741.50 617.15 437.38 384.32 320.29 267.18 209.52 168.41 142.43 115.83 98.78 89.35 70.19 69.66 65.16 88.11

A 1689.29 1272.20 1029.39 770.52 688.65 554.12 417.93 328.81 272.80 221.82 182.50 151.30 120.78 102.72 86.36 74.97 76.42 76.52 103.47

B 2644.28 1897.61 1334.05 1000.39 729.12 586.67 456.13 391.78 294.00 236.32 191.61 150.79 128.50 105.87 87.17 79.16 79.44 69.51 82.50

C 2318.79 2024.49 1505.71 1082.37 799.57 625.11 500.39 384.70 300.74 247.90 190.31 160.68 132.02 102.96 100.01 89.68 78.11 79.62 77.91

D 2155.00 1921.51 1446.04 1081.57 898.10 655.42 514.08 391.02 309.44 264.82 214.09 170.64 136.50 116.44 83.14 85.26 82.76 72.56 83.17

E 2267.07 1932.88 1536.56 1168.44 890.54 645.04 511.58 406.70 327.50 251.32 200.99 155.51 122.26 121.20 88.99 89.12 71.92 77.15 70.34

F 2343.32 1992.75 1517.96 1117.12 871.09 649.21 510.37 396.56 291.96 252.03 198.69 162.51 126.80 115.52 97.15 90.92 79.38 82.62 79.90

G 2376.15 1921.10 1448.05 1052.28 853.03 622.80 485.83 393.04 303.75 230.73 193.81 154.45 132.12 108.82 92.24 86.17 72.43 73.36 84.46

H 2515.27 1793.70 1276.36 973.43 730.35 561.58 448.37 357.36 287.65 222.76 166.41 150.00 128.31 102.96 84.06 81.44 67.43 68.12 71.02

I 1581.15 1290.18 997.40 770.53 564.54 504.61 417.18 299.80 273.51 218.58 175.92 143.90 113.50 91.21 93.76 69.52 72.57 72.37 74.35

A 1548.46 1267.00 980.30 751.85 617.52 490.26 396.38 309.92 261.47 219.21 163.90 135.14 110.77 96.94 83.64 77.78 66.36 61.22 86.85

B 2585.70 1731.14 1220.29 935.55 685.06 530.04 424.13 330.97 266.94 220.14 180.66 142.51 112.39 96.34 84.35 75.56 68.52 62.81 75.45

C 2129.70 1852.89 1356.62 992.43 744.45 576.63 440.35 353.37 279.85 234.22 181.92 148.37 108.09 87.27 84.57 77.67 76.88 66.14 75.58

D 1995.20 1755.98 1368.86 1002.33 814.04 624.44 480.23 358.79 292.98 232.28 183.30 149.40 120.62 105.50 81.85 76.24 63.20 73.34 57.02

E 2074.80 1701.71 1379.87 1093.24 809.58 639.04 484.47 359.93 303.59 238.69 192.12 154.05 129.38 101.76 77.61 68.72 64.86 63.80 74.39

F 2071.80 1731.08 1372.34 1052.92 779.31 618.93 474.30 371.86 302.13 237.34 181.83 147.94 118.93 108.03 93.39 74.61 75.02 65.57 75.46

G 2067.57 1656.20 1295.37 991.14 762.61 593.37 473.30 365.67 289.08 223.02 186.30 151.21 126.34 93.14 86.03 69.40 70.57 66.44 73.86

H 2166.47 1573.08 1156.00 922.27 676.47 523.65 435.83 346.43 269.34 215.86 173.96 147.60 118.45 91.21 80.17 77.61 67.76 65.71 73.78

I 1406.46 1075.78 983.34 712.87 592.36 440.99 398.77 324.87 241.56 207.45 148.63 128.17 109.23 89.96 84.82 74.97 64.54 66.73 65.92

A 1431.30 1098.51 915.89 673.72 523.74 434.84 338.23 222.97 223.95 178.80 152.22 121.79 111.46 74.05 75.09 66.57 66.99 59.18 70.57

B 25171.10 1675.76 1141.34 826.58 607.70 475.97 373.41 284.14 249.35 203.02 162.59 128.87 101.85 90.81 75.91 64.65 59.34 62.75 64.11

C 2149.09 1800.19 1291.62 918.52 676.82 532.91 399.02 310.61 251.81 211.26 169.97 137.89 117.24 93.60 75.35 67.36 62.75 63.93 66.88

D 1933.85 1758.37 1269.72 964.16 734.66 539.15 431.89 315.27 272.11 215.18 176.16 138.32 109.64 97.00 73.19 75.71 69.39 60.66 61.82

E 1868.02 1521.56 1241.11 976.48 768.02 571.60 423.24 331.06 273.09 217.96 174.44 133.72 115.38 100.29 87.61 69.45 71.34 59.44 67.43

F 1721.23 1623.94 1228.29 940.64 715.64 555.54 416.45 345.75 262.12 212.80 175.69 139.33 114.73 98.56 71.12 74.73 67.79 67.22 71.33

G 1842.88 1508.37 1189.71 886.41 700.12 513.20 421.41 311.66 236.75 204.99 171.89 132.91 113.01 88.56 73.57 70.89 60.98 61.35 64.63

H 1837.03 1386.44 1057.19 792.31 615.56 490.16 384.14 309.72 236.27 197.25 155.71 137.35 107.02 98.73 80.42 71.67 64.90 62.66 63.94

I 1229.19 1067.26 870.18 727.49 556.04 444.03 369.65 285.23 225.63 184.77 129.77 132.05 103.30 75.31 68.94 69.57 65.40 58.89 61.75

A 1327.97 1085.37 845.11 662.70 521.00 397.62 315.41 239.50 211.38 162.21 133.76 113.52 94.35 75.94 69.10 56.74 56.78 53.01 59.17

B 2515.81 1529.47 1054.96 784.71 576.81 435.24 352.34 268.69 216.19 173.68 142.23 112.53 93.75 78.96 70.76 67.00 55.30 57.88 59.21

C 14245.60 1662.20 1195.06 884.38 667.61 470.92 370.66 284.11 224.49 174.18 144.74 114.14 103.28 84.95 62.68 66.86 57.47 57.83 61.29

D 1826.68 1687.46 1186.60 900.66 678.78 510.77 379.68 294.58 241.54 194.18 129.06 115.56 96.34 89.96 76.26 66.37 54.15 58.54 65.02

E 1686.27 1507.31 1129.21 902.13 691.19 499.13 384.86 301.11 248.47 195.75 151.84 124.79 99.88 78.10 73.42 67.27 57.37 55.20 56.82

F 1538.91 1414.14 1097.26 863.33 657.61 502.34 404.09 309.65 229.92 191.70 153.01 119.95 101.52 82.95 75.42 68.11 61.47 58.69 59.10

G 1546.27 1326.05 1042.96 829.01 608.64 474.68 376.12 294.49 233.98 191.59 155.53 119.70 90.94 77.26 72.49 58.23 61.39 55.41 59.25

H 1612.53 1239.94 941.06 754.20 539.19 444.21 349.50 282.75 217.55 181.71 144.28 113.27 99.58 84.34 65.24 61.86 50.46 53.98 59.11

I 1043.53 899.50 774.77 632.96 508.52 386.12 311.85 252.19 210.85 174.46 127.64 117.05 97.86 75.89 64.66 55.49 53.70 51.87 73.75

A 1096.50 891.14 734.99 562.95 444.60 340.73 231.10 191.65 170.12 133.97 110.00 87.71 68.38 63.52 53.05 47.16 49.64 44.82 59.08

B 2003.18 1233.48 895.22 669.48 486.74 366.82 285.28 230.89 176.13 144.51 112.40 88.86 77.46 64.37 53.75 52.81 47.06 48.53 52.62

C 1845.13 1340.93 994.51 721.23 563.88 411.89 311.63 230.01 192.86 152.70 118.14 97.83 83.64 68.69 60.67 50.68 50.01 47.06 52.40

D 1601.05 1388.45 1024.06 793.61 602.36 421.11 324.48 252.05 207.31 151.69 123.31 91.65 74.88 71.83 57.33 46.14 46.25 44.34 46.07

E 3752.71 1313.14 996.82 753.09 574.65 424.89 332.94 262.71 194.91 152.02 122.88 102.53 84.57 67.82 64.29 46.24 51.32 41.42 46.96

F 1339.79 1258.69 993.93 739.54 556.88 434.16 318.81 246.58 191.12 154.86 123.76 100.37 83.49 68.82 58.81 50.91 43.23 44.28 46.02

G 1336.78 1157.59 891.10 682.00 521.15 400.42 311.10 233.34 169.91 138.09 116.50 96.17 72.22 68.89 52.68 51.10 45.68 50.03 50.34

H 1301.59 1022.86 800.24 606.06 453.90 341.81 273.35 224.03 178.17 143.98 111.99 98.24 80.52 62.82 57.52 50.46 43.21 48.24 51.52

I 888.35 724.05 679.80 487.56 402.38 315.47 269.83 207.10 156.82 127.86 112.30 93.44 76.42 60.80 53.84 48.11 45.70 45.23 43.60

A 799.07 636.75 512.24 391.94 290.25 233.62 173.08 148.02 116.25 96.16 74.62 65.36 48.21 41.54 38.74 31.56 33.36 31.27 42.40

B 1378.50 840.32 603.83 460.39 343.89 256.15 202.29 151.57 119.68 98.48 79.58 64.64 53.54 40.08 40.32 28.64 32.46 28.69 36.95

C 1249.91 928.69 664.59 488.73 367.11 272.58 210.05 162.65 130.00 103.06 79.66 65.47 53.16 45.71 36.80 36.73 28.73 29.15 34.95

D 1063.54 921.22 694.33 514.27 379.50 286.73 211.43 172.60 133.95 107.49 83.42 69.69 56.64 47.49 40.43 36.47 33.15 28.68 34.37

E 1002.14 891.30 694.82 526.89 392.34 302.00 227.91 167.12 136.43 108.52 80.50 67.79 54.62 46.97 32.67 36.18 29.75 28.99 37.08

F 957.46 865.76 671.19 512.76 389.70 293.95 213.50 162.78 129.55 104.65 80.92 69.49 51.77 44.22 40.73 30.13 28.56 30.12 36.42

G 919.48 775.05 606.78 457.54 362.31 265.59 214.32 153.00 128.08 92.30 84.90 65.39 52.75 43.16 32.39 32.47 32.88 33.75 33.53

H 921.91 705.82 524.66 395.31 317.58 233.20 187.42 149.88 114.85 90.54 71.57 62.63 54.14 43.50 40.37 31.89 31.40 30.62 30.34

I 587.46 526.53 394.31 347.34 267.11 215.64 164.13 134.35 116.48 90.72 73.45 57.15 52.57 44.49 35.64 29.15 32.83 27.25 43.94
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of C03 for south orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1294.10 1127.41 923.71 747.29 596.56 482.68 389.11 318.27 255.45 207.01 166.92 143.28 117.62 94.50 84.53 67.28 70.22 70.22 70.61

B 1831.52 1453.64 1099.07 856.59 669.43 521.80 414.25 333.31 271.62 217.15 180.67 147.73 121.50 106.47 87.90 76.09 68.23 74.07 80.97

C 1824.13 1577.83 1207.24 930.96 728.33 573.06 439.71 357.74 270.46 227.88 173.72 149.57 124.75 103.82 86.35 82.47 68.84 70.39 80.87
D 1779.78 1584.51 1270.58 955.20 777.93 604.60 470.12 363.07 285.86 231.42 183.54 146.17 127.21 107.12 85.62 84.13 77.20 68.53 72.43

E 1951.62 1671.00 1319.16 992.70 781.62 611.35 459.02 360.42 295.09 232.73 188.12 152.79 126.26 97.73 93.50 84.39 78.76 73.80 67.82

F 2077.32 1799.75 1352.92 1028.15 794.27 584.15 449.91 359.98 282.06 230.79 189.91 151.74 119.44 102.99 82.88 80.54 76.80 74.90 71.85

G 14940.60 1790.31 1287.94 1001.28 745.03 564.54 435.82 348.37 272.35 223.46 181.64 152.26 119.14 100.45 91.23 74.54 77.00 70.13 79.44

H 2683.67 1590.98 1174.42 877.07 671.50 521.29 412.28 325.39 259.27 211.26 177.74 141.49 120.75 95.64 85.40 71.69 68.38 71.85 74.29
I 1497.84 1181.73 904.76 755.37 588.38 432.85 375.80 303.11 249.66 201.38 165.28 140.65 107.74 94.01 85.59 74.65 67.72 66.52 84.14

A 1536.77 1320.81 1033.10 833.14 681.47 534.22 439.80 353.78 290.24 235.72 191.35 154.18 130.38 104.33 88.05 83.46 77.67 75.67 80.00

B 2121.38 1598.34 1266.22 975.79 756.21 595.00 476.67 386.33 313.72 252.09 195.30 168.86 138.67 110.30 97.74 80.54 82.43 77.76 84.07

C 2040.06 1725.75 1353.18 1032.85 825.20 636.70 506.93 410.71 318.45 260.69 207.30 164.84 128.01 116.55 100.85 91.99 78.53 77.65 86.22

D 2098.78 1754.07 1372.79 1100.01 889.82 653.26 522.44 398.83 325.02 267.24 214.52 170.08 124.57 120.25 92.56 94.27 78.39 85.85 89.19

E 2095.56 1849.52 1455.13 1121.82 857.20 674.15 526.43 402.90 327.40 262.97 203.03 171.03 147.34 115.12 97.82 86.11 86.74 76.59 77.71

F 2160.63 1921.18 1454.45 1102.49 847.12 661.74 509.89 401.61 325.93 259.59 196.96 163.02 143.11 120.28 103.86 89.00 77.46 81.82 85.54

G 2367.52 1956.64 1432.82 1036.65 795.47 639.28 497.76 379.48 312.86 254.03 204.24 166.14 141.10 109.71 100.29 81.38 77.56 82.61 81.87

H 25862.50 1822.91 1280.41 950.50 738.43 567.91 454.12 372.82 292.14 241.65 187.51 164.12 132.67 107.53 93.87 88.72 81.40 80.32 79.02

I 1625.50 1326.84 1039.04 802.29 671.29 532.87 387.92 347.34 281.14 218.31 179.79 155.83 125.57 106.13 94.09 80.74 77.26 73.14 78.89

A 1360.78 1104.72 898.69 730.59 587.43 453.07 377.83 296.22 211.77 197.57 165.89 118.30 111.01 87.75 76.30 56.83 52.89 53.06 61.31

B 2068.47 1582.66 1147.38 884.26 641.21 552.48 430.89 332.89 268.05 217.43 176.65 140.52 110.85 94.70 75.91 71.75 64.73 60.92 71.01

C 2034.34 1639.33 1264.05 934.72 736.52 567.88 469.48 355.06 284.07 219.29 183.21 140.51 122.58 97.81 86.21 72.75 63.05 62.95 62.02

D 1914.77 1733.95 1290.18 1017.15 788.46 589.43 483.12 367.36 275.65 228.97 186.95 149.93 111.58 96.11 83.72 67.39 58.97 62.68 64.91

E 1940.37 1797.93 1350.03 1070.21 793.95 606.25 482.42 369.12 299.27 230.03 185.83 135.61 130.97 100.36 80.39 79.57 62.74 63.88 75.28

F 2071.25 1798.14 1355.96 1043.01 788.90 588.59 484.45 351.08 287.43 241.68 179.44 144.66 110.88 94.38 81.73 78.79 68.26 65.91 69.38

G 2245.12 1751.52 1310.59 983.53 763.92 578.66 434.45 344.61 278.48 219.94 173.38 142.98 125.79 103.90 84.12 80.89 67.49 72.46 82.88

H 2554.95 1728.96 1265.33 903.71 644.41 517.38 422.11 334.64 266.18 205.24 166.88 142.78 117.30 91.99 79.56 74.89 74.01 61.75 76.51

I 1606.28 1194.22 1022.61 732.95 603.10 489.71 389.18 277.69 248.17 203.58 158.47 141.31 112.11 99.14 74.24 72.22 63.43 64.00 72.35

A 1383.25 1189.49 968.58 763.94 585.10 483.05 361.62 288.56 249.38 212.00 169.66 132.44 112.09 99.75 81.15 70.87 60.59 68.42 65.60

B 2431.10 1735.21 1282.69 937.55 724.69 556.37 444.49 343.69 263.52 228.08 189.15 150.30 112.03 92.93 90.14 64.14 69.12 69.69 74.90

C 2257.49 1894.28 1346.93 1057.23 829.95 578.17 483.91 362.80 287.07 243.00 193.49 151.78 130.78 107.47 88.50 79.25 78.31 66.67 71.42

D 2132.96 1964.12 1401.09 1121.32 869.42 633.13 504.79 393.51 310.77 243.33 199.56 158.40 131.08 108.35 78.02 82.34 68.63 78.69 76.49

E 2176.19 1836.13 1472.72 1125.47 856.23 647.56 511.74 391.34 320.56 250.06 201.60 150.92 140.94 99.26 99.10 86.58 67.90 77.74 79.85

F 2307.24 1923.33 1507.66 1132.80 854.75 651.29 504.12 381.58 308.08 247.19 200.68 157.34 114.34 116.38 89.63 72.66 75.69 68.93 70.00

G 2366.20 1901.28 1489.92 1050.83 790.74 620.37 477.88 387.69 305.59 245.05 181.76 152.90 128.31 105.15 85.17 83.10 77.42 79.39 71.67

H 2520.24 1869.97 1312.27 932.60 770.91 581.02 456.05 352.66 292.41 241.85 186.22 160.82 131.12 90.87 86.15 69.76 69.25 67.85 74.30
I 1659.29 1414.67 1088.42 814.80 677.81 521.49 407.70 326.10 267.42 205.07 185.42 151.44 124.19 99.29 88.92 70.23 74.30 66.05 96.02

A 1560.93 1288.52 1013.31 790.13 592.18 459.59 396.64 289.80 249.48 194.64 165.65 130.15 105.75 86.57 72.60 75.63 63.63 58.73 67.10

B 2739.48 1810.97 1315.80 949.60 718.57 550.41 442.94 347.66 271.24 208.57 177.19 142.44 111.20 95.34 78.19 72.72 62.22 64.93 73.70

C 2389.00 1937.77 1447.51 1053.77 806.43 607.93 472.05 368.42 288.53 230.80 177.36 142.94 123.03 107.14 87.84 80.61 74.05 72.37 72.39

D 2328.72 2017.88 1481.69 1116.72 853.82 626.83 510.54 379.50 306.42 235.97 194.29 157.63 116.05 105.44 82.53 70.06 64.23 73.55 71.62

E 2293.09 1903.57 1529.90 1164.27 868.70 649.12 514.01 379.98 310.56 249.44 197.44 155.45 130.40 99.95 78.01 71.65 66.78 69.03 75.91

F 2211.59 1856.41 1496.84 1118.44 861.42 644.79 494.12 388.08 310.77 251.72 199.26 152.32 126.47 105.62 76.65 70.71 71.77 66.38 67.19

G 2245.64 1856.52 1407.97 1049.88 804.51 626.74 481.97 367.83 307.55 210.81 188.49 157.47 129.55 102.26 88.06 73.85 70.14 67.01 70.49

H 2314.10 1771.60 1301.48 968.21 695.45 555.74 453.49 374.38 290.75 228.05 184.09 146.70 124.85 103.70 88.90 76.90 67.67 76.18 74.58

I 1727.43 1388.81 977.17 820.80 659.16 524.60 461.25 330.44 281.92 220.31 181.37 137.31 126.28 96.14 81.98 75.21 65.84 66.23 96.39

A 1682.80 1365.62 1073.76 779.01 601.19 455.03 395.13 295.99 226.44 185.41 150.35 132.77 109.19 83.94 72.55 64.68 63.17 54.12 78.05

B 25514.00 1845.88 1315.39 961.78 726.09 556.00 433.83 342.43 264.51 213.70 171.47 142.45 116.69 93.22 82.77 69.78 63.33 60.03 70.09

C 2691.70 2077.14 1498.92 1097.11 829.00 631.57 473.38 375.10 281.21 232.18 180.63 140.14 121.38 101.64 81.41 70.77 72.80 62.68 68.59

D 2463.73 2139.11 1578.88 1169.86 882.36 657.50 510.12 387.94 301.41 237.26 194.15 146.19 125.67 98.66 81.56 71.79 73.18 63.98 61.02

E 2430.70 2086.59 1536.77 1177.79 890.21 652.28 512.84 388.60 295.82 235.03 193.09 155.60 129.96 109.03 88.03 68.07 77.31 74.22 70.23

F 2375.65 2065.37 1502.31 1167.37 842.61 657.63 516.29 399.03 281.72 220.42 198.80 158.20 125.91 107.17 86.68 71.91 69.90 63.37 68.63

G 2362.61 1971.87 1456.35 1102.00 829.17 639.32 511.44 378.88 303.37 243.12 196.56 146.20 128.37 108.73 83.58 77.04 66.05 73.69 77.69

H 2411.28 1785.66 1347.26 1016.52 769.90 619.87 463.45 361.50 295.64 239.59 192.01 157.16 124.77 104.04 93.70 79.38 70.41 67.13 78.30

I 1773.45 1525.26 1235.62 945.20 737.19 535.38 448.10 350.14 273.08 208.11 172.53 142.97 115.21 103.19 84.72 81.88 59.32 59.88 92.55

A 1414.12 1193.49 910.56 608.32 529.36 382.83 325.90 256.27 203.15 165.62 134.11 111.55 94.78 75.74 62.91 50.71 49.58 53.60 54.76

B 2703.79 1615.82 1157.75 825.49 643.74 473.03 371.77 286.95 226.19 172.74 146.34 121.11 96.38 81.31 65.08 62.02 53.24 51.99 57.82

C 14603.40 1862.68 1361.38 973.15 704.63 543.30 397.97 306.53 246.16 187.42 151.64 126.20 100.85 84.85 67.50 65.99 56.45 54.37 58.20

D 2271.10 1901.64 1410.26 1070.84 800.97 569.41 428.04 328.83 257.81 197.22 156.66 122.00 99.93 87.98 67.61 68.67 57.47 53.68 64.29

E 2117.31 1851.93 1436.12 1069.04 797.52 583.22 437.80 329.57 256.26 199.58 161.46 127.88 103.32 85.56 67.59 66.36 55.75 58.32 63.70

F 1941.93 1802.10 1355.35 1078.85 775.19 574.71 424.95 332.40 259.78 201.78 159.00 124.57 98.43 86.06 69.59 62.78 57.75 63.78 50.18

G 2028.86 1601.22 1279.90 1000.93 719.58 566.02 420.28 309.99 243.87 197.51 151.28 127.32 93.45 77.73 69.58 64.84 61.41 60.65 63.44

H 1966.60 1602.08 1184.85 904.88 650.59 511.03 380.76 300.65 235.80 182.82 135.17 115.99 86.91 81.68 68.12 64.97 59.09 52.81 67.60
I 1520.82 1320.86 1003.06 816.97 633.55 466.68 359.34 281.42 221.93 165.79 137.62 112.17 101.74 74.61 70.36 64.41 52.57 52.47 57.48

A 1286.78 967.94 722.60 532.82 426.29 314.06 244.98 193.18 161.46 129.36 103.15 88.20 74.38 59.76 50.45 49.75 39.52 36.56 54.61

B 2156.39 1268.22 896.31 621.07 486.75 371.43 272.97 226.89 175.18 142.20 108.34 90.92 76.35 61.17 53.58 44.45 43.42 41.75 44.38

C 1987.84 1473.53 1003.07 733.68 547.25 406.02 317.41 243.87 196.62 145.35 117.54 96.55 68.72 65.18 57.51 41.60 45.40 47.43 49.20

D 1767.95 1513.60 1081.53 794.76 591.08 419.87 335.79 243.37 182.13 147.02 122.87 99.11 84.01 70.28 52.33 49.37 46.38 41.46 45.40

E 3949.33 1410.57 1037.62 786.42 609.08 452.82 339.20 222.58 199.13 151.07 119.23 100.43 82.71 56.99 50.59 43.22 41.54 46.13 45.83

F 1629.83 1396.36 1065.14 761.48 614.75 432.11 334.35 262.73 193.86 152.46 126.67 103.25 82.71 67.96 48.58 44.35 42.43 41.47 41.71

G 1535.88 1340.85 989.61 724.36 578.59 400.37 332.71 255.43 199.34 147.10 121.76 92.21 81.60 61.88 56.35 43.55 42.02 43.09 48.35

H 1594.88 1226.30 910.68 677.93 533.57 380.79 293.92 229.00 186.28 143.00 118.51 94.59 77.35 62.60 47.90 49.72 41.16 40.15 54.71

I 1135.41 955.43 769.13 594.12 469.73 334.70 272.68 204.67 178.37 137.44 122.33 100.75 68.57 60.38 53.56 47.15 48.40 49.24 50.36

A 932.49 587.79 438.30 328.72 270.71 200.21 160.08 126.87 112.55 82.04 71.41 61.71 48.20 40.79 31.20 32.59 28.34 25.19 33.64

B 1463.46 799.25 557.58 409.85 320.78 238.68 182.40 144.84 114.18 89.31 77.68 62.97 46.64 39.82 35.74 32.58 30.21 29.28 31.70

C 1313.85 929.37 655.98 467.82 340.28 269.23 197.92 160.56 123.32 96.06 79.30 64.79 43.29 45.78 32.29 28.26 29.88 29.88 31.93

D 1175.80 963.60 695.35 483.29 381.42 278.32 215.81 167.70 122.39 102.55 80.46 64.18 54.26 34.74 33.97 29.04 27.79 28.20 36.06

E 1106.33 928.36 700.02 528.26 386.17 287.07 223.99 164.44 131.48 105.51 83.12 66.93 51.97 39.50 33.19 31.80 26.15 27.86 31.78

F 1000.55 920.62 676.26 506.31 393.11 292.44 224.07 170.92 129.32 104.25 82.28 66.82 53.51 41.99 38.97 33.11 32.84 30.41 32.30

G 1035.80 858.86 688.31 485.38 387.11 292.25 214.11 157.27 128.31 101.45 79.54 62.51 52.15 44.92 37.90 34.22 29.56 27.89 32.33

H 1006.20 757.88 582.77 438.00 351.41 260.27 198.94 155.90 123.11 99.78 81.06 63.07 47.13 46.39 33.67 34.31 27.46 31.76 32.49

I 756.61 641.47 543.17 384.99 333.07 247.26 198.34 153.32 125.17 97.26 80.45 63.11 56.17 41.14 38.59 31.38 25.98 27.03 33.09
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
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denoting area of dark zone 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka               Appendix 
 
 

200 
 

 

Daylight simulation results of H01 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1724.46 1626.34 1627.56 1290.22 1034.86 1015.27 727.40 635.17 566.37 474.14 414.54 362.47 321.92 287.44 264.62 261.23 245.92 204.30 197.02

B 2258.76 1932.18 1615.23 1383.69 1169.73 972.43 841.72 754.71 662.86 556.58 481.33 414.25 372.05 335.10 307.24 310.52 280.20 248.78 199.62

C 2271.72 2056.55 1733.61 1450.43 1215.97 1035.03 898.92 793.33 677.91 595.90 518.45 456.86 405.25 366.31 326.69 303.43 294.81 279.32 254.29

D 2305.82 2090.99 1780.76 1502.17 1272.68 1063.55 921.85 804.20 705.49 609.25 542.38 483.30 434.50 380.93 351.46 317.60 302.70 278.17 485.21

E 2311.16 2116.08 1808.14 1536.47 1274.31 1086.90 928.59 809.87 714.60 622.58 536.11 476.47 426.29 372.73 342.82 325.20 290.61 270.84 229.34

F 2307.09 2113.13 1820.17 1524.18 1271.17 1085.67 931.91 813.25 710.61 620.54 533.99 490.13 435.65 406.65 357.82 304.52 289.87 262.03 231.59

G 2320.55 2075.41 1759.03 1485.81 1237.09 1054.36 901.25 806.90 720.40 609.45 547.30 476.43 414.90 369.08 354.62 312.16 270.87 260.14 265.81

H 2285.35 1945.09 1653.79 1415.35 1209.56 1023.28 893.32 794.51 699.53 601.49 542.46 482.44 407.10 395.21 357.64 308.00 271.10 285.33 279.63

I 1802.90 1662.90 1442.74 1488.75 1085.46 1173.00 850.73 732.60 690.67 654.65 458.71 437.55 355.13 340.65 608.84 292.60 261.21 346.35 212.86

A 1722.73 1583.99 1304.74 1049.27 850.54 682.32 544.63 441.51 358.48 291.30 241.49 196.75 167.82 132.36 122.23 109.19 92.33 93.13 109.87

B 2296.38 1875.22 1493.32 1186.80 938.73 745.14 589.97 469.60 383.26 312.44 255.15 210.74 175.72 141.97 123.10 111.08 104.91 95.29 107.96

C 2333.17 2016.09 1607.24 1263.47 992.95 792.74 619.04 493.41 393.33 321.54 262.29 216.42 179.17 150.55 132.86 110.54 109.67 107.45 107.07

D 2364.74 2068.78 1656.18 1318.37 1030.94 810.00 641.53 508.13 406.00 329.55 268.36 220.24 184.42 150.41 133.67 120.49 106.56 101.39 109.94

E 2361.56 2077.78 1672.58 1336.49 1049.66 833.00 648.44 514.52 409.40 332.44 266.95 218.25 171.27 152.26 126.41 114.93 107.10 108.91 113.69

F 2364.50 2066.68 1669.08 1311.34 1034.33 811.48 643.59 507.28 407.03 330.28 268.09 221.68 184.72 156.09 128.15 114.11 106.10 104.95 103.22

G 2359.34 2007.17 1603.22 1261.89 999.06 792.40 624.00 497.37 398.13 321.07 263.73 218.00 179.36 153.82 131.67 104.99 107.87 104.74 110.45

H 2334.05 1870.32 1494.97 1188.20 942.55 750.85 594.76 475.47 380.51 312.80 254.98 210.57 176.03 146.43 126.88 114.69 106.86 104.34 104.67

I 1683.66 1573.18 1302.50 1061.52 846.06 691.28 550.98 446.80 361.36 298.02 243.43 203.22 167.63 142.71 123.10 109.76 100.31 92.99 110.10

A 2096.29 1836.59 1505.40 1197.95 961.51 764.19 617.66 497.29 404.07 325.72 271.07 220.73 186.49 156.78 131.60 118.23 108.73 97.53 111.39

B 2761.24 2183.36 1712.80 1350.81 1066.31 842.06 662.72 529.74 429.18 348.61 285.89 234.57 197.20 160.02 142.98 115.71 104.00 110.62 110.70

C 2812.93 2342.62 1846.65 1442.69 1129.47 888.12 705.12 558.81 447.05 358.85 294.71 240.58 199.26 168.30 138.10 126.95 120.63 112.34 120.95

D 2827.90 2391.57 1908.34 1496.43 1173.00 922.92 724.93 573.71 455.83 370.44 298.66 247.17 202.71 173.48 144.72 127.70 119.49 117.08 116.10

E 2851.08 2427.01 1936.34 1524.55 1192.00 939.52 732.34 576.20 459.40 371.31 303.40 247.77 203.28 173.02 150.23 132.44 121.71 110.36 112.47

F 2854.63 2416.74 1927.79 1511.67 1181.49 918.49 728.41 569.12 460.01 369.07 301.07 240.76 203.35 170.25 141.50 131.83 117.70 119.39 122.52

G 2861.12 2367.92 1858.13 1457.39 1134.08 894.73 701.32 552.88 449.43 361.93 293.72 238.62 200.02 163.47 147.08 126.18 122.18 115.83 122.84

H 2857.07 2200.74 1718.27 1353.76 1067.25 840.81 666.42 531.13 429.63 348.34 284.32 232.60 194.76 165.40 138.12 126.41 112.52 114.69 120.85

I 2005.89 1840.20 1488.53 1201.21 971.55 776.40 616.00 495.54 396.16 329.10 268.21 223.04 179.13 155.67 131.70 116.14 112.71 106.75 105.55

A 2754.34 2256.75 1772.20 1409.42 1110.69 880.45 708.87 569.39 457.96 369.61 306.72 252.06 208.00 174.74 147.46 133.49 116.17 107.37 115.66

B 3532.44 2677.71 2028.45 1573.14 1234.98 968.52 762.69 605.37 486.48 394.61 321.40 261.45 220.52 185.03 159.08 131.19 116.91 127.83 136.17

C 3564.68 2851.18 2179.75 1696.43 1307.31 1018.63 802.94 633.70 508.61 407.83 327.80 271.45 221.79 185.03 163.43 143.80 128.38 118.14 132.51

D 3602.70 2907.56 2252.04 1754.58 1354.27 1060.38 825.26 653.28 517.24 414.32 338.37 275.57 226.73 186.87 158.12 137.25 135.31 130.50 132.95

E 3633.51 2942.47 2285.47 1779.69 1369.36 1071.80 834.43 656.26 519.53 421.69 337.41 271.25 229.02 189.02 164.45 148.66 123.75 130.99 136.54

F 3662.36 2931.75 2278.36 1766.63 1358.48 1051.57 833.31 650.40 519.14 416.22 337.60 273.93 230.40 184.04 163.30 148.67 123.13 131.39 129.75

G 3662.87 2890.99 2191.52 1690.94 1304.42 1018.91 797.14 633.77 502.39 404.18 329.76 269.85 224.34 191.65 163.84 140.25 131.75 131.49 130.83

H 3723.31 2645.35 2007.63 1575.62 1222.64 961.25 759.91 602.05 486.21 390.78 316.28 262.68 219.35 182.47 147.54 139.22 124.88 125.82 128.11

I 2480.51 2147.19 1727.83 1379.11 1098.75 874.73 694.26 562.71 450.94 367.56 301.54 251.62 210.13 171.87 146.20 135.34 124.30 114.19 114.09

A 3861.22 3178.69 2425.52 1875.98 1469.51 1148.77 893.32 699.04 555.81 444.85 358.29 296.82 239.22 200.67 176.61 153.56 132.74 128.25 127.96

B 4672.30 3679.28 2795.34 2134.79 1642.55 1273.57 981.19 756.07 596.96 475.73 384.32 307.67 254.07 213.34 181.91 155.68 144.87 140.24 141.65

C 4757.53 3878.12 2993.53 2328.73 1772.65 1354.60 1035.26 799.41 626.08 494.07 395.14 320.15 264.24 216.33 185.83 155.23 149.56 144.08 135.02

D 4814.78 3966.21 3082.94 2393.85 1839.99 1404.86 1066.33 825.01 634.72 505.62 403.60 326.77 267.55 221.01 181.69 165.72 146.19 131.91 139.30

E 4860.33 3971.74 3132.35 2426.02 1854.50 1416.19 1077.28 834.91 641.61 507.55 412.14 326.52 267.72 220.92 189.87 160.56 138.33 141.04 137.75

F 4848.12 3965.48 3106.28 2366.23 1824.68 1384.95 1062.48 821.15 635.69 500.21 399.51 313.97 263.58 220.69 187.10 161.73 150.71 138.82 150.09

G 4812.75 3860.94 2962.43 2273.70 1724.94 1331.71 1013.31 789.09 614.90 484.98 381.33 313.78 259.88 217.15 183.18 156.67 143.24 138.89 145.82

H 4829.12 3560.72 2692.47 2064.81 1591.51 1229.61 947.63 741.02 586.32 462.30 374.74 301.98 246.78 207.68 174.39 154.53 133.86 138.14 146.05

I 3372.97 2884.61 2267.82 1775.40 1390.36 1095.81 856.97 677.30 535.16 424.01 349.42 287.02 237.32 200.41 169.63 149.60 136.78 124.43 161.26

A 45839.70 4172.72 3130.66 2402.80 1861.58 1429.76 1130.53 887.70 698.42 549.55 448.49 358.70 299.78 248.13 200.88 177.52 159.93 139.80 196.86

B 46525.00 4694.62 3582.96 2720.02 2108.17 1609.96 1235.63 957.04 745.84 587.21 468.30 379.27 294.76 255.41 209.07 184.85 167.85 159.40 164.70

C 46584.90 4854.92 3799.90 2940.55 2252.57 1716.95 1310.96 1010.91 781.16 614.78 481.19 389.22 317.75 261.58 218.65 195.46 176.77 161.89 176.98

D 46648.70 4968.47 3896.60 3050.61 2343.58 1782.94 1358.79 1038.31 802.88 636.18 496.45 399.06 308.46 265.80 227.71 193.20 176.09 170.99 158.53

E 46651.10 4993.76 3927.95 3061.94 2347.33 1801.47 1369.54 1044.56 806.49 633.63 500.46 399.52 325.01 264.86 214.79 198.16 180.29 167.34 168.57

F 46626.30 4954.85 3881.56 2978.51 2295.40 1743.35 1340.68 1025.55 795.09 620.26 489.47 395.71 318.09 266.43 226.66 196.30 176.14 162.63 171.46

G 46558.10 4816.88 3685.29 2856.98 2189.19 1664.56 1276.42 987.18 761.22 601.18 480.57 385.52 313.23 261.23 222.36 192.68 170.38 164.11 169.51

H 46531.50 4506.68 3368.33 2596.88 2005.77 1536.83 1184.37 918.82 720.44 570.32 453.48 370.98 302.48 252.29 214.73 185.39 163.91 154.36 173.32

I 4289.84 3637.43 2858.14 2223.49 1731.37 1349.36 1057.17 832.58 660.29 528.88 432.92 349.64 286.40 238.26 202.78 175.39 154.55 152.64 149.69

A 41180.40 41508.20 4123.58 3209.62 2480.71 1907.66 1499.48 1169.09 921.95 740.83 581.45 469.77 387.86 316.92 271.12 225.28 202.48 186.88 188.06

B 42098.80 41261.10 4547.96 3504.45 2776.74 2134.22 1653.84 1267.98 995.74 789.57 618.58 498.80 401.04 328.52 261.54 233.37 202.62 205.26 216.16

C 42159.80 41397.90 4784.59 3775.11 2950.03 2280.55 1762.44 1352.67 1043.23 827.03 646.24 500.11 410.63 328.94 282.52 251.35 213.22 203.79 221.54

D 42236.30 41488.40 4879.45 3896.49 3054.52 2368.66 1834.48 1390.56 1072.70 848.41 659.84 526.86 418.79 351.70 285.21 247.00 210.66 211.81 219.28

E 42248.60 41495.60 4911.06 3882.11 3069.39 2384.01 1834.81 1403.84 1091.26 850.08 661.70 517.00 412.23 348.55 293.34 248.45 228.98 218.39 216.74

F 42206.80 41456.90 4864.64 3838.21 2992.72 2317.65 1799.65 1379.93 1070.87 839.14 650.19 508.92 407.87 335.31 286.00 249.70 216.30 208.73 225.03

G 42117.10 41321.70 4670.44 3658.72 2838.74 2210.84 1710.79 1320.99 1013.94 803.23 633.14 503.97 409.19 327.73 279.52 239.66 216.06 210.80 219.12

H 42041.10 41007.60 4271.46 3325.07 2609.30 2021.81 1571.32 1229.74 958.58 756.79 597.11 481.88 387.33 320.77 275.29 225.89 191.11 198.59 215.30

I 4941.63 4422.11 3693.16 2929.21 2293.78 1792.68 1402.47 1091.88 872.63 696.17 557.00 447.22 375.69 308.49 255.53 218.69 195.98 178.99 207.95

A 29483.00 29176.10 28728.00 28471.50 3144.55 2560.53 2026.71 1572.73 1254.83 1000.83 797.46 641.33 519.98 407.72 344.60 308.25 267.56 232.26 246.00

B 30534.70 30060.40 29293.00 28575.90 3346.43 2722.12 2190.48 1732.77 1378.70 1090.05 864.06 654.91 550.34 427.83 371.70 301.99 278.68 252.22 275.52

C 30624.00 30268.50 29565.60 28839.70 3516.23 2885.85 2340.46 1847.22 1460.72 1154.04 909.00 706.94 565.55 466.13 388.27 327.01 299.63 272.96 283.53

D 30691.90 30361.10 29690.30 28917.30 3649.40 2981.78 2443.18 1916.84 1517.35 1200.65 942.49 731.75 591.28 483.28 388.65 331.95 266.59 285.50 283.50

E 30724.20 30382.60 29722.80 28956.90 3672.46 3016.49 2442.94 1923.17 1522.17 1212.65 952.75 747.41 566.79 447.74 385.14 336.79 303.81 266.54 270.92

F 30707.00 30335.40 29677.80 28889.40 3621.18 2951.43 2401.15 1892.19 1495.98 1184.91 905.18 715.73 558.13 463.10 373.85 341.53 284.85 287.75 283.92

G 30610.70 30213.50 29537.60 28739.40 3486.21 2818.39 2308.50 1814.44 1435.42 1144.04 897.79 711.08 566.22 424.66 344.10 321.65 283.69 264.85 272.67

H 30520.30 29935.70 29183.40 28424.50 3208.08 2626.17 2113.36 1675.51 1334.41 1059.91 821.72 670.59 533.17 417.32 360.47 306.34 266.47 257.90 268.25

I 29303.80 4359.81 3949.59 3478.13 2972.11 2447.02 1931.08 1530.27 1207.81 973.69 765.11 561.72 494.90 398.19 310.60 298.11 256.06 232.49 285.61

A 13597.80 2720.76 2540.66 2346.42 2206.48 1998.92 1840.44 1688.45 1548.01 1394.28 1218.45 1023.44 838.11 677.92 551.91 430.18 369.08 361.38 344.26

B 14527.80 14199.90 13771.70 13423.20 13147.60 12884.10 12701.60 12517.00 12341.20 1461.98 1278.81 1083.98 891.20 717.28 616.46 512.51 441.20 398.42 382.51

C 14560.00 14373.20 14016.80 13676.00 13337.00 13067.10 12855.70 12647.50 12453.60 1547.08 1347.56 1155.14 960.27 792.00 638.28 532.72 474.28 417.16 406.41

D 14602.50 14428.80 14120.00 13796.70 13483.10 13195.00 12966.10 12732.70 12528.00 1624.99 1414.32 1202.96 1012.05 749.36 672.14 532.12 483.37 437.19 384.97

E 14620.10 14465.50 14159.90 13841.00 13545.30 13267.00 13034.10 12773.80 12562.90 1659.44 1419.63 1176.04 1025.35 835.49 662.30 553.39 481.32 428.09 383.07

F 14604.60 14452.90 14143.90 13828.70 13531.30 13233.20 13015.60 12761.00 12566.40 1653.90 1432.23 1226.11 1015.94 805.16 634.34 556.57 494.04 442.55 383.42

G 14574.80 14398.10 14073.00 13720.80 13446.70 13179.10 12948.60 12712.20 12519.10 1611.96 1402.48 1185.71 989.61 765.55 677.85 564.34 467.76 422.33 396.64

H 14553.50 14253.30 13880.10 13585.30 13367.80 13090.50 12866.50 12622.70 12430.80 1509.05 1342.29 1126.11 952.25 771.89 630.83 500.25 438.95 395.28 427.54

I 13757.00 13640.90 13461.80 13353.60 13403.20 13214.20 12999.10 12736.90 12371.20 1509.00 1310.87 1068.21 887.96 685.56 592.30 475.76 409.77 353.71 393.67
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H02 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1879.65 2040.49 2185.70 1748.02 1308.96 1024.14 796.88 621.48 492.08 402.49 361.21 299.71 246.69 204.62 184.91 174.96 162.92 148.71 258.41

B 2487.49 2434.01 2395.16 1891.43 1340.12 1011.98 801.02 637.70 517.78 427.85 356.27 294.22 243.94 199.75 189.69 172.24 170.08 158.67 178.42

C 2470.11 2622.65 2468.00 1820.29 1487.38 1008.20 808.24 689.31 504.07 422.99 359.24 294.62 244.64 213.44 189.20 172.93 162.72 160.89 158.64

D 2415.32 2689.49 2447.21 1880.03 1520.58 1108.92 828.86 668.94 554.37 423.64 361.09 306.82 241.63 217.15 191.34 158.36 165.01 162.64 179.14

E 2460.98 2700.03 2470.67 2014.54 1536.35 1042.05 836.09 671.88 554.92 434.71 363.54 295.23 257.23 212.15 186.69 172.36 162.62 168.09 176.58

F 2451.22 2582.80 2607.48 2138.20 1392.84 1091.78 805.06 686.25 542.29 423.65 362.97 300.43 257.61 210.11 193.97 161.89 170.90 167.19 181.09

G 2386.33 2659.60 2514.56 1810.32 1427.57 1093.64 812.20 631.30 529.81 419.89 353.32 289.87 254.21 210.93 193.08 175.28 161.89 173.65 179.11

H 2390.77 2273.97 2281.95 1761.08 1354.73 1067.05 752.62 631.91 526.54 413.60 340.97 285.42 252.01 210.10 185.87 173.40 159.57 167.27 185.69

I 1903.68 2157.24 2092.72 1521.24 1232.65 868.70 730.71 661.73 491.37 397.49 365.83 283.86 236.05 205.03 186.48 170.76 170.40 152.08 187.22

A 2369.28 2472.43 2149.69 1844.40 1355.36 1112.10 882.98 693.08 531.90 446.24 356.11 318.41 255.27 245.76 197.79 196.96 164.99 175.13 273.71

B 2799.82 2708.58 2506.62 1999.87 1458.47 1171.29 883.09 705.19 545.62 467.41 405.97 329.77 275.49 238.61 210.76 189.29 172.74 178.22 200.34

C 2888.80 2864.59 2531.38 2022.95 1549.98 1191.70 887.44 731.99 600.00 466.71 389.33 326.73 279.72 232.06 210.52 197.58 180.26 178.64 184.91

D 2819.94 2879.67 2767.95 2182.36 1587.94 1224.66 933.81 735.54 589.87 486.12 401.17 343.88 293.23 241.96 210.90 187.62 175.83 174.43 200.24

E 2901.54 2954.01 2510.05 2161.99 1588.32 1166.00 929.06 742.90 589.18 473.09 409.79 337.15 282.59 241.87 218.38 193.06 172.81 181.57 191.15

F 2835.34 2970.33 2633.78 2064.03 1544.13 1227.99 888.35 746.29 602.38 484.08 405.35 338.94 268.48 238.65 213.82 188.51 179.62 185.00 177.07

G 2829.92 3027.84 2520.97 2048.01 1535.66 1128.84 918.82 723.95 580.17 484.27 407.96 331.33 271.83 228.28 207.63 186.84 176.18 178.00 194.64

H 2782.78 2748.83 2378.53 1878.89 1503.32 1185.50 880.02 705.53 563.97 471.53 392.15 316.84 275.49 232.49 203.55 186.57 175.18 179.43 203.70

I 2057.22 2193.02 2208.52 1667.66 1356.38 956.74 840.71 685.48 557.93 408.81 357.99 320.43 277.20 207.09 210.22 177.04 176.40 168.24 207.14

A 2796.92 2576.90 2218.44 1794.98 1405.66 1145.25 894.81 740.82 560.24 466.91 408.83 365.14 292.47 235.82 239.99 215.27 199.12 185.78 210.25

B 3293.10 2925.74 2372.10 1859.11 1471.08 1174.70 921.08 741.39 611.53 501.91 428.42 354.43 303.66 264.32 234.53 209.27 198.43 190.10 221.78

C 3355.39 3001.68 2589.58 1930.18 1516.73 1233.79 954.48 774.96 629.28 504.64 430.51 352.66 295.84 264.19 233.08 209.49 187.75 197.22 214.41

D 3295.61 3052.14 2530.18 2011.84 1565.99 1216.28 964.07 794.04 620.76 511.91 428.75 356.62 294.71 263.20 230.92 201.19 187.88 190.01 187.93

E 3326.17 3024.38 2598.73 2026.95 1569.95 1236.34 970.53 778.51 630.84 519.86 434.75 361.12 305.85 254.77 229.36 197.43 189.93 192.73 179.83

F 3297.46 3001.33 2546.25 1989.85 1540.82 1228.51 964.05 773.53 627.82 515.37 429.23 360.12 298.28 261.16 225.15 204.48 191.89 193.10 172.23

G 3250.00 2947.51 2480.66 1922.42 1504.88 1185.31 959.23 763.71 607.82 507.58 423.23 354.14 301.61 251.38 219.07 202.41 184.45 194.20 193.68

H 3262.54 2747.24 2296.24 1841.69 1466.58 1164.48 917.58 752.76 605.83 501.36 417.68 347.26 285.46 254.45 224.27 200.97 182.70 184.71 205.17

I 2316.96 2356.91 2074.31 1594.97 1347.63 1094.22 860.46 708.55 563.59 437.44 391.98 302.83 270.18 240.83 212.16 189.44 191.66 188.81 235.87

A 3327.13 2771.55 2133.01 1781.84 1443.54 1174.73 957.30 776.68 557.50 528.23 425.76 327.69 313.05 268.26 216.87 218.86 193.18 180.32 211.92

B 4078.01 3143.95 2362.41 1872.59 1500.03 1203.30 973.72 771.88 630.13 522.25 441.83 352.88 305.66 262.40 232.43 213.73 199.33 197.50 196.89

C 4092.71 3174.09 2468.15 1931.50 1534.93 1230.26 986.81 793.26 658.91 530.38 429.83 367.44 310.05 267.45 235.64 208.86 205.11 204.03 223.97

D 4110.15 3223.62 2490.41 1981.26 1570.35 1263.12 992.88 797.30 645.61 537.49 441.41 363.50 314.79 270.51 232.82 211.49 200.73 198.82 209.45

E 4085.39 3212.93 2501.83 1987.52 1569.94 1263.26 1001.94 801.71 651.27 529.15 433.32 371.43 307.63 264.11 229.31 210.89 194.51 193.57 216.01

F 4044.88 3168.02 2460.48 1961.52 1551.46 1239.40 985.97 795.02 653.93 539.11 439.47 365.16 299.69 267.21 232.34 205.23 194.32 191.06 188.86

G 4069.89 3089.97 2355.02 1896.26 1533.35 1213.00 969.82 784.68 637.22 526.94 436.55 361.13 302.01 256.10 227.97 209.37 197.02 200.21 210.64

H 4050.56 2931.52 2298.69 1808.87 1448.33 1172.38 932.39 756.38 622.35 510.51 423.25 357.32 302.34 255.74 224.96 208.45 194.45 196.56 208.71

I 2846.03 2376.59 2076.63 1643.90 1311.56 1092.85 903.11 680.10 593.67 471.37 399.42 325.69 266.01 243.65 211.32 199.91 184.70 188.16 207.65

A 5352.68 3866.40 2916.62 2254.03 1817.53 1437.47 1178.55 933.37 775.52 601.29 484.70 425.33 334.91 323.11 281.48 250.66 217.84 218.11 271.13

B 5214.87 4099.69 3104.34 2434.17 1925.63 1527.51 1220.60 966.75 781.77 639.61 515.52 438.88 367.11 307.04 271.51 245.63 232.36 222.41 235.04

C 5108.41 4120.86 3185.20 2514.60 1983.60 1551.01 1229.45 983.88 794.15 638.15 525.18 436.34 365.78 316.57 274.19 244.51 229.72 227.55 250.20

D 5017.94 4056.95 3235.03 2573.36 2012.96 1596.03 1255.85 1002.45 805.10 644.24 533.82 442.73 372.17 310.56 278.71 242.80 223.88 226.08 207.38

E 4961.41 4038.92 3244.20 2551.87 2012.53 1595.56 1275.15 999.43 802.70 648.50 529.74 436.76 372.91 312.28 272.31 241.74 230.35 220.23 194.92

F 5004.45 4048.45 3148.55 2515.65 1979.86 1570.22 1235.60 985.86 791.61 655.64 528.10 441.54 365.02 314.61 262.86 239.60 228.06 226.38 251.95

G 5011.69 3971.03 3104.26 2403.12 1922.47 1505.95 1218.91 959.98 786.60 629.50 518.31 425.24 351.89 299.69 259.31 239.82 228.77 221.99 240.02

H 4963.12 3719.93 2856.63 2294.10 1835.84 1454.13 1147.23 928.63 750.69 626.14 502.37 423.28 351.33 294.90 255.17 236.63 223.94 222.47 237.12

I 3725.02 3230.24 2573.29 2080.14 1694.64 1346.38 1060.69 831.93 695.94 548.15 491.64 403.27 330.14 270.82 250.95 234.57 223.75 218.40 249.89

A 47313.60 6473.69 4683.67 3515.11 2782.15 2174.32 1709.66 1308.23 1043.80 885.81 727.66 604.77 506.68 424.10 385.00 335.28 305.38 250.11 353.18

B 47559.20 5934.05 4722.64 3693.59 2928.68 2318.58 1784.72 1376.05 1091.02 893.15 734.12 600.18 498.90 433.00 373.41 332.59 301.17 301.33 308.09

C 47468.80 5892.88 4810.56 3857.98 3052.01 2380.53 1849.97 1447.37 1139.31 920.66 734.94 596.70 504.29 428.03 372.78 328.33 311.53 303.20 328.90

D 47448.10 5967.26 4836.32 3850.31 3075.60 2417.30 1864.14 1465.62 1163.61 929.23 748.81 606.47 510.19 435.91 375.97 333.38 305.72 292.05 334.37

E 47420.20 5911.57 4800.97 3876.01 3083.06 2428.78 1900.92 1484.31 1175.66 925.31 758.74 605.69 497.56 425.92 367.47 318.06 298.58 292.58 320.48

F 47315.90 5833.13 4690.99 3810.02 3022.16 2402.21 1869.92 1479.26 1141.55 917.91 722.49 611.68 502.35 423.42 368.03 320.53 300.93 281.93 237.57

G 47290.00 5651.64 4572.09 3651.55 2948.99 2271.67 1786.81 1408.66 1124.26 894.32 726.41 581.48 501.50 408.25 367.93 321.91 292.19 286.97 298.91

H 47256.90 5512.12 4327.16 3452.84 2710.79 2147.85 1698.18 1368.87 1082.39 868.50 702.03 576.25 476.26 409.43 357.83 315.94 293.77 287.97 307.74

I 5148.78 4847.06 3836.19 3186.54 2494.90 1951.37 1597.16 1072.36 1035.69 743.32 674.44 520.78 447.92 346.64 344.03 306.61 288.21 274.98 315.03

A 43334.80 44324.10 42007.20 5112.95 3926.27 3110.59 2464.83 1928.81 1498.46 1150.38 984.59 763.59 671.38 599.00 510.83 455.96 384.95 368.40 429.52

B 43455.00 43107.20 41848.40 5118.59 4112.49 3267.01 2574.17 2004.73 1591.47 1272.27 1004.30 822.53 686.82 584.12 490.75 433.06 402.11 385.99 437.19

C 43473.10 43117.40 41901.70 5200.10 4247.36 3398.97 2688.15 2089.21 1686.03 1317.37 1057.09 851.29 678.64 568.18 511.46 440.83 415.53 392.02 439.32

D 43461.20 43024.10 41897.00 5303.10 4356.44 3510.59 2727.64 2157.95 1697.87 1352.85 1070.07 855.22 698.73 596.62 502.78 448.20 412.57 404.18 405.33

E 43405.90 43047.40 41901.70 5298.61 4346.98 3477.72 2725.75 2172.24 1728.91 1337.82 1070.69 861.86 698.47 585.50 506.04 450.50 408.21 395.79 405.06

F 43353.70 42943.80 41803.60 5258.75 4252.36 3443.24 2720.88 2132.88 1676.43 1346.02 1063.31 856.48 684.01 581.05 497.95 432.49 400.08 388.68 427.09

G 43344.60 42863.10 41711.70 5030.01 4095.88 3266.44 2594.99 2067.97 1623.73 1299.51 1030.78 820.65 670.13 566.07 488.36 433.48 400.42 386.75 355.26

H 43320.30 42640.70 41413.70 4811.13 3932.95 3134.16 2477.78 1955.33 1563.61 1246.05 985.76 803.00 660.47 552.78 475.62 419.41 382.24 376.48 394.12

I 6581.55 6488.70 5884.79 4495.62 3470.05 2801.39 2180.13 1815.84 1444.18 1083.95 951.71 730.30 593.92 535.41 443.22 416.90 378.24 304.51 396.82

A 31566.70 31222.20 31357.80 31222.90 5677.68 4622.22 3600.40 2851.77 2199.03 1800.15 1413.00 1175.91 996.76 805.93 711.97 609.64 565.91 541.37 628.20

B 32056.10 32072.70 31461.20 30690.90 5409.61 4540.86 3741.92 3014.97 2399.66 1929.37 1562.48 1250.16 1002.74 839.22 723.50 635.85 542.70 527.67 571.36

C 32101.70 32156.20 31653.50 30845.80 5488.48 4678.20 3848.59 3107.61 2515.34 1999.83 1573.14 1285.21 1045.69 819.55 732.24 624.60 566.24 541.14 481.85

D 32144.20 32142.20 31677.40 30907.20 5543.65 4731.47 3920.03 3223.74 2579.14 2054.41 1607.47 1299.59 1051.34 867.43 728.61 633.47 573.03 532.28 568.20

E 32121.10 32165.00 31616.60 30939.10 5574.54 4737.24 4003.17 3235.23 2567.72 2053.21 1604.87 1280.81 1053.10 861.92 723.94 638.59 571.08 553.76 595.39

F 32025.40 32153.70 31671.30 30881.60 5545.86 4697.52 3881.92 3164.75 2563.07 1982.47 1594.80 1314.98 1020.42 857.18 715.48 632.72 582.10 550.89 520.46

G 32033.30 32027.10 31459.80 30694.20 5293.01 4518.68 3734.93 3007.31 2427.66 1956.06 1563.43 1235.05 1027.09 839.93 687.13 595.93 550.82 518.24 521.96

H 31995.40 31863.50 31287.60 30508.00 5152.95 4332.97 3593.34 2864.36 2334.79 1834.25 1475.20 1157.01 981.15 794.79 664.76 587.94 539.91 504.44 520.78

I 31225.10 6525.63 6690.93 5805.75 4802.89 4334.31 3371.47 2555.62 2111.15 1544.59 1386.27 1073.28 884.35 795.62 641.80 519.17 491.86 511.77 591.36

A 14809.00 4323.06 4296.10 3980.53 4076.08 3910.76 3685.64 3325.76 3188.98 2633.88 2464.66 2034.51 1704.01 1404.43 1222.22 1019.43 893.01 844.71 895.77

B 15497.80 15508.40 15246.40 15015.40 14808.10 14608.30 14323.60 14049.30 3058.32 2791.99 2435.63 2124.03 1773.32 1490.92 1241.96 1033.15 929.17 858.63 859.64

C 15528.20 15586.00 15386.10 15155.20 14909.40 14707.30 14436.60 14168.30 3180.02 2873.53 2521.22 2180.18 1829.92 1523.52 1291.40 1078.86 941.27 858.03 903.62

D 15602.00 15646.30 15523.10 15267.20 15060.40 14844.20 14615.10 14275.50 3295.30 2943.40 2589.55 2199.25 1863.60 1557.18 1304.25 1089.37 955.31 898.84 918.17

E 15592.40 15644.60 15567.20 15320.20 15131.40 14900.40 14682.10 14361.90 3361.10 3042.50 2641.94 2240.02 1896.51 1584.38 1322.54 1115.26 960.43 900.58 927.74

F 15576.00 15691.40 15504.10 15354.70 15099.30 14857.30 14641.40 14384.70 3381.84 3029.21 2649.87 2254.55 1810.56 1547.06 1276.43 1098.17 960.83 880.05 877.21

G 15551.80 15621.40 15487.00 15240.90 15050.30 14823.20 14602.40 14314.70 3325.03 2989.19 2558.64 2222.05 1874.84 1554.24 1241.25 1067.09 917.94 858.75 865.99

H 15527.70 15506.10 15317.10 15153.60 15018.20 14792.70 14519.20 14252.70 3240.24 2863.08 2560.64 2175.97 1749.89 1457.00 1227.42 1029.36 908.26 829.94 825.73

I 14874.80 14821.00 15169.90 14963.50 15319.60 15107.40 14787.10 14258.00 3139.68 2999.70 2520.67 2101.33 1671.38 1253.99 1129.30 935.00 874.61 736.90 796.59
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H03 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1440.21 1317.69 1073.67 872.99 710.22 574.84 466.44 370.22 300.41 244.19 206.29 170.58 146.17 122.45 99.96 82.66 80.16 75.92 82.79

B 1932.99 1567.77 1250.97 980.57 782.65 628.43 495.75 398.36 323.74 263.13 217.64 181.57 149.13 121.44 100.60 89.53 87.20 85.78 93.62

C 1946.14 1670.56 1335.52 1062.59 834.43 648.32 518.64 418.21 337.32 273.84 220.35 180.25 147.41 123.11 109.59 98.64 88.36 92.39 92.94

D 1954.63 1713.31 1382.45 1091.50 860.43 681.59 542.76 427.14 344.72 278.22 223.14 186.42 149.50 125.43 113.45 100.56 84.82 89.28 90.17

E 1948.97 1723.40 1406.65 1120.05 872.42 690.04 548.53 437.05 349.12 283.96 229.59 177.20 156.33 131.67 109.62 102.75 93.05 88.75 93.25

F 1968.42 1721.70 1386.55 1111.20 873.45 686.06 544.74 430.15 347.10 273.28 229.38 187.48 153.43 128.07 110.77 96.93 94.34 85.23 90.46

G 1972.08 1663.05 1342.67 1049.19 840.77 661.76 524.06 419.96 336.84 273.45 224.65 184.84 149.50 131.47 103.61 92.73 81.36 91.01 98.01

H 1981.40 1580.28 1255.47 1007.83 788.73 628.53 505.85 402.80 327.09 262.08 215.98 175.95 148.44 124.85 104.24 97.06 85.94 88.91 90.43

I 1473.41 1351.76 1110.08 878.08 722.49 579.39 467.18 383.70 308.07 254.59 205.65 166.44 146.63 119.96 94.97 92.08 88.39 83.79 104.08

A 1671.56 1490.59 1235.10 995.71 803.40 645.45 501.13 426.17 342.86 279.81 230.73 193.21 158.46 132.56 116.56 94.18 96.04 91.49 106.36

B 2206.23 1769.23 1409.32 1128.61 897.33 709.01 564.75 451.74 364.73 298.09 241.10 200.91 166.34 135.85 118.27 106.14 98.19 95.16 96.87

C 2233.32 1903.84 1532.81 1208.13 956.88 751.70 590.11 475.41 383.91 306.97 250.47 205.43 159.88 138.31 122.79 105.98 100.43 95.40 101.20

D 2231.74 1944.26 1569.64 1245.61 988.88 772.88 611.05 486.97 374.07 312.85 254.88 210.27 170.36 145.99 125.16 113.64 95.58 94.27 103.69

E 2243.47 1977.99 1596.68 1275.55 1000.33 791.10 618.77 492.20 387.13 311.44 256.00 211.28 173.66 142.08 125.08 110.97 104.16 101.78 100.94

F 2257.64 1958.01 1593.62 1270.08 994.34 778.28 620.70 486.55 392.92 319.01 254.22 208.63 167.41 146.48 118.42 106.70 100.70 102.07 99.14

G 2265.08 1908.88 1520.27 1211.74 962.80 753.26 589.22 477.16 383.06 308.88 244.55 206.50 168.66 135.05 115.81 109.15 102.38 100.27 102.02

H 2283.38 1824.75 1433.77 1140.01 905.30 718.97 566.65 459.10 363.10 301.20 241.83 192.98 168.93 141.21 119.30 99.09 102.97 95.57 96.33

I 1654.79 1502.06 1254.31 1010.97 814.92 661.43 523.72 425.77 342.64 279.24 229.94 191.78 159.93 134.39 115.22 98.93 93.76 92.38 100.38

A 1944.95 1735.27 1416.94 1142.04 918.88 730.13 592.21 475.87 387.26 313.88 257.71 211.13 175.66 141.69 131.34 113.91 103.48 102.55 119.83

B 2565.53 2047.81 1606.58 1276.41 1014.08 810.02 636.36 512.80 411.38 333.36 272.24 223.38 188.67 158.27 130.96 113.40 110.52 111.39 114.80

C 2573.61 2181.34 1745.07 1383.69 1071.54 849.41 670.64 530.86 431.44 345.49 280.07 231.57 185.64 153.30 138.83 115.83 116.64 113.01 110.74

D 2624.81 2220.02 1804.64 1437.70 1107.20 883.58 690.90 551.05 438.83 354.60 288.54 234.66 194.84 163.86 136.60 120.56 113.72 113.61 115.03

E 2618.12 2258.91 1828.20 1459.77 1143.65 892.13 698.78 551.18 439.26 356.00 287.77 237.99 195.78 157.15 140.23 123.74 110.63 109.98 106.86

F 2675.67 2247.65 1846.95 1425.91 1118.40 872.35 698.83 546.90 438.80 353.99 288.34 233.20 194.52 162.48 139.53 118.90 111.17 108.59 115.62

G 2658.68 2234.43 1751.19 1377.90 1085.00 849.50 677.17 539.13 430.26 345.80 284.09 228.54 189.03 157.30 134.79 115.67 103.59 103.91 110.42

H 2727.37 2081.26 1624.92 1283.90 1012.74 812.14 647.18 508.19 410.75 332.27 271.59 218.99 183.27 154.18 134.28 121.10 110.03 109.61 115.19

I 1950.78 1753.78 1429.25 1147.02 922.50 741.29 585.07 471.84 381.82 314.60 255.69 211.60 177.57 135.10 125.91 112.47 97.97 92.45 116.42

A 2401.90 2002.78 1612.26 1296.96 1047.08 833.65 674.64 534.81 437.28 349.95 286.12 235.19 192.63 164.68 143.37 124.56 116.46 102.73 124.40

B 3137.34 2396.22 1851.87 1455.52 1151.49 913.09 716.67 570.76 466.82 372.54 303.65 245.46 206.34 168.80 150.26 127.54 116.88 116.91 130.28

C 3140.31 2545.24 1989.40 1569.01 1218.98 950.24 754.14 604.73 474.27 382.02 307.64 254.77 209.09 174.55 144.49 133.62 124.20 113.43 128.65

D 3166.60 2594.12 2060.11 1619.60 1266.86 989.83 777.24 617.08 494.02 393.30 316.79 257.28 214.23 180.78 154.70 135.17 122.85 120.41 124.12

E 3197.06 2617.13 2103.74 1640.28 1281.89 1002.87 788.30 626.28 494.36 391.54 321.52 256.37 217.28 179.94 154.85 131.10 125.11 119.98 110.31

F 3224.61 2627.63 2108.81 1650.11 1280.54 991.83 777.66 610.57 485.79 391.45 317.02 259.74 213.85 169.33 149.19 129.71 118.52 116.76 116.09

G 3276.79 2619.35 1993.66 1562.63 1229.37 956.45 751.79 598.66 478.14 380.16 309.43 254.32 210.06 173.42 152.00 134.51 119.56 116.14 121.35

H 3412.82 2442.73 1859.20 1463.01 1147.92 905.96 707.13 569.22 456.48 368.72 299.77 241.39 203.11 166.18 138.17 120.66 115.72 116.68 119.92

I 2312.25 2009.61 1623.63 1302.29 1024.93 825.76 654.18 525.65 428.49 348.19 280.09 230.32 186.65 157.04 137.63 111.85 114.68 106.14 128.78

A 3302.09 2766.01 2136.93 1679.77 1313.34 1029.47 807.70 643.42 511.02 408.17 327.22 269.61 225.39 177.97 156.83 137.30 126.06 109.93 119.37

B 4120.77 3237.16 2489.01 1912.25 1472.44 1144.06 882.64 690.63 548.49 434.29 354.11 285.96 239.56 197.53 168.47 149.04 129.82 118.10 137.04

C 4170.94 3406.22 2682.32 2076.59 1581.79 1217.67 939.14 732.29 573.14 456.37 358.33 286.46 244.82 202.67 170.67 143.56 131.17 128.90 140.90

D 4245.83 3502.75 2740.18 2137.08 1641.09 1256.93 966.92 751.04 586.65 456.39 372.06 300.13 246.21 199.01 175.22 148.49 138.94 132.56 136.39

E 4282.35 3559.97 2799.35 2161.73 1657.14 1274.75 971.01 744.06 583.71 464.88 372.73 304.58 247.00 201.70 170.31 152.09 142.35 126.05 123.88

F 4288.50 3551.23 2767.20 2137.23 1627.33 1254.44 963.99 744.92 581.57 463.97 371.12 299.08 243.25 199.50 172.92 153.43 139.09 130.70 126.83

G 4277.47 3469.75 2693.56 2025.05 1560.84 1190.22 922.33 718.17 561.25 448.35 360.57 290.15 237.95 199.92 163.04 147.30 134.09 128.03 134.70

H 4394.55 3240.72 2438.42 1848.59 1447.59 1116.42 866.68 680.07 537.52 427.05 344.89 278.23 229.15 191.08 165.70 143.89 127.26 125.57 127.94

I 3092.01 2691.36 2093.59 1613.66 1269.63 1000.09 784.31 623.06 496.45 399.82 322.63 263.01 218.52 176.33 142.69 138.28 119.60 116.40 122.08

A 4540.58 3620.70 2753.88 2077.18 1616.34 1241.57 975.27 763.31 599.94 483.93 388.42 319.57 258.11 204.55 178.91 150.65 145.86 134.31 186.87

B 5375.66 4210.24 3159.05 2383.86 1817.10 1387.00 1064.09 827.93 645.86 511.59 406.04 324.54 259.24 217.70 187.16 161.19 143.72 146.20 148.52

C 5470.96 4431.85 3376.52 2590.95 1938.91 1480.18 1122.47 872.01 670.10 526.15 418.18 336.37 268.38 223.88 182.80 164.75 147.65 135.67 158.18

D 5569.08 4531.05 3511.85 2682.01 2049.06 1544.46 1177.45 891.68 700.23 541.63 429.52 345.50 282.75 228.23 194.52 173.89 149.01 149.00 146.56

E 5608.32 4620.35 3552.62 2700.02 2041.32 1538.95 1172.17 895.89 701.43 548.50 436.86 344.77 280.56 234.15 199.96 164.75 148.29 136.13 146.34

F 5573.33 4581.86 3545.88 2644.94 2009.60 1506.96 1153.59 881.02 683.51 538.38 418.95 340.55 280.38 222.80 197.76 170.67 148.49 145.42 157.21

G 5548.31 4473.03 3379.75 2549.44 1910.65 1444.44 1107.22 858.56 657.96 521.49 419.24 335.24 271.97 227.58 191.93 163.53 149.29 145.96 150.26

H 5521.00 4149.48 3067.34 2290.45 1758.65 1336.29 1034.41 800.11 629.07 493.69 400.38 314.40 259.13 215.37 183.24 161.73 142.63 133.87 149.68

I 3964.81 3342.22 2532.62 1961.43 1534.38 1174.85 930.26 722.74 574.40 462.59 373.39 298.45 244.77 209.85 173.19 155.06 133.81 129.25 152.72

A 40918.90 4537.22 3458.31 2653.94 2029.68 1563.05 1225.29 965.25 756.35 604.46 484.95 370.61 321.44 260.66 216.36 201.81 171.77 166.88 196.28

B 42018.00 5251.38 3992.62 2996.83 2313.53 1743.96 1329.88 1032.97 805.77 641.06 488.95 409.77 332.22 264.23 225.58 199.38 176.40 179.90 192.17

C 42157.30 5537.41 4237.45 3264.90 2460.60 1884.81 1440.97 1103.90 853.35 656.37 532.43 411.14 337.52 277.22 236.56 196.31 189.76 183.02 176.67

D 42210.20 5642.04 4347.09 3316.12 2559.06 1959.59 1487.83 1125.69 861.28 671.75 538.69 425.12 345.68 283.58 236.16 206.04 168.82 176.37 184.73

E 42304.40 5646.41 4415.20 3379.16 2590.38 1971.40 1489.55 1143.87 885.01 680.87 533.44 431.67 353.32 283.10 237.07 208.34 188.52 181.05 191.50

F 42324.10 5654.75 4355.60 3333.96 2541.22 1911.48 1448.82 1114.03 860.28 671.38 532.48 422.40 344.00 283.37 228.53 209.34 182.04 175.27 187.74

G 42162.10 5452.60 4185.90 3095.93 2399.66 1827.24 1411.58 1063.44 822.64 643.99 517.22 407.87 335.68 269.69 227.87 205.24 179.69 166.14 190.34

H 42019.10 5138.28 3836.09 2865.55 2174.43 1668.57 1277.87 1003.79 781.72 607.35 488.29 396.70 319.46 264.34 214.58 186.66 172.35 174.76 181.70

I 4908.73 4140.42 3215.82 2458.86 1897.65 1476.99 1158.72 898.11 713.46 576.27 455.71 373.26 308.56 248.56 195.42 187.16 162.68 162.63 181.18

A 29483.10 28958.50 3728.76 3222.45 2582.18 2027.54 1585.95 1258.18 987.85 785.22 638.74 516.72 415.11 326.84 284.78 247.43 201.06 212.39 260.40

B 30623.80 29743.20 4224.20 3419.10 2754.37 2160.15 1763.12 1382.97 1073.76 848.51 664.43 536.29 413.65 342.67 304.64 244.25 220.12 227.98 246.11

C 30750.30 30020.70 4415.20 3616.48 2915.08 2324.05 1836.08 1463.79 1161.16 901.19 713.99 559.02 406.90 367.41 307.32 256.93 236.95 212.94 230.79

D 30818.20 30138.70 4584.70 3707.50 3112.56 2429.10 1939.06 1508.24 1170.86 932.08 732.89 585.61 418.93 342.77 311.25 261.23 226.62 221.81 235.29

E 30843.60 30209.40 4613.85 3803.69 3104.11 2435.23 1964.38 1511.74 1192.74 934.07 731.66 551.66 466.30 369.42 300.63 259.63 220.98 229.13 233.89

F 30895.20 30113.80 4572.77 3759.19 3061.11 2410.63 1933.14 1501.06 1163.15 927.08 715.48 548.47 453.27 355.30 293.65 240.72 221.54 233.27 220.62

G 30751.10 29994.90 4418.65 3585.71 2870.73 2304.00 1828.30 1433.42 1147.44 889.08 685.77 556.36 445.00 356.65 287.46 261.73 235.86 224.99 220.46

H 30598.80 29703.80 4122.61 3320.40 2681.12 2123.34 1687.83 1339.62 1052.61 836.06 657.74 494.04 406.06 354.97 291.42 241.91 216.18 202.06 245.98

I 29270.10 4195.58 3602.35 3017.52 2431.86 1950.49 1535.44 1210.24 956.67 760.86 613.18 477.34 402.54 318.16 272.66 240.15 207.43 196.79 216.24

A 13634.40 2687.65 2383.94 2161.17 1975.53 1845.12 1635.79 1485.90 1320.88 1134.22 977.12 769.96 652.73 527.00 417.46 369.65 319.25 268.40 272.74

B 14622.50 14154.00 13591.00 13205.10 12930.40 12719.70 12492.60 12291.70 1392.93 1217.11 1035.16 865.51 720.79 577.96 479.60 377.39 337.16 321.83 315.36

C 14705.70 14305.50 13830.90 13408.80 13118.30 12839.70 12604.50 12414.90 1480.82 1281.86 1097.01 927.37 755.12 595.78 495.99 414.40 341.74 334.29 335.67

D 14745.90 14352.90 13875.80 13556.90 13195.70 12916.20 12718.40 12449.60 1530.34 1335.62 1165.08 974.31 796.97 611.01 529.59 411.52 370.98 350.59 332.28

E 14710.00 14368.60 13914.70 13550.10 13277.50 12961.00 12752.80 12510.90 1598.01 1350.74 1167.50 935.88 791.44 666.92 524.77 418.06 390.55 346.17 340.12

F 14742.70 14364.90 13913.00 13562.00 13259.50 12962.10 12740.10 12469.00 1565.76 1370.60 1139.99 938.01 777.65 639.41 519.96 451.09 380.27 335.93 358.63

G 14666.20 14330.00 13826.10 13432.90 13205.00 12911.40 12701.00 12454.80 1546.58 1330.57 1085.90 941.45 764.76 632.64 478.26 430.22 377.25 323.49 350.18

H 14648.90 14170.30 13664.60 13308.50 13078.80 12830.50 12598.20 12355.70 1457.17 1268.84 1053.36 910.39 742.86 567.98 469.67 402.69 358.26 313.77 313.40

I 13789.50 13571.70 13237.30 13176.60 13114.80 12837.90 12647.40 12440.00 1426.54 1224.99 999.98 871.86 670.77 534.78 446.39 351.09 312.24 293.41 290.26
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H04 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 993.69 862.29 727.76 604.54 494.36 396.90 328.13 264.03 221.35 166.48 150.83 124.03 99.99 79.18 68.99 63.66 56.61 57.80 65.41

B 1405.22 1065.67 833.06 648.27 529.74 436.73 342.47 282.70 228.95 182.03 150.95 109.53 103.08 87.89 72.60 62.50 62.81 64.34 66.54

C 1323.24 1128.41 892.59 687.47 574.06 428.92 355.93 298.35 234.65 183.21 160.88 126.98 107.35 92.58 76.93 63.15 64.27 60.98 65.54

D 1305.79 1140.65 895.31 749.97 590.31 465.01 372.93 299.27 236.44 196.32 156.25 135.99 105.62 90.75 79.84 63.93 59.87 65.28 62.60

E 1279.49 1109.28 923.37 742.26 600.47 482.21 381.46 293.50 240.01 199.54 158.52 133.99 102.15 85.47 80.28 62.93 68.00 58.72 68.19

F 1304.06 1132.07 961.06 714.88 577.02 470.76 369.30 284.74 247.34 199.89 155.38 112.43 108.15 83.71 75.10 73.49 64.67 60.19 67.70

G 1380.71 1164.88 943.54 726.07 578.56 451.15 364.11 293.21 225.27 198.82 157.98 131.24 107.42 83.27 78.41 66.64 62.72 58.05 65.94

H 1564.31 1198.13 882.28 706.02 540.76 456.46 355.96 287.30 226.00 187.63 156.75 119.70 107.33 89.91 71.44 69.68 61.32 63.98 73.57

I 1218.65 970.24 764.76 632.64 503.15 403.75 326.79 266.84 218.93 187.90 155.60 126.73 104.85 89.94 71.06 68.51 56.38 57.39 79.90

A 1145.02 980.03 797.71 671.79 557.19 442.10 356.85 292.12 244.54 203.29 165.70 135.37 106.85 93.28 80.68 72.69 70.21 64.36 69.51

B 1563.53 1246.83 931.06 743.22 606.47 483.45 385.88 315.28 257.81 208.77 165.63 132.68 113.39 99.07 82.04 79.02 69.32 73.56 75.19

C 1522.26 1300.16 985.76 798.55 627.35 502.65 409.07 327.65 258.70 216.25 169.07 143.39 117.10 102.21 85.47 80.43 72.65 73.59 71.00

D 1450.70 1301.92 1054.87 838.34 654.44 528.77 409.41 328.33 266.59 222.02 181.97 141.91 125.82 96.79 92.17 81.37 76.01 71.00 68.10

E 1492.73 1327.37 1067.05 848.49 679.98 533.41 421.80 331.84 269.61 217.25 175.13 147.61 124.90 93.32 86.37 82.59 68.55 73.96 71.01

F 1499.24 1348.92 1072.37 855.37 673.86 535.40 434.23 329.29 271.11 214.14 178.86 147.31 122.64 101.39 89.98 83.31 68.34 70.99 75.20

G 1594.36 1395.16 1084.65 817.75 654.43 523.01 415.58 331.27 264.28 213.68 179.24 145.59 120.35 103.85 82.89 79.18 73.78 70.59 75.27

H 1945.67 1346.75 987.76 806.62 631.06 499.56 400.18 313.93 259.14 209.98 174.25 140.42 113.53 94.50 83.42 74.93 64.99 68.79 76.92

I 1488.62 1163.70 888.19 726.98 573.78 466.65 375.55 302.60 243.19 199.41 165.21 134.03 105.04 96.83 83.48 73.77 65.55 61.73 70.23

A 1300.75 1175.88 950.52 785.70 637.79 514.83 416.89 321.51 266.18 222.63 184.07 151.72 126.87 109.32 90.82 87.49 72.86 69.77 74.19

B 1814.13 1402.51 1108.83 870.56 697.21 553.96 440.81 354.15 284.32 236.71 196.22 160.03 130.19 110.77 91.70 88.24 81.78 75.34 83.55

C 1744.63 1464.64 1147.21 898.71 725.31 567.67 460.95 369.53 296.54 243.45 202.16 166.34 134.67 109.90 92.47 81.11 79.88 79.70 79.75

D 1735.65 1506.88 1193.16 929.65 742.91 601.32 471.10 377.38 299.62 246.13 201.80 166.38 133.62 108.00 103.77 91.17 81.94 74.51 81.57

E 1665.11 1514.99 1231.47 992.12 778.29 620.34 487.12 379.53 302.53 245.32 194.53 165.88 138.49 112.83 91.58 90.53 81.03 74.05 79.34

F 1766.49 1549.65 1247.73 977.28 759.60 580.92 473.90 386.24 295.18 246.35 202.89 162.16 137.15 114.17 92.65 84.43 79.01 76.53 78.04

G 1874.03 1558.40 1201.23 969.88 740.16 593.71 470.48 367.48 294.83 240.75 199.24 163.24 129.14 111.48 97.28 83.80 81.48 79.31 79.91

H 2163.44 1516.13 1163.13 919.50 701.83 572.96 444.06 355.72 293.27 223.73 193.10 158.70 127.02 106.34 90.56 76.72 77.48 72.15 83.71

I 1599.48 1285.70 1032.21 817.66 653.60 532.75 410.14 332.88 271.34 218.86 181.27 147.38 124.35 102.89 89.18 77.77 75.18 68.45 92.09

A 1539.72 1373.15 1066.59 901.71 715.18 602.00 480.19 378.04 308.95 247.83 208.02 167.06 145.43 114.64 95.74 88.51 84.78 80.85 99.09

B 2114.89 1625.88 1246.73 962.91 800.42 629.61 494.14 404.23 330.20 266.23 215.22 170.73 142.82 126.95 105.45 85.64 80.37 87.17 86.19

C 1967.61 1705.84 1365.77 1074.29 840.53 656.54 515.04 423.87 334.65 284.89 219.26 173.07 143.00 122.34 112.33 99.65 93.28 89.39 94.26

D 1970.82 1681.57 1366.18 1109.14 888.44 701.42 530.61 426.46 344.60 279.05 230.44 176.71 147.03 124.33 104.59 98.30 82.21 86.46 91.96

E 1946.14 1725.24 1408.93 1156.10 892.50 693.53 561.13 432.62 350.77 280.77 229.48 188.91 156.81 122.93 109.60 92.50 92.42 82.20 86.18

F 2055.74 1786.68 1445.83 1142.95 858.63 694.86 546.93 424.49 346.33 278.34 217.93 186.52 154.50 123.52 111.59 93.45 84.13 81.90 86.45

G 2206.70 1846.85 1423.30 1075.12 856.20 668.10 537.98 416.96 334.83 271.88 225.18 181.75 151.83 124.53 109.89 97.76 85.91 83.99 87.91

H 2510.06 1804.30 1346.07 1025.56 794.81 626.29 497.65 392.48 324.43 265.95 217.29 177.19 143.05 124.46 103.71 85.64 86.14 86.32 87.19

I 1740.74 1457.21 1135.39 925.14 728.63 561.05 460.57 366.06 302.73 252.41 208.90 170.74 135.46 111.42 92.20 86.79 78.41 78.61 115.81

A 2169.87 1855.24 1485.37 1111.75 912.73 719.56 568.46 457.17 364.82 303.13 246.74 200.37 161.25 141.51 114.62 106.17 94.05 88.89 91.07

B 3009.52 2332.88 1691.72 1309.47 1018.38 775.92 603.43 492.14 383.25 317.85 245.83 206.00 162.27 146.77 115.33 110.19 94.71 100.52 104.04

C 3008.11 2446.44 1850.00 1404.25 1075.84 836.32 650.58 511.57 400.57 325.39 262.38 203.81 167.87 150.03 120.94 106.88 100.73 100.58 99.34

D 3061.23 2494.97 1894.71 1480.17 1105.65 861.57 676.55 522.28 411.79 330.01 266.64 215.31 178.50 148.36 129.68 103.06 96.19 93.37 96.77

E 2988.19 2552.58 1974.03 1521.53 1126.86 862.86 670.81 518.98 411.76 337.69 265.16 221.11 156.20 146.65 117.16 115.16 102.88 98.00 103.67

F 3119.65 2510.38 1963.27 1466.68 1108.55 834.65 660.69 507.17 405.26 330.17 263.36 201.28 173.11 147.87 119.38 113.92 100.75 98.19 100.78

G 3196.47 2554.85 1879.47 1330.85 1043.36 826.43 636.21 482.02 401.85 319.43 253.51 213.17 168.92 133.85 125.60 107.88 101.45 98.38 103.23

H 3418.26 2322.12 1691.18 1277.69 958.89 755.49 594.56 472.07 380.82 300.43 233.26 199.22 162.75 140.04 121.45 109.17 96.16 93.92 99.06

I 2297.47 1863.78 1436.25 1117.75 882.87 696.43 548.33 432.44 354.61 280.82 239.30 191.28 154.25 132.92 104.69 91.86 94.10 83.99 109.47

A 3255.27 2604.26 2104.32 1611.45 1258.48 953.49 764.19 589.13 461.21 372.32 289.35 234.54 199.20 172.54 140.16 123.86 110.31 108.71 132.76

B 4327.34 3411.60 2513.18 1822.78 1380.62 1033.54 812.26 612.85 499.24 386.28 314.93 258.55 202.20 172.24 148.07 127.47 107.19 106.70 118.78

C 4310.29 3599.13 2693.77 2000.65 1496.09 1128.22 852.57 611.49 509.69 406.59 328.54 246.00 212.38 167.64 145.88 133.28 115.10 109.06 114.45

D 4605.39 3651.40 2849.13 2053.05 1530.48 1170.78 888.62 663.50 521.60 422.81 307.17 265.80 220.59 181.79 135.54 138.53 126.31 111.94 122.72

E 4550.55 3767.85 2835.19 2131.13 1575.75 1187.20 848.03 668.21 527.86 418.23 331.12 259.63 222.15 170.43 153.58 135.41 123.46 116.15 117.99

F 4585.57 3645.57 2784.38 2049.32 1542.34 1156.84 869.05 671.33 518.83 421.82 329.79 265.52 218.86 172.88 145.47 128.41 125.98 108.29 113.52

G 4689.77 3632.67 2653.22 1924.80 1463.11 1101.55 838.56 653.03 495.59 406.65 320.98 251.07 212.51 177.91 145.38 124.85 106.05 105.19 113.72

H 4785.38 3449.11 2431.36 1783.07 1311.44 1014.33 778.27 607.98 485.64 377.31 308.37 250.54 201.36 170.74 146.54 120.07 109.38 110.04 113.84

I 3232.14 2642.05 2010.30 1489.98 1167.89 907.50 719.10 557.76 448.42 361.58 286.86 235.72 198.30 156.33 141.27 115.31 94.68 97.68 132.52

A 4445.01 3801.08 2893.91 2269.47 1723.54 1313.32 949.03 765.78 604.77 475.19 384.51 314.66 252.65 184.47 167.50 142.85 138.35 111.22 132.56

B 6010.05 4778.63 3535.67 2624.16 1954.67 1419.44 1072.74 793.56 623.47 497.60 397.88 316.41 254.51 206.21 176.85 152.56 148.55 135.79 154.64

C 6237.38 5192.18 3911.48 2894.75 2125.11 1504.22 1147.83 867.91 662.23 501.97 404.55 323.41 268.19 219.92 180.77 163.00 137.34 143.47 140.19

D 6430.16 5381.21 3999.07 2984.31 2183.42 1614.65 1193.82 904.70 692.13 536.35 401.43 316.44 263.99 218.91 178.37 153.55 142.27 136.75 137.98

E 6433.18 5342.22 4155.38 3018.80 2245.88 1606.69 1208.41 919.55 692.11 535.26 421.84 310.10 269.83 216.43 192.21 156.35 134.49 139.19 133.20

F 6462.68 5383.97 4025.45 2971.93 2179.40 1573.45 1170.73 880.25 669.65 517.52 402.38 334.00 260.46 218.99 172.10 149.78 145.95 140.29 131.88

G 6335.39 5219.77 3888.54 2872.22 2051.68 1507.79 1125.01 818.22 639.17 508.77 396.39 298.85 252.51 205.98 184.19 155.44 144.76 131.06 136.01

H 6154.99 4758.14 3391.37 2511.11 1819.77 1320.11 1006.06 760.84 566.36 474.93 368.93 309.22 243.21 203.10 172.50 150.74 137.88 129.25 140.21

I 4423.72 3691.18 2825.39 2151.75 1566.21 1211.88 926.54 723.51 544.84 445.93 360.40 292.28 239.75 194.26 171.04 148.00 132.99 116.87 129.57

A 28615.40 3512.84 2885.46 2391.69 1861.45 1499.81 1185.83 922.04 711.78 556.68 444.47 370.78 307.98 246.73 185.49 182.20 167.26 163.79 215.33

B 29779.50 4366.88 3490.29 2721.13 2152.60 1654.58 1212.10 1010.98 788.72 611.81 490.50 396.17 321.73 272.44 200.76 185.05 167.38 165.42 182.85

C 29991.90 4817.64 3750.91 2938.54 2245.63 1774.21 1324.69 1034.98 817.53 648.05 503.24 400.30 306.60 266.43 231.46 186.41 183.36 160.36 158.42

D 30047.60 4711.86 3846.23 3120.01 2438.17 1863.33 1388.21 1098.35 831.41 663.49 524.89 410.42 337.21 280.63 227.44 199.41 180.06 174.75 189.14

E 30156.00 4846.77 3794.53 3070.39 2405.39 1814.15 1374.77 1095.63 857.10 671.79 526.13 396.42 322.30 269.21 213.64 194.04 172.05 157.56 174.03

F 29948.00 4775.65 3876.51 3006.97 2411.08 1804.00 1371.20 1058.66 816.39 654.72 516.23 414.93 327.27 240.05 216.34 189.20 171.18 167.22 181.15

G 30016.50 4670.66 3729.77 2868.39 2243.84 1759.35 1313.50 1009.69 798.36 617.83 508.39 393.61 328.29 252.24 213.62 177.87 171.92 155.54 173.19

H 29836.60 4391.35 3413.50 2652.11 2113.10 1613.57 1197.82 998.91 738.64 589.39 457.61 361.52 299.90 256.69 208.27 171.81 151.69 152.40 181.80

I 28478.80 3344.94 2809.03 2263.88 1804.24 1433.47 1139.90 860.79 717.83 555.31 436.29 357.79 287.20 248.87 202.43 180.58 153.05 144.67 150.20

A 13135.90 2210.92 1934.70 1749.00 1508.15 1342.08 1226.71 1119.69 958.50 872.66 727.16 612.08 505.20 412.62 346.40 281.91 245.76 199.63 254.29

B 13897.20 13620.60 2330.64 1996.63 1755.52 12272.00 12024.00 11885.80 1029.55 919.60 803.10 651.84 544.04 423.12 361.64 286.98 272.13 228.35 247.11

C 14074.90 13728.90 2562.06 2167.42 1899.13 12367.20 12108.40 11869.60 1112.76 957.76 749.80 672.04 543.74 436.04 383.39 312.03 259.48 253.89 262.72

D 14060.40 13648.50 2594.50 2259.37 2034.72 12506.70 12194.90 11935.30 1163.53 1016.44 871.94 716.15 585.92 493.87 373.13 321.77 272.64 271.14 264.80

E 14055.00 13748.00 2714.64 2394.35 2048.89 12476.10 12203.70 12017.00 1198.63 1020.80 840.43 737.78 596.93 520.79 381.23 331.94 284.85 276.38 267.02

F 13974.20 13788.70 2730.56 2251.21 2003.53 12376.40 12245.30 12093.80 1150.61 995.85 885.81 668.14 617.50 485.09 392.76 331.29 276.15 251.32 248.87

G 14034.70 13761.20 2578.61 2246.26 1985.91 12443.40 12179.90 12015.50 1135.15 989.01 807.70 625.70 612.72 482.42 396.61 334.34 255.99 236.45 253.05

H 13936.30 13643.90 2406.05 2105.49 1899.43 12279.10 12096.40 11921.30 1078.16 917.74 828.09 656.31 556.47 423.83 379.83 295.24 273.96 238.56 263.56

I 13189.50 13019.40 2105.50 1904.25 1828.87 12377.50 12219.80 12004.10 1040.23 930.45 783.52 676.13 524.06 414.88 328.56 270.87 262.12 211.10 289.08

T
im

e 
(h

rs
.)

gr
id

15
.0

0
16

.0
0

17
.0

0
9.

00
10

.0
0

11
.0

0
12

.0
0

13
.0

0
14

.0
0

dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H05 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 796.282 652.236 515.406 409.963 317.785 241.69 188.284 144.369 112.972 90.6674 74.7366 59.6644 47.5251 38.4869 32.1379 27.2141 26.7956 24.7516 28.6819

B 1111.31 855.459 635.186 477.358 360.686 275.222 209.798 161.987 124.816 98.9213 79.7159 62.7352 50.8519 42.4592 34.5794 28.8426 27.4157 26.4475 25.5445

C 973.883 883.954 705.008 545.031 393.381 289.413 220.705 168.854 133.944 105.931 80.1141 66.0376 53.1873 43.0032 42.2675 30.9519 28.4114 25.7606 27.3367

D 942.025 882.421 735.398 552.387 420.08 313.79 232.891 176.876 136.749 108.199 84.2236 65.9827 53.2969 43.7731 36.0251 28.9988 27.734 26.5231 28.0087

E 913.357 873.066 721.798 568.52 417.168 313.319 238.4 175.959 136.49 106.997 82.3035 68.1049 54.3537 44.7011 37.1443 29.9525 28.6056 26.1932 26.4705

F 942.815 877.429 739.742 563.799 414.864 310.059 242.432 171.191 138.144 106.136 83.0951 66.3065 53.5275 44.1943 34.9452 32.3947 29.2598 26.2708 26.231

G 1005.33 886.421 695.75 530.137 395.115 293.644 221.711 171.811 127.012 101.469 79.2448 64.6537 52.2922 40.7365 36.0878 29.1775 27.4787 26.7832 26.8067

H 1186.3 864.574 646.927 483.242 369.527 274.672 211.676 159.207 127.123 96.7462 79.1222 61.9352 49.9924 40.2943 34.5851 30.0312 27.2815 26.0566 25.2752

I 859.222 670.685 524.202 418.662 315.339 250.455 187.624 147.357 111.802 91.6141 72.5189 57.6324 48.809 38.2926 33.3375 28.1006 26.0802 23.7614 23.5329

A 916.016 766.483 615.213 481.145 375.556 299.024 222.068 173.481 136.115 106.135 85.1839 71.7541 57.4061 48.5275 41.757 35.383 32.0892 28.8082 28.5171

B 1260.98 988.023 755.077 573.348 425.141 329.844 247.085 192.801 147.863 115.093 94.5656 74.9212 62.5138 50.195 41.5088 35.485 33.2673 30.419 30.3159

C 1127.89 1036.3 818.615 618.974 466.206 351.981 270.234 202.985 156.174 123.699 98.3926 77.481 64.0331 50.0008 41.7657 37.7623 33.7509 30.2392 31.6405

D 1067.86 1031.92 849.23 658.555 506.537 377.64 277.868 212.716 158.068 122.745 99.5958 80.8868 63.6509 52.5695 44.6876 38.4364 34.0499 33.5 33.4504

E 1071.9 1051.47 870.925 678.03 506.314 383.477 285.047 212.9 160.195 129.548 100.206 82.0179 62.5302 53.1721 42.2495 38.2326 33.781 31.1533 33.4406

F 1108.49 1054.49 871.172 677.247 507.166 377.004 281.643 212.736 164.59 125.931 99.9959 78.3594 61.6816 50.2732 44.1063 36.0864 34.9018 31.4732 31.395

G 1202.9 1081.32 850.362 646.833 501.223 367.136 271.566 202.691 154.529 124.227 92.6431 74.1025 59.9554 51.8903 40.7417 37.5672 31.7103 31.696 31.8299

H 1456.13 1056.55 799.638 597.384 449.25 343.281 255.046 191.129 152.606 113.444 92.0001 71.6586 60.6224 48.8704 40.7875 35.8574 32.259 30.1578 30.7828

I 1138.44 836.838 654.743 515.333 386.31 297.765 227.389 173.255 130.36 103.855 86.8904 70.6081 55.3379 46.4977 39.2613 32.6462 30.0058 29.0638 31.6567

A 1029.36 892.311 720.775 568.363 435.166 340.212 262.955 205.859 160.218 128.311 102.327 86.5453 69.0411 53.6083 44.4874 40.0192 37.4475 36.1949 43.5291

B 1446.55 1157.99 890.312 650.448 505.502 378.039 285.828 226.016 172.105 134.92 111.929 86.1496 73.8295 56.9344 51.8204 42.6373 40.0645 37.3361 38.3684

C 1297.37 1206.44 952.405 733.6 562.099 403.162 309.886 239.221 180.829 146.217 113.539 91.2929 73.4345 60.1121 50.4824 41.6663 40.7171 39.4086 39.6453

D 1262.05 1229.3 987.228 781.693 579.729 440.422 327.031 245.686 190.086 146.662 112.419 92.2719 76.3414 58.9842 50.9451 44.5927 40.4569 37.8586 38.2555

E 1262.36 1217.38 1001.54 799.081 600.956 447.36 335.419 256.819 193.496 149.041 113.871 93.1746 75.1916 62.7259 51.0832 44.1695 37.3231 36.7472 36.3859

F 1345.36 1272.9 1030.7 788.559 596.087 447.8 328.846 248.566 190.378 150.911 115.765 92.919 68.6692 59.1868 51.4053 45.133 41.2962 37.0849 37.7603

G 1456.11 1294.74 1002.94 769.926 567.13 419.934 323.876 245.942 185.844 148.465 116.061 91.5347 72.2704 60.2275 44.2655 42.7694 39.7936 35.3697 35.8986

H 1816.9 1277.59 949.599 724 529.957 399.666 287.963 225.403 175.34 136.17 107.784 89.5285 67.7654 57.4054 48.2327 40.6714 37.4257 35.131 36.1303

I 1358.36 1031.72 784.867 600.118 464.004 352.272 267.639 210.177 159.496 124.209 99.2863 78.9548 68.6123 54.5154 47.4846 39.999 35.8317 33.2138 34.1241

A 1096.85 963.962 767.721 609.721 480.145 374.252 282.287 224.457 177.405 138.243 113.201 90.2367 74.6557 58.2289 51.3466 44.5455 41.5386 38.2834 35.638

B 1599.72 1249.94 946.145 704.425 551.822 413.757 315.138 241.307 186.092 147.626 119.973 93.4099 76.5894 64.3141 50.8286 47.3927 41.3868 39.5081 40.0768

C 1422.12 1322.97 1040.17 803.729 593.3 455.001 330.814 261.119 197.688 151.641 121.926 100.514 80.49 65.1783 54.5214 48.1652 41.8707 40.0645 42.635

D 1384.52 1318.92 1084.95 836.374 627.363 482.726 355.526 269.077 199.9 163.081 126.42 101.664 83.2569 66.5393 56.3234 48.5635 44.589 41.2605 43.3666

E 1403.48 1354.02 1111.21 857.078 648.819 490.816 362.304 274.618 205.849 161.447 130.481 101.14 78.6277 66.943 57.592 47.2976 44.1932 40.7364 42.2048

F 1493.34 1431.97 1140.91 858.274 658.538 490.387 361.896 267.364 207.647 158.237 125.904 101.048 81.8372 66.1156 55.9666 46.626 43.5744 42.1429 41.4559

G 1711.41 1490.32 1122.43 842.071 629.06 465.17 346.475 265.353 198.147 157.567 122.707 98.0886 75.5521 64.4567 55.997 46.0598 40.217 40.346 39.918

H 2109.23 1440.06 1041.5 782.411 582.037 435.135 322.833 248.354 191.55 148.929 112.021 89.5037 77.0433 63.0919 50.3793 46.3433 38.8933 38.6515 39.1005

I 1402.14 1126.23 871.451 665.532 508.744 385.343 299.14 222.739 177.236 142.365 108.703 86.812 72.4812 58.6837 50.2159 42.662 39.36 32.8201 42.1769

A 1195.12 1042.5 832.128 661.176 523.189 400.908 318.724 252.115 194.717 152.924 129.705 104.129 84.4066 65.8057 56.9681 49.9483 43.9994 42.3045 50.8596

B 1734.26 1368.16 1018.92 769.739 591.212 458.279 341.328 269.574 208.911 165.485 134.318 109.165 87.883 73.2486 61.4917 54.3999 47.6665 46.1621 45.9726

C 1563.74 1434.06 1123.13 841.259 641.925 497.444 371.986 283.609 215.354 168.518 137.116 109.228 91.982 71.9914 59.9543 53.6744 50.6315 46.0158 45.7028

D 1497.74 1424.48 1178.41 887.267 679.492 518.435 386.909 295.013 225.801 176.602 139.875 115.9 92.0538 77.3587 65.2898 57.6737 51.621 45.8675 46.8484

E 1515.78 1443.26 1200.11 921.607 705.643 529.852 398.532 301.266 230.756 178.42 140.952 111.355 90.8293 76.7217 65.9953 54.84 50.8827 48.7513 48.2424

F 1597.25 1475.03 1225.05 933.067 689.964 522.002 395.28 293.878 226.744 179.675 140.2 113.844 93.3061 75.5128 62.2828 56.9774 50.5299 47.018 48.1349

G 1795.86 1551.28 1180.29 892.755 648.06 488.799 379.928 286.239 220.912 172.61 139.967 109.184 89.8857 70.4659 62.4109 51.5036 49.6081 43.8323 46.3462

H 2227.73 1532.55 1109.15 811.568 605.797 457.415 349.023 262.748 208.847 167.875 133.156 105.037 86.6597 70.7823 60.3295 52.7134 48.4167 44.1642 47.7905

I 1427.72 1158.15 886.087 696.554 529.063 415.018 309.199 246.404 194.237 152.979 118.297 101.167 83.2023 66.2894 55.8711 47.0089 41.3659 42.7407 49.5903

A 1378.65 1186.26 962.986 751.65 592.735 455.805 366.458 285.576 224.441 187.482 140.855 121.746 99.4563 81.3294 67.0411 58.9113 56.7906 49.3423 53.094

B 1996.36 1586.91 1166.99 871.193 658.987 515.798 397.966 296.029 241.341 197.024 157.78 128.532 104.417 85.3009 71.9928 62.2162 53.7308 51.7232 57.7469

C 1834.83 1632.37 1275.76 980.41 735.756 556.316 423.864 327.021 251.777 194.557 159.751 128.384 102.889 89.9687 73.1151 67.0782 59.04 59.086 58.2766

D 1766.37 1601.92 1294.32 985.763 762.883 586.777 435.355 341.879 261.543 210.645 149.888 135.421 106.231 91.1424 76.6869 63.0254 53.5245 53.7858 57.4861

E 1837.14 1653 1323.05 1029.77 791.556 605.784 439.352 349.416 264.93 204.823 171.91 127.031 105.873 87.8433 75.6394 67.65 61.1313 53.4661 52.7017

F 1830.89 1658.7 1322.85 1010.63 766.785 571.893 439.328 339.158 265.592 210.422 163.253 134.257 106.511 84.6984 76.9967 59.2657 57.1789 55.9535 57.5704

G 1984.26 1734.55 1339.75 938.98 758.005 541.792 421.059 332.104 257.401 198.88 163.192 129.658 104.787 86.2825 76.2145 66.0509 59.223 55.5814 58.4193

H 2341.62 1789.56 1248.61 876.695 662.078 516.227 401.279 306.229 234.296 195.526 151.91 123.342 99.8785 80.0539 71.514 61.1316 56.7311 54.3952 58.7967

I 1538.67 1277.95 955.14 762.53 597.236 461.42 363.04 285.084 221.367 177.314 143.687 117.643 97.3719 81.8713 68.271 59.692 51.2179 51.2235 59.2752

A 1547.6 1362.32 1059.77 829.11 650.249 518.921 403.033 333.88 262.851 208.037 180.89 139.516 120.268 96.6912 82.8027 73.6488 65.367 63.8248 67.6954

B 2241.66 1762.95 1290.86 962.487 744.684 563.562 441.594 340.017 279.999 221.147 181.898 146.708 115.257 100.102 86.366 77.6866 72.4899 64.3857 72.4182

C 2046.98 1892.57 1405.68 1049.05 803.022 623.716 458.695 368.116 298.16 231.903 183.314 151.437 124.417 105.158 84.9046 77.9316 72.0702 71.6418 66.5628

D 2061.53 1817.4 1423.52 1091.19 833.985 641.842 487.652 375.536 298.604 241.024 188.946 151.834 125.971 107.385 83.2387 76.6913 75.1741 65.6482 62.2411

E 2101.32 1873 1456.12 1124.86 860.664 636.005 491.107 382.115 300.391 238.66 194.717 149.756 129.075 102.107 96.6568 82.0888 70.1261 71.5105 67.3263

F 2158.36 1868.95 1461.17 1108.46 859.317 633.637 478.273 390.79 298.657 240.499 192.18 158.234 125.753 105.706 87.4093 75.9567 71.2231 68.6792 71.5553

G 2186.09 1916.36 1470.79 1077.1 823.013 619.474 468.679 371.522 288.534 235.291 189.883 151.861 127.441 106.724 88.9882 73.0965 69.8363 70.4515 73.1329

H 2471.44 1887.15 1351.05 988.262 713.839 566.135 445.081 340.825 276.682 222.804 181.716 147.35 115.712 100.315 85.3635 76.3986 62.8296 68.7786 71.9014

I 1587.65 1345.11 1082.03 835.96 664.492 499.057 397.837 327.168 252.444 197.918 171.179 137.098 114.687 91.5785 80.3391 71.3143 62.8958 58.9078 65.0047

A 1629.1 1415.73 1107.75 871.53 659.731 528.374 414.695 335.49 264.745 221.745 182.384 151.675 117.338 103.142 84.7166 70.501 74.2341 66.4828 99.2247

B 2359.86 1861.19 1308.04 942.725 740.583 563.06 451.588 356.273 285.551 243.294 192.84 148.061 129.675 108.024 85.8771 78.3325 68.9804 73.3668 74.1343

C 2198.95 1840.32 1454 1091.31 805.53 604.492 473.682 366.639 300.116 235.198 190.35 163.257 119.607 102.145 90.5349 85.3394 76.2795 71.8833 77.908

D 2187.12 1860.51 1520.3 1124.09 846.188 627.294 477.634 368.502 311.731 243.972 199.082 151.021 131.255 109.686 88.1122 80.9 77.7613 68.1585 69.7999

E 2196.51 1954.6 1435.25 1156.21 850.9 647.091 515.191 390.334 309.167 243.47 198.398 159.429 133.052 110.81 100.119 74.9412 75.5618 68.9473 69.1039

F 2246.22 1898.5 1462.72 1139.08 823.238 651.944 493.99 376.243 298.321 243.78 203.529 163.598 133.217 109.456 89.6073 84.9736 75.8575 70.5212 69.5859

G 2198.41 1935.39 1459.1 1072.9 773.173 626.761 471.593 379.374 296.805 243.622 192.99 153.69 127.754 96.9055 93.7595 82.9707 68.7539 69.019 79.3546

H 2365.44 1832.07 1292.97 984.909 697.734 546.166 454.308 350.357 286.556 230.228 178.996 147.254 126.777 99.0712 85.1693 78.9094 72.236 72.4094 76.4019

I 1544.78 1328.91 1054.77 849.072 646.435 503.362 394.63 331.023 260.426 213.112 176.078 143.91 121.195 98.0979 82.8787 74.0575 65.6597 62.5279 78.7175

A 1372.05 1139.08 914.422 709.261 564.122 441.483 351.003 283.394 218.684 186.006 145.608 130.408 105.995 87.0418 75.1129 69.2838 66.1952 54.8783 60.2112

B 2077.29 1586.69 1127.26 787.511 641.788 450.78 364.32 293.459 241.003 196.156 152.407 130.328 110.155 89.7298 70.2913 67.4025 58.6684 58.8532 68.0541

C 2000.25 1669.38 1207.95 892.009 658.308 494.305 387.891 299.149 245.445 203.633 162.278 136.496 103.585 86.4431 81.6326 73.0834 60.6132 61.6154 68.7081

D 2040.64 1631.69 1188.29 943.631 689.107 537.205 401.955 317.848 258.37 202.916 165.444 138.505 107.349 91.5306 81.3149 64.0761 65.4893 65.5038 65.1715

E 2009.45 1714.75 1274.79 925.78 715.779 531.443 419.049 335.106 246.598 206.497 161.281 132.437 114.473 92.2246 71.6406 68.0571 65.1699 63.9605 65.3825

F 1966.68 1657.91 1221.12 930.626 696.878 515.409 412.732 324.684 248.528 202.109 164.603 136.749 106.679 87.2047 77.7178 72.7408 61.9499 62.5288 65.3432

G 1971.53 1625.15 1190.12 870.65 645.832 507.596 384.487 298.522 238.028 197.523 167.028 135.085 106.423 89.2371 76.2087 64.3745 63.3104 61.7062 64.1162

H 1949.44 1497.48 1073.31 813.875 575.825 476.083 364.866 292.003 237.016 192.638 156.432 124.828 103.787 90.4249 74.9726 67.7342 63.3056 61.9554 69.7074

I 1298.21 1125.33 891.617 685.918 547.575 434.052 343.706 279.621 218.202 184.801 151.32 123.032 96.3036 83.9307 75.8609 65.2677 59.2496 53.685 63.5127
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of H06 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1124.08 1031.81 900.98 740.01 602.61 492.42 412.42 332.11 275.65 224.41 187.80 146.64 123.86 107.93 94.51 75.17 75.12 75.98 94.38

B 1477.55 1229.89 997.61 823.82 662.55 534.05 432.82 350.84 288.50 227.66 195.59 152.10 129.82 114.30 85.83 78.63 79.99 79.44 88.15

C 1415.63 1302.27 1072.84 879.60 705.19 565.91 458.32 363.37 295.79 243.31 196.44 158.50 132.42 114.44 99.39 89.77 85.57 81.81 87.49

D 1401.84 1310.02 1122.62 889.60 720.40 577.80 470.36 373.18 300.06 249.12 191.63 166.62 137.43 116.53 98.64 84.48 85.17 79.56 82.38

E 1383.56 1310.09 1109.39 903.68 741.27 590.23 473.36 379.12 305.46 250.27 201.59 165.54 140.53 108.02 94.28 86.81 78.50 82.99 85.91

F 1396.86 1295.37 1124.88 915.31 733.05 577.85 469.80 368.91 306.22 245.25 203.98 164.63 134.23 109.17 88.61 91.99 75.71 81.82 85.00

G 1425.60 1290.77 1076.92 867.71 698.70 563.58 456.77 361.57 296.87 243.73 198.96 154.77 136.90 111.74 98.86 88.32 74.07 76.06 87.99

H 1513.24 1232.34 1004.53 823.87 662.17 548.36 437.94 349.70 285.91 236.96 192.60 156.97 131.10 113.67 90.11 83.34 75.06 75.03 87.53

I 1163.39 1071.37 906.56 739.59 615.92 509.90 412.63 339.12 275.52 227.05 187.26 140.96 132.63 110.46 85.26 82.88 80.57 71.67 116.26

A 1297.79 1198.05 1018.08 827.46 680.04 561.04 454.48 370.35 305.98 249.93 202.54 174.29 132.62 123.09 107.25 92.39 87.75 84.21 102.61

B 1686.58 1402.21 1130.91 933.51 758.32 607.56 487.67 398.10 320.72 261.46 217.85 176.75 151.37 125.69 98.25 87.23 91.38 85.56 100.75

C 1607.81 1487.74 1216.27 982.16 789.41 630.78 512.05 411.90 333.81 272.43 224.02 180.26 151.62 123.58 108.38 92.05 92.05 91.70 95.28

D 1599.45 1486.22 1229.51 1021.59 816.75 660.87 524.38 418.19 332.52 275.77 224.97 174.76 155.96 129.00 116.00 100.00 90.69 88.37 92.57

E 1584.83 1500.13 1248.55 1043.08 825.76 664.67 530.99 430.27 341.45 279.94 224.46 188.74 156.13 121.35 112.08 97.89 92.38 92.73 97.80

F 1615.95 1502.17 1288.70 1029.46 823.05 661.78 523.54 422.90 341.03 278.19 226.29 187.33 147.83 122.66 112.75 102.54 85.57 89.58 89.76

G 1677.71 1509.69 1231.44 973.85 786.58 638.19 506.92 407.57 328.20 272.06 222.42 183.88 152.42 130.06 112.64 97.91 85.54 93.11 93.41

H 1784.44 1415.55 1139.09 933.93 767.09 612.78 495.36 400.11 322.71 261.68 207.56 175.19 149.36 125.01 110.10 94.21 92.69 84.13 95.64

I 1394.55 1213.51 1031.74 841.56 685.99 568.78 457.11 372.27 308.18 251.02 207.76 169.93 136.28 116.83 104.76 89.71 85.52 82.86 84.19

A 1478.76 1363.75 1158.91 943.48 769.24 644.34 504.19 413.46 338.21 278.88 230.38 181.40 159.96 134.43 113.49 94.20 88.04 87.12 108.15

B 1881.19 1626.18 1302.27 1041.05 855.64 685.67 551.58 445.06 359.29 295.71 241.29 189.94 166.20 136.84 122.09 102.84 94.90 99.89 99.11

C 1833.32 1698.81 1401.48 1131.05 897.82 724.94 573.86 468.32 374.12 299.12 242.73 198.04 158.36 144.43 124.45 100.92 99.06 95.09 110.21

D 1814.39 1718.64 1436.88 1150.69 917.76 743.28 590.17 471.47 382.36 304.53 251.26 194.62 171.17 147.12 116.22 110.20 103.27 102.04 103.68

E 1824.72 1705.13 1462.45 1181.16 936.32 755.19 599.06 481.78 379.11 308.17 247.93 205.35 164.64 145.20 119.55 115.37 96.76 94.60 99.24

F 1863.64 1742.28 1457.91 1173.11 931.46 744.73 591.01 471.07 379.01 307.34 251.55 201.83 169.20 140.77 119.33 113.39 101.21 103.68 98.42

G 1934.56 1754.10 1423.22 1142.52 904.01 721.40 575.82 464.12 368.11 301.58 246.65 204.07 155.68 137.14 114.55 108.07 101.83 95.33 103.93

H 2110.25 1660.77 1332.33 1065.41 840.38 686.95 553.97 440.80 359.40 293.98 240.48 194.82 162.65 132.24 117.13 103.95 101.35 101.17 106.85

I 1635.46 1434.33 1175.61 961.10 776.46 632.18 507.76 410.45 338.80 278.73 223.65 181.79 153.22 133.09 110.63 101.70 93.12 87.63 111.37

A 1692.50 1595.16 1368.45 1100.20 898.07 729.68 595.34 474.13 390.49 317.06 255.95 210.10 179.09 145.08 120.99 103.88 103.97 102.35 99.00

B 2169.23 1907.81 1507.57 1233.24 985.74 793.53 633.11 505.44 412.78 333.96 251.21 222.19 185.21 157.79 129.07 108.34 106.80 105.57 113.53

C 2092.32 1998.45 1605.46 1291.93 1029.25 830.55 663.27 517.44 418.50 339.59 274.41 228.04 188.32 157.96 129.59 113.64 107.47 103.52 111.13

D 2082.78 2007.58 1647.72 1347.16 1065.49 853.88 678.49 544.36 430.16 350.94 281.07 221.64 185.92 156.62 135.59 119.65 101.63 108.23 103.38

E 2112.95 2047.75 1687.84 1379.60 1083.72 873.91 689.12 544.35 434.69 349.03 282.00 219.10 187.50 158.06 129.09 123.47 104.79 105.01 108.31

F 2146.19 2050.09 1724.89 1361.41 1074.17 849.10 679.08 527.46 432.07 348.12 278.80 230.18 181.85 150.96 128.20 121.51 102.73 101.32 118.48

G 2278.06 2073.48 1647.99 1287.65 1024.86 826.87 649.85 521.58 420.87 339.20 269.86 228.99 189.33 160.25 136.19 117.71 106.30 102.26 107.67

H 2555.55 1978.34 1524.40 1221.64 981.15 777.27 620.91 497.33 400.01 325.58 267.87 214.89 180.98 152.91 126.08 106.03 99.16 97.88 107.92

I 1980.69 1665.57 1376.48 1106.86 885.09 714.75 573.22 466.58 378.98 311.24 254.60 202.42 170.80 147.35 129.70 109.46 100.82 93.27 103.97

A 2838.89 2412.56 1900.89 1514.40 1207.23 974.95 766.16 603.16 489.25 387.06 314.66 252.03 209.48 175.79 149.38 128.14 122.68 111.81 112.44

B 3742.10 2816.32 2198.38 1715.91 1366.94 1054.12 832.61 649.12 516.24 413.81 324.72 264.73 222.20 185.77 158.36 136.32 125.52 125.16 126.55

C 3859.94 2940.08 2349.97 1877.90 1458.34 1127.76 879.63 689.98 540.00 427.89 341.44 271.36 214.52 186.62 159.50 134.00 118.58 126.75 131.50

D 3927.77 3016.14 2425.13 1929.89 1523.85 1166.85 911.75 706.37 548.79 436.66 348.14 269.89 231.51 186.45 162.66 133.95 131.78 124.39 120.81

E 3928.83 3062.68 2440.36 1960.76 1517.83 1181.47 916.54 709.78 556.29 441.28 348.35 284.04 230.85 192.62 161.05 135.75 132.12 125.09 126.79

F 3964.06 3047.62 2455.11 1941.77 1500.73 1155.69 907.56 697.99 552.45 438.46 348.84 279.87 231.43 186.59 162.49 143.05 125.80 130.11 130.56

G 3990.51 3012.11 2369.12 1844.02 1433.60 1113.73 866.31 669.71 533.16 425.11 339.17 261.93 218.83 189.46 155.96 135.43 129.17 119.56 127.76

H 3946.21 2797.36 2184.50 1704.00 1330.80 1043.06 806.01 641.22 505.99 401.49 325.41 261.21 216.01 181.21 146.91 129.24 122.30 118.95 128.53

I 2950.54 2362.56 1853.34 1472.89 1172.72 920.41 731.29 587.25 463.31 378.82 302.41 249.46 204.42 171.26 142.12 131.20 119.78 104.55 132.88

A 3862.63 3467.65 2672.81 2102.86 1630.55 1252.05 965.36 752.89 593.50 470.10 378.77 310.10 247.21 210.60 180.28 156.13 139.97 131.86 153.20

B 5248.28 4152.07 3194.73 2409.74 1830.23 1390.94 1056.44 815.60 627.01 496.06 392.71 321.90 262.90 217.43 182.00 152.83 149.53 142.11 148.29

C 5544.37 4450.78 3429.26 2652.64 1999.16 1486.94 1132.07 857.31 658.28 521.79 412.78 325.41 272.36 228.05 191.92 170.06 151.86 144.13 139.47

D 5655.00 4507.67 3601.74 2748.79 2073.36 1557.29 1157.64 883.12 679.09 530.59 420.71 334.14 275.25 229.93 193.20 170.60 155.68 138.53 133.29

E 5637.54 4615.39 3649.11 2769.26 2101.88 1558.35 1185.04 881.83 676.34 527.67 419.30 337.29 272.07 228.09 192.27 168.54 153.70 144.76 140.06

F 5655.10 4610.42 3565.59 2728.44 2050.14 1523.24 1153.81 869.88 670.38 524.97 417.56 323.20 272.60 231.43 180.54 160.90 153.60 138.87 147.74

G 5527.62 4433.74 3425.67 2577.98 1931.35 1440.95 1104.88 836.97 644.17 503.85 405.32 312.50 266.49 220.83 182.20 156.39 146.63 142.29 149.91

H 5248.63 4060.26 3115.95 2354.23 1761.72 1333.48 1014.43 781.97 614.11 477.21 389.85 313.27 258.49 212.19 170.77 163.31 140.15 132.21 148.60

I 3847.50 3272.73 2539.82 1962.00 1519.22 1177.87 926.63 715.90 566.91 450.53 360.55 293.68 243.16 203.23 177.00 147.53 132.27 133.59 124.59

A 4447.60 4311.49 3375.80 2660.36 2030.68 1560.83 1182.92 937.04 732.26 584.89 474.28 374.65 310.19 262.28 211.80 191.42 171.40 160.13 195.01

B 5675.16 4992.00 3969.53 3018.39 2333.59 1746.83 1313.96 994.23 778.33 616.20 494.84 390.97 321.41 274.06 232.44 199.25 176.78 176.51 192.36

C 6022.50 5374.91 4270.73 3319.83 2509.86 1879.96 1423.52 1088.85 822.06 643.85 501.28 400.75 326.57 267.06 214.47 205.15 184.45 171.38 178.86

D 6156.95 5514.80 4398.76 3474.01 2615.20 1964.36 1471.36 1118.34 848.80 666.20 522.19 414.00 342.50 276.18 237.33 195.51 176.59 159.51 183.42

E 6185.30 5587.58 4496.13 3517.89 2639.36 1967.77 1466.19 1120.35 852.57 672.90 523.74 416.77 335.29 282.47 219.72 206.84 186.27 175.31 181.00

F 6156.99 5603.87 4413.53 3451.54 2580.20 1915.54 1450.48 1109.90 847.12 663.55 517.70 413.19 340.41 266.66 233.26 208.56 174.52 169.36 177.56

G 5945.33 5335.83 4234.85 3261.61 2455.20 1821.48 1367.22 1041.20 800.98 637.61 497.60 404.44 324.46 274.17 231.73 201.12 177.14 172.71 176.07

H 5732.79 4933.83 3816.25 2898.39 2199.22 1685.67 1275.26 971.96 749.46 609.66 464.75 378.22 308.74 258.31 222.87 193.40 165.35 161.21 181.34

I 4398.49 4016.41 3195.53 2488.47 1929.13 1463.33 1143.45 888.07 697.56 564.33 449.29 367.74 297.41 247.97 211.60 181.51 159.70 158.59 182.32

A 4130.83 28586.60 3528.57 27877.30 2584.17 2053.68 1642.43 1314.70 1022.49 804.40 626.51 513.01 421.19 344.95 292.64 243.51 222.98 215.40 202.03

B 5169.48 29323.50 4105.16 28004.40 2816.15 2190.09 1786.67 1426.98 1105.09 864.25 672.85 553.84 440.22 347.94 298.61 243.17 228.43 204.46 243.65

C 5442.77 29647.60 4349.57 28235.00 2933.57 2337.31 1900.15 1517.27 1164.07 921.16 719.69 535.78 455.05 371.08 318.03 273.68 245.64 223.02 230.45

D 5539.58 29774.80 4455.68 28368.10 3088.71 2489.50 1961.19 1565.10 1214.27 944.16 749.57 590.94 473.89 373.45 290.55 281.03 238.36 212.44 221.20

E 5559.08 29767.10 4536.60 28370.00 3175.32 2551.02 1950.35 1549.33 1214.82 959.37 748.17 567.45 458.72 359.90 315.07 270.86 243.76 233.65 245.05

F 5583.08 29773.90 4455.78 28337.80 3094.67 2452.76 1943.56 1521.10 1206.94 932.30 703.67 585.47 467.82 374.41 285.04 261.92 246.77 224.96 256.84

G 5368.88 29573.70 4254.56 28155.90 2946.56 2329.24 1906.88 1487.48 1160.12 911.81 723.70 560.78 453.08 361.14 285.47 236.55 236.63 228.18 246.74

H 5238.27 29226.90 4014.78 27827.00 2692.06 2203.85 1740.09 1342.87 1071.38 839.59 664.93 527.44 431.47 350.98 274.55 252.77 226.27 215.86 228.71

I 4134.07 3870.39 3409.04 2900.36 2474.48 2005.77 1602.28 1253.78 967.51 783.14 620.33 507.45 391.03 333.83 284.87 244.59 214.55 201.84 205.02

A 13219.20 2357.59 2277.87 2091.13 1866.36 1732.62 1555.77 1389.97 1268.49 1115.43 982.59 850.93 711.69 580.87 467.36 404.57 328.92 309.42 292.25

B 13956.40 2960.24 13382.90 13098.50 12794.40 1898.00 12371.70 12232.30 12068.00 1211.17 1067.29 879.35 770.59 631.56 525.39 433.58 384.32 333.33 328.74

C 14042.50 3081.43 13567.50 13270.70 13027.70 2030.19 12512.50 12326.20 12169.00 1291.56 1138.48 952.91 775.30 671.17 534.88 459.82 393.24 353.80 318.70

D 14081.70 3203.62 13707.40 13441.90 13116.10 2184.19 12672.20 12414.20 12240.00 1349.40 1175.22 969.79 846.47 696.76 589.56 458.26 414.41 371.78 359.07

E 14116.30 3230.38 13687.00 13444.70 13149.60 2189.55 12665.70 12467.10 12269.90 1366.60 1178.01 1004.92 868.69 694.92 597.09 496.02 416.72 368.86 348.45

F 14118.40 3164.36 13737.90 13396.10 13153.60 2180.63 12666.80 12466.20 12252.10 1369.77 1158.64 983.07 861.17 693.00 541.34 494.13 393.95 356.11 375.87

G 14061.30 3144.18 13603.00 13355.80 13121.00 2127.58 12587.70 12360.80 12188.90 1350.15 1163.24 1001.02 819.09 622.53 588.63 475.82 395.14 370.65 377.58

H 13989.30 2962.46 13482.40 13189.40 13007.80 2054.30 12558.40 12352.20 12135.40 1267.76 1097.31 964.45 773.67 636.20 539.37 433.43 383.04 329.64 345.68

I 13316.00 2479.54 13092.90 13051.00 12903.80 2014.83 12713.10 12422.00 12097.60 1227.61 1092.01 944.15 771.99 554.53 488.95 407.84 350.84 316.22 355.39
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 



Assessment Of HVAC Load In Light Zones To Determine Energy Efficient Shading For Tall Office Buildings Of Dhaka               Appendix 
 
 

206 
 

 

 

Daylight simulation results of V01 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 977.49 831.78 684.78 541.20 446.13 364.64 288.40 244.52 194.62 161.26 130.04 111.14 88.65 74.12 66.25 60.56 54.22 52.51 57.65

B 1399.08 1091.23 836.55 651.59 512.85 399.05 328.72 259.08 215.58 176.79 146.04 121.22 101.08 82.54 74.52 58.17 59.55 63.31 61.32

C 1337.68 1158.14 931.03 724.76 550.55 438.00 348.42 260.38 225.57 180.89 145.56 122.68 102.42 86.98 77.37 71.14 59.11 61.32 61.89

D 1322.77 1185.24 978.23 749.04 588.76 465.59 374.09 295.95 237.25 174.06 148.92 111.90 99.85 88.07 73.44 69.07 58.36 55.55 63.75

E 1331.71 1188.90 987.35 765.96 597.49 478.46 374.43 299.19 233.32 187.04 157.57 129.92 108.95 91.16 72.14 69.98 64.72 60.48 63.22

F 1369.11 1177.52 952.99 762.55 589.86 455.67 374.54 291.19 220.84 193.20 156.83 128.24 102.62 87.61 77.42 61.22 58.38 61.14 64.96

G 1384.57 1170.33 924.08 735.34 561.13 438.87 334.26 281.07 225.33 182.88 147.93 124.03 103.94 82.96 62.74 66.78 63.71 60.97 63.48

H 1477.25 1132.83 835.51 655.88 510.91 410.46 322.16 258.49 188.68 165.16 139.99 117.21 89.81 73.46 66.93 67.06 54.87 58.50 67.24

I 1129.80 867.57 689.07 535.09 447.22 351.81 284.74 237.81 196.70 155.00 127.03 108.40 88.13 70.50 66.74 61.90 50.76 51.54 76.95

A 1124.64 972.34 786.40 618.95 510.58 399.19 328.07 268.89 218.76 182.90 150.43 126.61 102.01 88.24 77.34 67.80 57.24 58.04 80.37

B 1591.10 1260.93 951.92 734.48 582.73 460.64 367.44 282.14 237.41 194.18 161.93 132.48 111.67 93.55 82.61 65.40 66.33 69.20 66.10

C 1537.68 1328.94 1035.31 807.25 639.57 495.01 393.66 319.45 250.92 203.50 153.58 137.44 118.66 92.05 85.65 77.28 72.67 69.33 71.06

D 1523.67 1342.42 1099.19 853.26 665.81 523.37 415.78 326.62 257.22 212.49 174.39 145.02 119.17 101.18 74.77 68.60 72.63 66.54 73.44

E 1518.63 1402.77 1106.43 898.07 699.97 532.48 428.57 329.70 262.82 211.38 173.87 144.35 115.47 98.51 80.49 77.57 64.54 70.71 70.89

F 1560.17 1377.86 1144.86 871.72 675.44 523.45 409.32 324.24 269.40 206.76 172.43 143.16 116.96 92.97 82.52 77.29 68.79 68.68 72.40

G 1651.30 1417.91 1037.72 833.55 634.98 508.56 401.76 307.13 252.16 206.31 168.91 131.49 116.24 95.11 82.65 67.18 70.41 67.73 72.00

H 1805.88 1304.49 976.57 757.61 591.43 475.99 375.64 296.20 238.50 196.47 154.64 131.73 112.03 89.24 75.14 72.70 67.62 65.74 64.99

I 1338.56 1015.49 783.63 639.22 515.93 425.34 328.55 263.55 217.59 178.55 150.03 120.43 106.02 87.49 78.18 65.23 65.80 62.21 83.90

A 1341.26 1175.18 943.31 738.89 609.56 504.87 386.98 323.82 262.22 206.63 173.02 145.75 115.30 95.38 92.66 72.10 66.85 67.59 85.72

B 1967.00 1480.79 1121.90 872.13 687.13 533.72 426.01 339.97 271.92 228.57 181.64 152.02 123.98 110.92 88.20 80.40 72.81 74.64 83.10

C 1885.31 1584.00 1212.93 991.97 758.54 603.54 465.52 369.81 294.43 239.89 195.78 163.02 127.78 104.90 96.02 80.64 82.09 76.12 83.10

D 1880.30 1643.56 1291.30 1020.37 778.37 622.12 488.18 384.65 290.17 240.32 201.83 166.70 135.96 103.39 94.47 78.14 72.94 72.91 75.58

E 1942.84 1707.17 1305.78 1031.42 799.16 638.16 496.27 386.06 309.10 249.09 196.46 166.58 133.96 110.56 97.66 83.65 76.77 69.12 80.93

F 1939.34 1714.91 1344.21 1030.19 811.86 631.37 498.67 391.99 301.06 252.30 193.47 165.58 134.49 109.39 92.22 88.79 74.10 77.29 79.56

G 2083.44 1735.12 1306.17 994.52 786.63 612.95 462.93 366.56 287.02 242.40 184.64 151.95 127.34 102.05 99.95 76.41 77.86 73.09 87.82

H 2226.33 1553.50 1160.42 919.49 708.07 563.09 438.72 353.93 282.00 228.43 180.04 156.57 124.96 104.84 85.41 78.20 73.75 70.11 80.19

I 1588.52 1304.27 972.31 794.73 624.34 511.86 393.85 316.95 252.62 212.12 173.06 141.19 119.07 100.27 87.57 79.07 65.68 65.86 73.12

A 1632.20 1382.89 1073.75 878.49 682.69 549.56 450.96 357.77 291.27 240.14 192.40 154.53 129.09 113.39 88.50 84.01 78.83 77.00 97.40

B 2337.20 1781.88 1363.46 1003.83 801.10 635.45 508.68 383.61 315.25 262.75 202.20 164.30 141.78 118.69 102.76 82.15 82.76 82.11 87.40

C 2367.62 1898.87 1503.99 1119.24 867.66 684.72 519.35 418.58 334.98 272.58 211.41 181.88 144.50 117.45 106.70 95.28 85.70 82.51 87.12

D 2330.93 1958.14 1496.35 1184.43 925.34 708.47 548.79 443.70 338.98 276.65 225.44 180.60 146.39 124.64 107.16 96.91 89.66 86.08 80.30

E 2273.47 1993.72 1593.79 1227.88 940.79 746.06 562.38 445.39 351.40 282.08 223.89 185.57 152.61 125.49 105.61 91.86 86.93 85.63 81.62

F 2384.01 2007.58 1646.21 1234.69 943.41 717.61 570.05 439.48 344.46 277.36 226.59 184.98 145.75 128.14 109.89 99.24 87.41 88.55 84.77

G 2562.98 2077.86 1565.53 1142.19 904.62 679.19 550.51 427.86 340.19 273.35 224.29 181.49 143.22 115.89 105.46 99.11 88.02 82.07 85.54

H 2745.99 1941.90 1434.26 1100.60 823.97 644.26 505.89 392.44 315.77 264.72 213.31 178.67 134.21 122.18 105.73 89.16 79.01 76.66 82.71

I 1854.12 1516.42 1156.54 924.37 712.76 565.58 464.81 358.57 289.68 244.27 201.97 164.14 133.13 107.32 100.73 85.25 77.52 74.80 83.42

A 2445.87 2024.28 1557.77 1231.31 942.88 748.25 602.74 482.37 381.48 310.27 257.56 210.76 170.83 144.95 118.61 111.14 99.83 89.66 111.00

B 3532.54 2498.25 1806.77 1402.21 1065.03 826.89 643.39 519.04 404.76 336.75 270.19 218.74 173.49 154.34 127.23 110.11 95.41 101.21 106.21

C 3878.69 2747.97 2036.96 1545.26 1178.36 897.24 702.42 550.59 426.01 344.09 279.64 227.74 183.24 152.49 127.33 112.76 104.79 108.52 102.34

D 3922.63 3034.35 2211.29 1657.60 1259.57 948.88 732.37 576.51 450.36 356.40 278.07 230.21 185.57 155.82 138.42 119.37 110.77 100.91 104.85

E 3927.29 3112.42 2348.66 1736.16 1307.57 958.67 760.04 589.67 456.53 366.88 291.38 240.04 188.69 157.62 133.12 117.07 106.46 105.54 96.31

F 3917.74 3150.42 2370.38 1777.54 1336.68 1018.10 768.11 587.70 462.25 373.31 291.96 219.94 195.70 156.45 138.49 108.40 114.42 105.48 109.00

G 4272.64 3234.44 2361.49 1752.04 1304.83 1003.07 749.31 581.25 452.60 367.89 287.02 225.96 194.14 163.42 141.29 122.47 110.58 110.68 120.14

H 4476.30 3069.20 2217.37 1656.29 1242.82 958.49 734.60 575.06 440.20 354.13 289.15 231.73 183.60 155.85 129.02 122.88 115.60 114.23 125.51

I 3319.54 2678.35 2006.43 1476.55 1134.46 884.88 672.45 537.28 415.33 341.66 269.52 218.29 187.39 138.48 124.39 114.28 106.76 111.52 146.24

A 43940.00 2642.55 2053.94 1537.92 1239.16 947.47 751.49 605.36 473.24 390.74 305.88 250.83 204.18 173.72 153.64 120.21 114.05 103.28 111.71

B 4246.98 3264.27 2456.01 1805.77 1378.61 1067.85 819.14 630.41 510.66 407.17 328.93 252.53 215.77 185.52 151.09 136.98 112.65 116.37 125.00

C 45118.40 3449.74 2674.47 2001.29 1521.89 1131.56 871.67 695.15 550.56 429.82 351.01 256.69 219.54 174.66 160.34 140.32 124.50 118.24 133.76

D 45187.70 3666.16 2747.37 2108.23 1604.71 1211.40 937.67 734.53 536.59 445.54 352.70 289.40 229.21 186.46 154.95 138.72 118.40 114.18 122.12

E 4811.96 3869.48 2937.32 2214.77 1656.53 1244.50 958.74 719.71 570.25 451.75 360.31 278.42 239.79 190.38 163.23 139.77 120.08 114.14 122.89

F 4858.23 3864.94 2931.15 2159.21 1661.96 1267.16 946.50 730.46 577.85 455.51 340.01 288.43 217.86 195.78 159.00 130.56 123.93 114.05 120.23

G 45432.40 3899.82 2873.98 2144.89 1622.72 1229.67 930.78 717.51 524.67 444.72 358.93 285.41 223.45 184.98 162.18 137.86 126.09 113.80 126.23

H 4978.56 3792.29 2725.38 2018.38 1476.11 1151.85 886.75 692.37 542.77 419.57 342.25 271.62 224.58 172.96 156.64 139.13 118.57 113.59 119.58

I 3840.99 3117.48 2333.43 1777.57 1371.64 1054.99 819.86 635.32 516.23 403.78 320.71 256.40 209.05 178.74 147.08 124.99 116.75 107.47 120.08

A 39334.00 4258.07 2777.04 2237.71 1655.33 1302.64 987.76 782.62 634.31 498.75 412.17 318.50 267.93 213.33 179.37 149.92 146.88 140.68 209.69

B 40306.50 39598.10 3314.12 2472.66 1922.28 1504.84 1147.90 880.93 699.87 558.70 430.29 346.68 287.37 229.38 185.50 152.59 155.74 138.07 149.90

C 5166.51 39670.60 3441.10 2747.33 2152.25 1586.83 1225.97 979.53 761.17 568.74 463.91 366.30 284.51 239.99 208.80 177.60 155.24 151.05 141.08

D 40566.90 4569.46 3550.33 2810.34 2150.88 1718.01 1315.71 989.57 773.86 607.52 470.56 379.51 292.52 247.11 200.77 180.39 147.10 147.18 147.38

E 40699.40 40039.00 3637.16 2795.54 2179.55 1729.11 1333.96 1034.24 775.36 616.27 487.80 376.77 302.98 247.42 208.50 183.03 166.57 145.41 161.84

F 40709.90 40119.70 3721.82 2872.67 2253.06 1734.64 1305.21 1001.11 787.57 607.97 484.33 381.06 304.66 245.25 209.69 174.36 159.09 151.62 156.33

G 5212.51 4437.44 3559.81 2808.14 2130.94 1661.56 1258.05 967.66 737.89 584.44 459.25 366.98 291.02 240.31 208.04 170.40 163.53 147.58 162.09

H 40812.40 39990.10 3313.66 2610.87 1985.46 1538.51 1182.57 915.33 699.05 548.39 432.41 351.28 285.17 228.26 193.61 171.91 148.53 152.72 161.42

I 4095.82 3519.46 2864.60 2252.38 1737.79 1364.55 1050.04 806.98 647.05 512.20 404.81 316.15 273.99 227.10 189.90 158.89 134.85 137.42 169.83

A 28152.80 3336.86 27625.80 27311.80 2281.79 1830.56 1479.66 1149.45 892.75 706.85 542.67 445.03 369.24 306.50 248.97 206.35 191.16 180.31 180.64

B 28989.00 28743.70 3596.05 27527.50 2474.55 2016.40 1616.05 1298.49 995.36 817.58 578.81 486.69 384.03 318.21 268.16 232.91 197.27 189.79 199.05

C 29148.50 28719.00 28275.20 27744.40 2610.31 2150.13 1737.05 1383.03 1119.34 826.98 665.35 521.64 414.99 323.83 270.24 214.36 220.70 190.38 195.37

D 29094.20 28872.00 28422.60 27898.50 2833.29 2295.59 1872.94 1454.77 1150.28 864.88 641.69 562.05 428.19 341.68 288.69 221.97 218.68 189.89 179.43

E 29187.80 29070.00 28306.20 27939.50 2814.21 2355.72 1837.45 1506.39 1155.32 924.23 637.66 506.30 426.62 326.68 278.23 248.38 222.88 196.14 204.47

F 29114.10 28758.10 3836.44 27891.50 2801.93 2235.22 1762.63 1438.92 1144.26 907.62 698.90 526.52 432.84 336.27 260.10 250.88 222.49 192.22 208.98

G 4618.96 28865.80 28388.80 3198.12 2614.40 2156.65 1705.34 1389.53 1102.34 853.33 675.57 505.87 403.76 345.20 259.65 226.14 206.94 199.93 212.85

H 29107.00 4143.77 28143.30 27512.10 2459.86 1966.50 1661.39 1294.93 981.60 771.74 600.80 497.12 393.99 311.42 254.59 218.76 193.02 194.80 195.27

I 28071.20 3319.83 3010.75 2652.58 2242.13 1809.69 1431.13 1152.62 871.62 718.21 568.43 446.77 358.19 293.72 259.01 218.32 189.45 168.10 214.93

A 2197.18 1921.93 1859.29 1749.22 1592.18 1473.36 1381.62 1303.91 1183.33 1091.65 910.51 776.93 599.38 482.67 410.61 332.21 286.64 243.76 246.01

B 13598.30 13370.60 2332.67 12812.90 12615.00 1738.83 12265.50 12112.60 11953.00 1122.96 971.15 836.27 651.35 537.80 443.78 383.12 323.02 284.44 297.56

C 13587.70 2761.33 13216.20 12963.10 2005.59 12543.70 12341.90 12150.60 1321.30 1176.47 1026.64 881.05 689.71 608.01 462.21 381.46 353.13 311.36 293.79

D 2874.71 13547.30 13293.10 2315.88 12878.20 12623.40 12458.20 1535.85 12104.30 1270.86 1096.56 948.31 733.91 588.03 491.98 407.04 367.45 324.53 298.34

E 13576.20 13495.30 2485.07 13058.20 12863.50 12703.00 1727.94 12259.10 12152.70 1258.30 1123.61 893.65 798.65 633.92 483.37 424.52 371.97 339.28 320.11

F 13690.80 2664.33 13211.20 13077.20 12802.80 1937.97 12454.80 12192.60 1453.28 1248.66 1112.12 944.62 739.62 629.91 533.11 438.75 378.58 323.31 302.07

G 2869.99 13434.30 13162.10 12981.70 2094.91 12580.30 12310.70 1491.14 12083.60 1268.89 1077.95 907.74 751.56 594.41 488.82 407.44 334.31 322.93 304.69

H 13632.20 13264.60 12971.30 2184.13 12741.70 12408.30 1552.00 12112.80 12034.50 1070.07 947.81 806.64 731.72 584.58 478.08 408.44 335.89 298.60 273.97

I 12798.90 12733.40 1869.36 12540.80 12696.30 1820.61 12249.70 12222.00 1231.77 1120.24 969.64 817.61 633.04 493.87 421.30 332.53 279.09 258.53 253.10
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denoting area of dark zone 
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Daylight simulation results of C01 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 1351.94 1219.18 1018.11 821.82 669.91 544.98 444.77 348.43 288.33 239.56 198.06 159.76 133.86 112.10 98.33 76.88 82.35 79.50 81.20

B 1836.38 1453.28 1160.12 929.27 739.93 585.17 472.45 381.04 305.17 254.62 209.51 167.10 145.27 117.56 103.88 92.60 88.83 79.24 89.78

C 1829.35 1576.93 1240.78 1005.89 780.50 618.84 496.69 396.54 321.32 260.78 215.90 174.82 147.82 118.47 101.58 92.86 82.99 82.86 97.97

D 1822.37 1596.26 1299.24 1018.28 808.47 655.01 513.70 409.87 320.24 267.69 218.70 180.28 145.14 116.36 104.26 97.21 91.32 89.79 93.09

E 1815.77 1613.30 1301.97 1057.86 822.69 646.72 522.30 416.75 319.98 271.36 219.99 183.16 150.14 125.18 109.15 93.41 92.14 82.29 89.67

F 1834.06 1602.18 1310.92 1043.84 826.92 649.62 522.47 404.14 330.00 266.62 213.46 180.35 127.38 122.63 108.47 92.54 91.81 88.22 92.60

G 1856.51 1581.49 1271.95 995.31 794.83 626.27 504.68 402.49 324.10 265.29 214.70 174.11 148.96 124.02 110.10 95.62 89.39 83.83 91.48

H 1883.10 1470.74 1173.89 943.53 745.55 596.02 472.34 384.77 312.95 254.75 204.81 170.03 136.21 118.81 106.76 88.11 90.58 81.26 89.02

I 1403.10 1232.91 1032.85 848.69 680.85 555.29 437.75 363.57 293.28 240.74 198.74 162.98 132.93 118.89 94.72 89.30 80.29 79.59 82.47

A 1551.49 1391.42 1133.03 921.34 752.86 611.09 494.83 398.66 323.43 265.04 219.15 180.01 145.52 121.44 106.62 99.88 87.12 82.37 104.02

B 2097.11 1654.71 1300.28 1040.24 825.03 664.72 527.50 426.01 346.16 280.52 227.56 189.67 159.13 137.29 117.73 101.28 96.76 92.49 92.82

C 2087.72 1762.23 1405.92 1137.55 893.19 706.08 558.51 447.52 355.97 289.79 234.21 185.10 159.00 135.62 113.45 107.21 94.30 87.76 102.28

D 2090.78 1802.34 1445.80 1166.46 916.78 729.08 572.75 457.28 362.03 294.84 237.87 197.72 157.49 133.88 118.50 102.38 98.44 96.01 87.14

E 2088.49 1811.03 1481.29 1192.88 938.20 738.50 583.79 461.72 372.40 297.35 244.16 201.55 166.24 135.71 119.06 104.03 100.51 95.23 91.17

F 2103.05 1806.64 1460.32 1182.81 929.30 724.92 588.70 458.80 371.62 297.42 240.85 201.05 165.77 136.51 113.98 107.12 99.73 93.34 92.37

G 2136.03 1764.59 1437.41 1134.89 887.35 707.68 568.37 456.50 361.04 292.32 239.07 197.37 154.61 133.55 115.45 101.69 96.28 93.23 88.53

H 2193.84 1679.19 1321.19 1060.71 843.35 671.20 539.83 428.54 345.53 282.94 233.34 185.48 158.78 132.21 108.58 94.11 94.41 89.92 90.88

I 1594.52 1400.99 1162.14 945.20 761.56 611.54 493.39 394.77 322.58 268.41 218.95 182.30 151.80 123.77 101.43 94.15 85.21 85.16 102.41

A 1836.68 1620.80 1313.02 1061.03 856.20 691.16 554.90 439.11 361.06 292.13 245.80 206.23 159.47 137.13 123.50 107.22 101.37 97.42 108.95

B 2470.30 1932.97 1502.94 1189.41 946.53 754.54 594.38 481.83 387.59 316.05 260.04 213.64 176.82 145.72 127.02 111.57 104.87 101.23 111.56

C 2455.75 2051.22 1605.00 1288.48 1010.49 795.01 629.94 502.80 403.43 327.51 267.22 218.82 179.92 146.94 131.92 116.64 109.89 108.71 102.96

D 2455.42 2092.56 1669.71 1311.34 1034.53 818.60 651.45 505.83 410.18 334.24 270.49 220.68 185.63 157.23 126.17 119.59 110.21 100.95 112.22

E 2438.91 2125.89 1692.36 1344.43 1052.28 840.07 662.00 516.34 412.33 336.53 273.63 218.81 185.66 157.02 126.56 112.99 113.52 98.72 103.43

F 2494.00 2124.97 1696.69 1328.87 1046.99 814.04 653.74 509.50 411.33 334.55 271.54 223.24 179.37 150.73 130.75 119.08 106.71 105.75 102.22

G 2542.72 2103.95 1633.89 1284.32 1010.67 791.66 630.99 495.92 404.53 326.47 266.10 217.00 181.23 153.33 132.44 106.95 103.98 105.41 110.97

H 2644.04 1947.34 1521.50 1205.09 950.61 753.09 600.32 479.74 387.67 316.84 255.87 211.20 176.23 145.99 128.64 109.28 106.57 100.96 110.50

I 1860.03 1618.46 1325.51 1069.56 854.62 689.70 557.15 445.40 361.32 293.90 240.40 201.64 163.52 142.71 111.19 108.67 96.96 96.87 111.02

A 2247.93 1952.18 1573.56 1231.04 965.95 779.42 625.85 503.27 408.28 334.02 277.46 227.50 184.24 157.68 130.46 106.54 107.64 105.23 122.66

B 2990.86 2333.61 1786.83 1377.76 1090.47 853.18 683.37 533.47 430.14 352.97 282.16 235.47 187.41 168.36 137.95 111.58 115.63 113.74 117.89

C 2964.59 2466.34 1883.22 1488.97 1164.89 902.51 707.72 557.84 453.19 365.92 298.00 241.00 187.82 160.68 145.42 122.40 113.94 105.51 119.56

D 3005.60 2494.19 1966.64 1535.84 1200.32 929.93 726.23 577.72 464.45 371.42 299.57 246.71 202.15 163.11 143.07 116.75 118.14 116.00 107.95

E 3007.37 2539.30 1995.85 1554.93 1200.67 950.06 744.47 583.90 456.36 370.81 297.96 247.63 203.14 165.77 138.92 131.95 116.91 111.15 109.84

F 3044.23 2543.16 1980.10 1558.24 1192.25 930.55 731.51 579.86 457.44 368.31 301.67 242.85 204.70 166.29 145.74 129.88 120.73 118.49 109.63

G 3062.17 2530.22 1925.54 1479.14 1153.12 896.48 700.54 552.32 445.01 362.59 289.48 234.77 200.49 165.63 144.25 127.14 118.53 113.36 115.00

H 3283.97 2330.30 1768.13 1363.84 1067.34 852.94 678.73 529.55 427.08 340.52 283.02 230.66 195.02 159.06 137.13 117.48 109.01 111.24 112.12

I 2186.09 1884.00 1513.31 1217.95 965.69 777.93 616.61 500.07 397.81 329.08 267.59 222.61 179.07 146.47 132.82 114.80 104.40 106.07 103.26

A 3434.35 2829.69 2177.76 1677.31 1301.40 1011.76 791.72 623.23 497.73 407.39 325.63 266.35 221.56 186.84 155.31 140.38 126.23 109.32 118.23

B 4359.04 3447.18 2547.07 1905.99 1438.30 1104.02 844.63 669.92 527.96 428.31 344.43 278.68 232.85 198.52 167.49 130.85 131.42 129.52 138.76

C 4474.60 3674.94 2764.01 2073.60 1541.00 1165.90 891.68 699.26 548.37 429.09 354.83 291.57 233.07 202.01 171.23 147.92 135.98 126.96 136.36

D 4511.90 3771.54 2856.03 2140.80 1573.95 1217.83 926.93 723.98 563.18 449.43 363.88 294.04 240.80 197.54 175.23 150.00 137.15 133.32 121.66

E 4568.05 3818.93 2890.43 2165.63 1606.39 1227.38 935.60 724.31 565.98 451.24 365.02 297.48 245.51 194.91 166.04 155.01 139.72 131.33 136.22

F 4564.53 3842.25 2905.40 2130.42 1582.74 1205.98 910.62 714.03 563.69 443.57 359.11 295.76 242.19 198.34 174.99 150.85 139.36 127.51 137.83

G 4591.19 3669.55 2718.74 2027.15 1518.89 1141.47 877.48 692.59 543.07 437.41 352.48 290.15 235.10 201.65 173.19 138.62 134.43 131.50 136.06

H 4588.44 3369.98 2445.77 1838.69 1390.52 1082.86 837.86 656.72 522.49 416.77 340.97 271.66 227.62 189.63 161.49 136.23 126.30 130.19 133.65

I 3091.94 2625.24 2073.82 1586.20 1222.22 968.52 750.72 605.25 483.87 391.83 319.66 262.76 209.10 184.22 157.67 131.21 125.58 114.52 153.66

A 45114.00 3754.54 2851.73 2190.15 1654.47 1288.00 1012.45 785.62 614.56 490.61 400.12 330.53 259.87 222.56 180.79 155.07 137.95 136.89 132.29

B 46106.80 4447.21 3332.96 2480.83 1880.73 1404.59 1088.69 841.92 651.87 520.73 413.49 339.71 269.96 234.12 192.18 165.97 154.38 145.26 153.70

C 46241.20 4715.93 3598.21 2703.42 2018.23 1515.85 1144.35 895.52 683.02 543.63 437.47 347.00 280.32 237.33 197.48 173.63 153.01 148.71 144.38

D 46272.30 4856.09 3748.58 2773.09 2094.61 1562.72 1185.70 916.96 702.84 558.44 442.09 358.49 289.00 241.91 201.91 172.15 158.10 152.09 153.77

E 46444.20 4892.05 3748.90 2865.84 2112.51 1578.38 1203.81 915.45 712.38 555.89 441.47 360.20 293.07 234.72 190.95 176.05 161.76 153.45 151.34

F 46316.20 4875.28 3717.84 2772.77 2083.10 1557.52 1182.96 897.71 698.15 555.43 437.21 346.99 289.38 240.06 203.92 156.84 153.40 155.12 149.74

G 46286.10 4709.43 3554.03 2634.52 1965.94 1472.65 1122.71 873.74 671.18 532.03 429.02 344.96 281.74 238.75 195.26 162.60 154.62 147.48 159.54

H 46205.20 4284.62 3198.72 2362.84 1775.91 1361.79 1040.33 804.97 641.42 509.47 410.46 331.12 273.23 221.79 190.70 166.28 152.76 139.02 143.99

I 3947.70 3360.20 2643.70 1998.65 1546.27 1215.47 943.23 743.81 585.74 468.96 384.30 313.66 263.63 209.60 176.97 161.40 147.23 138.60 152.14

A 5123.98 5236.42 3810.65 2881.22 2235.42 1724.33 1289.83 1034.58 822.64 645.91 515.00 419.26 343.12 281.27 238.83 187.22 186.52 166.19 187.27

B 6178.30 5252.81 4251.97 3198.81 2494.57 1889.09 1444.06 1109.45 876.65 688.15 541.43 433.85 338.71 293.12 252.51 200.98 189.50 188.99 185.86

C 6197.82 5522.84 4520.83 3420.72 2673.95 2041.61 1554.20 1182.27 916.60 720.95 564.96 445.02 359.17 299.50 249.97 217.60 204.57 183.04 200.63

D 6392.04 5684.60 4589.90 3565.68 2716.22 2134.71 1604.92 1236.48 928.05 734.64 564.44 459.96 371.02 280.27 249.46 223.33 186.84 190.57 179.13

E 6360.43 5679.07 4633.61 3622.73 2799.44 2135.22 1621.37 1236.36 945.90 743.49 579.41 461.61 375.16 307.72 256.61 209.38 203.75 184.37 193.20

F 6260.41 5655.08 4539.32 3562.81 2718.30 2088.70 1576.73 1206.64 942.34 730.43 577.11 461.12 369.79 293.49 254.42 210.10 204.69 193.26 196.25

G 6206.69 5541.20 4412.43 3366.95 2573.47 1958.25 1506.72 1157.60 896.47 704.47 549.80 442.75 345.03 296.41 249.79 217.22 187.78 181.43 201.47

H 6078.69 5206.92 3976.43 3073.68 2359.10 1786.42 1397.96 1073.39 848.20 664.12 521.77 417.63 343.21 280.19 241.79 199.10 188.55 182.38 194.43

I 4617.58 4119.68 3366.05 2639.76 2035.39 1600.29 1233.19 961.20 775.38 619.74 485.52 395.32 325.47 267.40 221.19 198.02 172.56 171.93 170.44

A 29123.70 28906.80 28374.90 28012.10 2805.27 2314.41 1821.22 1404.85 1115.43 866.64 690.14 561.92 464.32 375.11 310.97 249.33 240.14 204.84 218.89

B 30103.80 29760.00 28940.10 28275.90 3050.74 2471.60 1993.31 1575.90 1213.49 976.20 757.83 585.62 476.63 385.82 319.85 251.23 253.45 235.21 241.51

C 30228.90 29926.90 29165.60 28440.70 3249.57 2605.60 2110.98 1681.37 1289.53 1028.45 803.90 634.62 514.94 391.84 320.75 279.31 251.27 226.74 259.49

D 30291.20 30086.30 29422.00 28641.70 3329.37 2677.33 2185.84 1718.70 1354.13 1066.15 819.42 652.84 523.53 429.14 306.10 284.59 257.84 226.10 246.67

E 30442.60 30092.20 29415.70 28727.10 3322.44 2713.95 2229.63 1746.37 1336.52 1078.95 830.57 658.86 530.07 411.53 357.17 305.29 264.60 227.81 242.31

F 30263.30 29952.10 29259.80 28556.50 3299.54 2720.15 2175.54 1682.03 1333.14 1061.90 826.38 652.33 522.76 397.12 346.10 299.53 268.56 227.53 239.20

G 30243.00 29886.00 29237.00 28436.50 3148.91 2524.64 2073.60 1589.01 1261.56 1010.26 796.10 599.27 496.03 411.51 328.63 288.92 255.18 239.59 240.44

H 30077.90 29612.40 28847.50 28118.80 2940.47 2366.38 1898.36 1520.34 1191.96 948.28 745.86 576.87 445.57 383.53 323.82 279.68 226.39 233.86 244.44

I 28934.00 4102.14 3690.08 3141.57 2711.68 2182.53 1752.33 1374.61 1082.50 860.30 680.78 543.71 411.28 372.12 311.58 266.85 229.39 217.99 266.86

A 13394.40 2502.66 2361.93 2154.67 1974.70 1808.01 1674.16 1526.15 1398.10 1269.45 1095.60 937.83 734.87 618.71 501.19 426.88 349.96 332.52 363.71

B 14270.50 13981.40 13563.70 13228.80 2256.85 12741.60 12555.40 12340.40 12202.10 1328.61 1166.25 992.12 799.07 635.18 566.41 468.36 396.71 358.83 363.20

C 14298.30 14088.50 13830.80 13411.70 2473.14 12863.80 12649.60 12466.10 12316.40 1408.35 1212.72 1049.41 850.38 718.61 588.39 505.35 436.47 382.82 368.28

D 14308.80 14176.80 13888.30 13630.50 2540.71 12980.60 12752.10 1875.96 12348.70 1472.92 1282.41 1088.10 922.16 757.81 593.10 516.95 441.75 368.54 394.68

E 14394.90 14160.40 13911.60 13655.90 2627.22 13037.20 12812.00 12613.40 12417.40 1497.63 1313.11 1106.09 933.93 736.11 637.68 492.94 448.61 394.43 382.06

F 14325.90 14157.90 13923.60 13663.10 2629.83 13023.70 12813.80 12592.90 12397.10 1504.29 1306.23 1116.87 899.10 700.06 609.48 524.71 434.26 400.10 390.10

G 14271.10 14086.30 13793.50 13526.30 2509.10 12986.30 12687.90 12545.60 12324.20 1444.98 1256.21 1019.20 911.70 751.89 620.81 491.98 410.22 398.94 371.07

H 14326.00 14025.70 13706.60 13403.50 2435.45 12924.60 12702.70 12486.10 12281.50 1407.84 1212.33 1041.39 818.77 678.46 547.07 441.90 389.03 366.12 362.66

I 13492.50 13381.70 13306.60 13092.70 2494.06 12986.40 12796.60 12576.40 12263.00 1348.08 1188.78 1000.34 790.53 645.40 531.24 406.05 352.50 327.28 354.42
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of C02 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 856.173 735.491 563.774 471.482 373.404 310.777 257.98 209.48 165.886 145.894 118.393 95.7066 73.9929 71.8076 67.4998 55.1302 51.2118 49.7796 55.2861

B 1251.57 954.135 720.872 541.823 432.081 344.438 272.08 219.452 190.143 150.353 129.176 106.684 90.0498 63.939 65.7174 58.9149 53.3566 53.8092 63.3203

C 1164.71 1006.67 778.791 599.195 451.536 392.627 294.666 245.521 196.839 161.746 127.889 103.855 93.9581 71.4185 64.7857 57.3154 51.9403 54.3574 62.2742

D 1156.06 1031.3 799 649.021 497.453 404.296 322.125 255.345 201.432 153.768 137.433 104.201 92.3546 76.4768 65.9669 57.219 52.5781 53.9388 57.286

E 1167.03 1021.66 843.231 662.814 498.447 409.013 304.463 260.606 211.504 169.269 114.325 113.087 85.4632 77.8776 61.6205 60.5189 59.4387 58.2586 51.4951

F 1165.88 1035.86 858.603 680.244 530.518 411.494 321.37 238.289 207.932 160.876 132.694 107.517 90.8792 71.0472 65.0944 55.7399 53.0222 56.946 58.5871

G 1266.39 1029.6 778.924 641.316 494.587 393.128 304.21 241.733 205.223 171.801 132.311 101.153 92.094 72.5066 65.1195 56.9124 51.5766 59.5174 59.1352

H 1405.21 959.178 757.086 562.548 459.323 374.849 281.921 236.94 192.537 153.745 127.666 102.525 87.7215 71.0951 58.1227 52.7968 55.5392 51.0226 53.3232

I 1093.68 804.675 604.732 502.017 391.704 319.273 258.744 209.882 165.333 139.812 114.668 98.6102 79.5582 69.7859 52.6607 48.7912 52.3222 49.0527 84.3384

A 999.627 821.195 661.493 537.045 444.72 352.479 296.421 242.632 200.44 158.226 134.419 104.882 92.4694 75.6396 72.1933 62.3648 56.4173 57.9393 62.7144

B 1413.48 1095.02 789.065 621.915 482.904 389.828 322.819 266.078 208.806 166.851 146.467 116.18 90.5827 83.9592 77.0923 59.951 62.1749 61.3138 69.2616

C 1364.45 1099.11 909.505 708.583 553.728 422.42 347.971 281.701 226.087 183.2 150.171 111.563 98.6997 84.3516 72.6555 65.5509 63.369 61.9852 67.4444

D 1320.42 1155.98 918.423 758.441 591.647 468.755 358.724 280.939 228.92 188.656 150.289 110.477 102.397 85.5594 75.2752 69.0633 65.9781 61.1705 63.3643

E 1290.67 1240.41 977.903 783.586 612.561 492.171 370.417 296.585 243.066 192.284 157.818 130.563 104.527 84.5011 74.2347 67.6226 58.4239 62.2522 65.8615

F 1408.32 1262.19 975.015 776.014 637.628 479.731 378.667 292.762 247.689 195.517 152.001 127.177 105.528 85.585 73.9864 66.5739 67.7679 64.3146 67.3259

G 1504.06 1277.74 969.944 724.406 587.429 461.358 361.039 295.318 235.766 192.261 150.232 120.3 103.268 87.3653 75.1071 67.1447 63.447 63.185 63.5806

H 1704.58 1163.22 877.939 708.475 543.907 433.606 346.181 272.031 226.684 179.838 143.148 123.146 99.8841 84.0108 71.5246 61.9076 56.8997 63.6768 61.0935

I 1342.85 955.424 749.48 599.74 486.32 384.289 306.884 246.273 199.55 162.658 136.393 110.679 91.2967 73.8425 71.2899 56.5403 53.7706 52.7239 74.4134

A 1155.17 951.549 780.431 606.422 513.914 434.331 332.893 272.574 227.007 185.003 154.539 128.199 108.377 87.8997 78.4888 66.4928 64.6195 63.6373 88.7759

B 1723.76 1331.04 979.395 722.871 576.078 454.839 365.205 292.12 240.773 179.541 167.331 135.103 113.399 81.7249 76.8456 68.1428 64.6603 66.677 70.0738

C 1614.41 1409.91 1079.21 829.253 647.69 498.6 380.03 325.118 262.65 203.491 163.194 133.888 106.036 94.2393 82.1461 74.3741 72.339 68.2437 77.6781

D 1571.51 1409.76 1120.41 874.498 679.295 535.493 422.951 324.252 264.813 200.204 175.857 135.955 118.761 98.9114 82.6334 78.3598 74.1954 71.5541 70.1724

E 1649.46 1399.6 1153.36 921.132 715.948 565.025 438.354 335.023 273.249 223.41 184.275 147.248 115.421 97.8119 85.539 78.4171 71.8488 69.1085 68.7454

F 1697.09 1510.55 1196.73 884.269 699.802 565.656 428.686 342.844 272.664 222.697 180.288 146.566 114.822 97.634 83.301 79.3706 70.7662 66.5006 73.5962

G 1872.86 1483.43 1126.8 876.079 674.455 537.962 411.63 317.937 262.573 211.129 178.847 138.597 120.736 100.526 77.8572 71.6197 67.6338 70.2805 68.6899

H 2101.23 1415.84 1060.42 839.315 626.725 494.204 400.996 310.864 256.909 204.792 169.32 137.238 112.111 97.1445 83.4324 72.5446 68.494 68.8881 69.7479

I 1462.98 1164.39 890.081 726.383 558.099 438.304 349.073 278.635 229.987 192.506 156.155 130.47 102.83 88.8352 77.7643 65.1904 60.1513 62.3197 66.0538

A 1404.82 1188.18 943.058 718.853 580.54 483.661 382.197 312.436 246.908 209.956 175.802 135.219 114.204 96.6224 89.5225 79.166 70.7046 72.7773 91.8573

B 2003.17 1537.99 1125.69 818.848 655.023 505.137 406.001 323.478 267.601 214.303 180.107 145.163 120.305 103.075 92.3757 77.9017 77.0974 77.5706 84.0005

C 1837.62 1607.86 1177.48 935.553 714.205 567.008 450.368 355.338 279.257 230.404 184.296 148.422 130.997 107.789 90.1157 76.8393 73.3482 73.8393 83.0853

D 1881.95 1616.49 1244.9 956.627 748.111 609.199 466.478 362.942 292.031 238.068 198.207 151.518 134.263 108.357 95.4356 90.2842 74.5039 79.5146 74.8838

E 1882.4 1615.03 1307.83 1048.27 780.675 627.733 467.706 380.096 300.812 243.222 184.026 162.8 122.804 105.414 92.3861 81.9692 74.2208 81.9074 79.0578

F 1957.86 1675.59 1360.23 993.175 783.737 619.188 479.158 365.232 305.053 242.368 196.716 161.571 122.576 105.894 91.4673 83.9595 79.8 78.0665 87.1918

G 2128.7 1715.23 1289.12 981.424 767.459 586.522 460.318 364.919 286.779 237.044 190.2 139.219 130 105.587 96.1971 79.6161 82.0586 75.2622 86.909

H 2374.1 1621.1 1181.96 896.171 662.04 551.15 430.77 340.246 277.671 225.022 181.817 150.117 116.91 97.2093 89.7431 80.0451 74.8724 73.0347 82.0867

I 1543.62 1235.48 990.238 769.464 607.763 489.89 394.644 316.211 253.514 199.153 171.195 141.466 101.888 95.6208 85.9363 74.8383 67.3445 67.373 74.5385

A 2009.09 1618.46 1251.53 999.062 809.051 669.659 509.378 423.286 344.758 285.865 235.424 185.566 149.647 132.459 107.381 99.839 86.1565 85.5622 88.1671

B 2768.68 2083.69 1472.63 1165.3 892.037 705.159 558.963 445.682 366.284 292.288 243.801 187.728 149.284 133.916 118.223 97.651 93.2632 87.2664 102.138

C 2693.69 2172.81 1646.69 1282.72 944.152 760.619 593.944 450.41 373.815 300.292 245.924 191.464 163.271 121.49 114.631 106.108 90.199 88.7925 99.525

D 2758.61 2215.06 1680.66 1271.72 990.639 786.059 607.418 479.091 383.715 306.824 250.101 203.16 159.534 129.888 115.398 95.435 97.7963 93.6739 101.105

E 2666.72 2333.08 1747.98 1338.55 1024.91 794.739 610.857 463.649 384.886 308.497 242.223 172.315 160.488 134.548 117.625 106.519 87.5215 92.7518 93.1803

F 2935.44 2399.05 1794.94 1338.5 1016.49 777.218 609.004 481.141 372.925 299.836 244.135 201.244 160.256 130.229 104.941 107.618 96.1785 90.5823 86.0317

G 3013 2324.03 1715.1 1289.12 969.619 746.625 581.433 466.024 363.228 294.585 234.332 195.478 157.107 126.53 116.918 103.937 84.2786 82.4795 88.5091

H 3195.27 2206.57 1545.86 1167.19 888.724 707.654 542.977 437.973 345.627 280.031 220.321 183.781 153.735 122.745 99.7283 98.5776 85.6308 82.0553 91.2852

I 2128.82 1671.09 1328.66 1026.14 814.505 634.471 503.282 401.399 317.221 258.128 203.637 181.86 147.015 110.493 101.267 93.1668 78.461 76.9133 102.287

A 3181.16 2777.83 2161.52 1686.58 1274.76 1005.81 788.295 623.979 489.082 373.215 310.23 248.346 206.975 158.456 132.665 115.406 112.415 101.321 130.212

B 4330.33 3386.8 2442.3 1793.6 1405.99 1040.45 848.462 661.648 506.072 375.962 312.224 264.082 206.61 170.714 144.262 128.561 113.685 113.296 121.283

C 4451.01 3499.86 2602.7 1971.03 1490.09 1098.83 873.101 667.81 528.436 416.303 334.582 261.917 209.004 171.087 149.246 124.746 110.855 113.933 119.1

D 4469.49 3657.26 2743.76 2028.4 1521.99 1131.71 880.967 672.607 515.957 406.699 339.844 251.394 211.738 185.486 146.048 127.965 121.428 111.683 120.633

E 4491.23 3594.72 2663.27 1947.32 1520.03 1152.64 875.198 657.154 524.525 407.863 323.194 258.731 207.285 168.367 148.402 129.237 120.596 106.356 111.071

F 4330.3 3528.32 2686.75 1945.89 1472.57 1126.44 829.726 634.014 511.699 394.767 290.431 242.837 208.427 174.202 145.895 121.093 115.571 111.4 116.063

G 4428.47 3510.41 2563.59 1894.22 1379.58 1055.19 805.645 610.566 483.199 381.751 309.85 239.372 201.184 164.462 128.243 122.613 119.078 110.738 113.922

H 4473.28 3304.89 2269 1674.53 1273.09 974.275 720.765 576.885 453.22 360.07 293.533 232.491 194.653 163.876 132.7 113.03 111.808 98.2553 112.46

I 3138.44 2559.56 1875.27 1479.9 1130.85 881.774 677.13 535.254 417.615 333.862 266.884 225.867 189.431 160.674 123.999 118.98 107.676 100.356 125.719

A 4143.32 3702.04 2804.32 2218.38 1703.26 1325.49 980.941 767.171 605.21 475.972 381.842 304.312 252.025 194.224 171.84 149.332 124.509 131.399 131.166

B 5246.91 4258.17 3170.28 2446.87 1698.75 1390.26 1077.15 844.402 643.444 502.12 387.942 305.564 261.847 204.352 172.668 153.99 123.966 126.51 153.385

C 40994.2 4433.08 3353.84 2525.18 1886.58 1427.13 1067.66 808.572 641.968 494.446 378.836 306.609 253.56 202.317 169.784 159.042 147.83 142.544 146.44

D 5463.2 4505.81 3431.1 2568.11 1936.99 1490.48 1078.79 854.623 657.337 509.182 390.859 323.567 260.774 207.024 185.463 152.574 127.534 126.086 144.902

E 5422.98 4321.72 3507.65 2517.4 1929.49 1456.2 1057.04 826.959 644.908 506.623 388.022 299.971 243.625 206.118 181.485 148.285 132.371 129.172 137.077

F 5304.76 4329.77 3368.26 2496.68 1832.66 1410.4 1031.81 788.844 611.507 488.216 383.679 301.783 234.058 204.664 178.523 147.77 124.901 123.56 122.979

G 5297.27 39710.1 3191.42 2340.52 1706.81 1259.29 959.888 746.784 587.844 463.287 373.21 292.766 230.662 193.82 165.376 137.382 125.999 125.551 120.137

H 5096.92 3911.9 2839.16 2099.52 1542.91 1192.3 888.791 672.762 548.397 426.305 345.395 270.79 225.565 176.512 159.62 133.071 120.488 125.702 131.23

I 3574.55 2977.68 2246.15 1765.43 1356.47 1041.42 810.283 628.581 505.703 406.982 322.029 266.009 214.75 177.575 147.507 140.609 124.861 118.237 132.687

A 3737.25 3454.76 2887.06 26947.9 1915.32 1550.32 1167.24 939.257 730.438 580.643 472.926 350.776 295.777 218.684 198.367 165.345 161.189 158.344 212.031

B 4844.04 28577.2 27790.1 2682.01 2101.03 1689.78 1296.04 1008.21 792.373 629.128 496.344 364.144 280.446 262.054 209.534 179.823 172.835 165.468 165.374

C 29572.4 28748.6 3455.73 2733.17 2219.82 1734.54 1374.93 1048.87 823.116 644.599 506.38 391.393 275.825 249.201 196.842 185.328 167.161 160.665 175.539

D 4936.19 4131.27 3432.77 27264.8 2244.29 1793.5 1419.41 1093.29 833.541 636.646 513.674 375.032 275.169 256.608 218.537 193.665 162.993 150.424 162.003

E 4969.35 4197.32 27815 2817.14 2223.72 1751.55 1364.57 1060.79 859.982 636.187 514.817 402.8 296.586 237.561 223.493 186.277 152.954 166.044 162.518

F 4948.61 28680.6 3458.04 2670.64 2096.84 1657.11 1309.4 1026.77 810.559 606.872 458.241 379.097 285.121 254.468 212.861 166.928 162.241 155.122 167.637

G 29300.7 4067.59 3187.4 2596.54 1974.35 1575.52 1222.93 946.946 754.375 574.183 458.821 342.664 270.712 226.525 180.829 174.998 143.039 155.413 163.387

H 4578.3 3774.37 27492.3 26771.8 1762.1 1391.74 1147.4 839.145 675.55 514.721 411.71 352.864 263.996 228.942 198.244 158.474 139.184 139.334 159.09

I 3262.64 2806.67 2310.77 1918.67 1542.2 1261 983.667 764.759 620.612 489.645 376.02 320.452 254.784 214.645 179.738 151.572 129.273 134.842 149.592

A 13301.4 2185.2 1992.55 1739.27 1546.17 1314.69 1174.96 998.571 912.374 803.624 694.149 556.294 473.895 361.605 315.269 266.667 205.919 201.691 264.622

B 13926.5 2772.36 2286.18 1918.64 12324.6 12164.4 11989.2 11812 992.277 829.334 703.576 610.725 469.777 406.536 340.85 263.064 243.35 211.954 225.157

C 3086.35 2763.72 13057.2 12747.2 12465.1 12264.6 1336.21 1200.74 1022.18 911.362 767.251 646.505 514.978 426.411 366.156 292.494 251.907 234.383 235.738

D 13977.9 13605.4 13117.2 12853.5 1763.91 1651.04 1347.75 11909.2 1082.82 865.625 791.585 636.996 530.474 438.891 343.56 316.034 270.659 229.332 234.519

E 13929.8 13545.7 2447.09 1982.88 1805.99 12321.8 12118.2 11925.2 1117.46 946.789 811.617 668.6 566.802 431.595 355.426 289.262 269.067 233.532 259.299

F 3143.25 2768.79 2287.81 12895.7 12510.9 12241.9 12102.1 1190.7 1065 919.836 767.932 646.012 534.986 456.457 363.536 288.908 262.883 228.115 254.858

G 3037.1 13302.2 13043.2 12650.3 1651.14 1510.23 1275.24 1124.44 1030.28 894.883 752.579 642.251 532.908 399.2 350.063 283.425 230.547 218.206 229.789

H 13704.3 13290.7 2028.54 1782.1 1529.45 1372.29 11897.7 11743.9 956.238 834.606 717.258 578.786 485.89 394.638 321.963 255.742 238.07 219.32 221.654

I 2193.15 1904.02 1668.39 1571.41 12268.5 12052.9 11913.5 1031.13 905.344 742.991 692.526 594.462 449.305 363.193 285.41 232.506 221.156 184.447 260.597
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 
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Daylight simulation results of C03 for west orientation

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

A 863.75 736.99 596.90 486.91 399.17 316.98 257.11 206.43 174.64 142.44 119.13 101.13 82.65 65.43 65.50 60.65 53.62 52.54 67.47

B 1303.58 975.42 752.79 576.53 455.66 376.59 292.56 229.60 196.31 162.32 133.42 109.18 89.95 76.93 67.86 54.37 51.87 52.69 55.37

C 1195.79 1050.40 795.79 644.89 498.99 406.52 305.13 253.84 206.53 169.00 119.64 104.66 88.29 80.85 66.99 61.87 61.53 58.10 56.20

D 1120.17 1027.85 807.16 650.21 530.32 402.22 334.97 274.68 213.39 169.14 142.48 117.17 99.06 73.17 66.62 63.97 55.74 53.41 60.36

E 1128.47 1014.43 820.05 668.90 534.39 421.41 319.10 268.24 200.45 174.97 132.30 111.75 100.12 75.90 62.78 55.99 58.12 52.52 59.37

F 1152.19 1013.96 817.06 641.90 536.23 415.38 330.78 251.03 208.29 174.05 141.62 108.06 98.45 79.28 66.37 62.20 55.94 52.52 56.84

G 1204.01 1049.09 791.32 634.85 499.99 408.53 313.64 233.98 198.01 164.12 134.32 114.64 94.90 72.54 71.47 64.69 52.91 52.65 55.75

H 1382.01 987.19 747.93 590.82 445.23 321.61 277.57 228.74 192.28 153.42 130.68 105.46 86.33 76.12 62.56 62.10 59.47 53.58 57.85

I 997.71 761.18 614.19 487.94 379.77 327.55 260.21 209.08 182.94 147.78 117.15 100.03 90.32 72.50 61.48 59.53 49.19 49.89 66.98

A 1037.35 865.94 709.36 560.86 451.20 366.74 298.76 249.85 202.38 173.22 132.40 116.75 96.76 77.05 66.37 63.75 61.63 56.42 75.68

B 1443.04 1100.49 828.01 647.25 523.23 417.22 335.49 271.20 225.41 181.11 153.23 121.63 101.91 84.85 78.05 72.25 65.62 59.68 67.89

C 1387.38 1177.54 909.00 723.17 562.17 453.00 354.64 288.09 234.00 192.61 152.27 123.55 108.74 83.15 74.80 69.37 60.69 62.49 67.25

D 1310.10 1149.11 929.81 727.72 592.68 477.46 371.16 298.15 234.66 189.02 161.19 129.26 107.86 85.66 67.69 68.74 67.07 59.57 65.16

E 1328.10 1186.90 984.73 749.13 580.35 485.81 372.91 293.08 243.80 200.15 157.61 127.39 111.18 88.13 77.22 73.86 71.79 64.03 71.67

F 1268.21 1164.91 927.65 779.02 589.15 462.83 367.88 284.06 233.17 196.54 154.11 129.48 105.27 87.68 74.40 64.32 68.81 65.90 67.18

G 1411.54 1228.12 929.76 701.54 564.32 441.20 336.49 262.88 216.05 182.49 150.28 127.94 101.57 88.07 72.97 62.62 64.31 60.35 63.15

H 1690.66 1180.14 861.14 663.88 507.35 402.25 312.66 246.50 212.54 168.73 142.73 113.36 97.33 85.88 69.94 63.57 61.94 62.04 67.42

I 1227.08 886.46 688.58 508.75 428.53 346.94 297.85 231.59 196.83 164.12 122.98 114.55 95.29 77.34 69.06 64.58 54.21 57.40 62.36

A 1182.51 985.59 808.70 625.66 512.84 431.26 340.64 288.14 228.98 191.79 157.58 129.25 102.73 94.45 79.20 76.14 63.38 68.05 64.00

B 1692.03 1301.48 946.25 752.91 605.72 467.11 373.44 312.65 247.00 206.33 171.45 142.62 112.63 103.26 86.88 74.63 68.13 67.90 78.36

C 1582.38 1371.40 1064.14 833.29 652.10 526.85 401.13 324.73 262.57 208.90 178.06 137.34 116.74 98.30 84.66 71.83 77.73 71.65 76.94

D 1516.22 1366.32 1092.23 852.56 660.34 540.79 418.97 336.69 262.54 214.80 183.13 143.02 125.90 94.80 89.82 71.66 69.77 69.73 74.61

E 1497.81 1379.39 1099.94 895.26 699.29 545.82 429.17 343.91 277.69 223.05 180.22 146.43 116.98 102.91 92.35 78.31 77.23 67.67 71.52

F 1546.59 1350.80 1091.11 849.01 674.43 539.32 425.18 326.04 270.02 220.24 178.09 137.59 124.35 101.35 91.50 80.01 72.13 77.17 78.21

G 1643.29 1439.33 1080.00 819.87 631.15 511.94 402.66 313.84 252.75 211.18 176.01 132.08 115.48 101.95 86.19 78.73 68.73 70.55 77.67

H 1917.07 1337.32 964.15 746.24 582.78 448.31 366.66 293.82 239.49 190.76 163.94 121.83 107.61 93.41 85.16 69.51 62.79 72.38 69.46

I 1283.46 1035.94 780.50 631.27 496.07 421.94 328.74 262.22 221.24 192.63 154.87 133.23 112.72 84.87 76.93 62.39 66.74 68.81 82.36

A 1292.79 1122.33 897.85 708.30 579.39 482.15 385.67 310.11 252.37 205.50 163.34 149.85 112.16 95.40 84.15 74.00 69.28 73.43 71.91

B 1940.52 1441.95 1111.68 856.43 672.24 526.12 422.80 345.90 274.46 232.58 190.66 153.76 129.10 105.54 91.12 82.88 78.69 72.15 84.59

C 1812.61 1563.89 1202.94 962.54 745.96 573.85 452.09 368.32 288.55 231.81 196.13 158.19 125.05 109.60 91.40 88.50 80.76 77.79 76.76

D 1778.48 1556.02 1260.29 979.78 789.23 591.92 487.33 376.16 294.43 241.97 196.76 167.12 118.78 112.04 95.30 83.79 82.82 76.71 81.47

E 1723.02 1603.49 1289.17 1013.10 789.93 618.92 479.31 373.26 309.05 246.25 202.00 166.60 132.43 112.51 95.87 83.48 75.07 74.12 79.71

F 1909.30 1638.10 1272.68 999.31 790.21 608.60 468.84 380.88 293.31 243.20 193.73 162.62 126.19 104.05 98.39 82.90 84.57 79.00 82.14

G 1952.53 1660.45 1238.14 927.97 737.00 576.75 456.32 365.59 285.63 231.19 196.44 146.63 131.48 106.08 98.01 85.40 81.84 78.53 81.25

H 2272.89 1543.34 1147.22 862.19 669.44 531.97 415.35 337.82 280.43 224.38 183.00 148.27 123.42 95.79 90.08 79.30 71.97 76.70 78.67

I 1448.38 1188.65 933.97 693.62 588.28 478.16 363.43 313.20 256.51 208.97 172.58 144.46 120.05 94.95 87.35 77.48 66.55 70.00 90.35

A 1868.94 1540.66 1262.42 976.63 775.11 623.02 489.33 397.01 321.80 264.21 214.72 171.82 148.07 113.98 97.58 97.14 87.93 80.61 83.93

B 2664.85 1953.13 1459.94 1123.31 891.19 663.24 552.08 424.42 340.06 283.99 229.48 185.76 158.37 124.71 110.95 101.00 89.83 90.51 91.44

C 2515.91 2039.72 1624.75 1223.68 932.40 733.10 564.84 455.53 359.03 292.97 237.20 185.08 152.75 134.95 110.14 91.51 91.63 89.70 97.50

D 2494.85 2085.31 1672.51 1247.15 970.25 733.47 591.45 462.73 360.91 299.46 245.51 188.48 165.83 124.80 113.91 96.51 84.88 91.49 89.78

E 2555.65 2092.25 1667.71 1298.39 998.07 781.90 591.89 466.54 370.15 289.44 243.78 196.93 164.47 137.98 113.79 97.46 95.76 83.70 83.98

F 2488.09 2146.77 1689.36 1248.86 958.19 754.53 582.31 455.34 374.62 297.95 240.00 190.67 165.23 128.76 115.05 98.18 96.64 92.89 94.96

G 2671.08 2066.27 1565.00 1144.26 927.54 686.12 566.01 445.88 356.86 282.81 232.37 192.53 153.90 133.78 105.18 94.62 87.27 85.28 94.21

H 2816.71 1936.88 1411.19 1072.41 808.35 655.34 538.51 416.21 340.11 274.78 221.07 183.51 150.71 114.90 107.63 95.81 81.50 91.60 92.76

I 1807.56 1359.09 1103.14 902.04 738.56 622.10 466.41 388.54 313.11 251.61 198.49 170.67 147.78 122.67 96.92 98.48 81.24 77.57 104.72

A 2665.37 2188.98 1729.33 1337.66 1023.23 823.91 648.14 522.33 403.79 334.53 267.45 216.52 177.25 134.97 128.78 105.09 94.74 101.61 122.20

B 3642.65 2722.97 2015.23 1530.63 1161.63 862.69 699.95 516.68 429.33 353.39 267.78 224.02 192.06 159.01 139.92 117.51 101.70 99.15 114.20

C 3547.39 2851.33 2199.20 1697.73 1226.68 921.43 727.32 584.53 454.10 361.86 293.29 234.60 198.95 151.82 133.32 124.49 109.22 109.86 100.64

D 3634.44 2884.83 2257.23 1680.96 1297.26 1000.17 764.10 597.02 476.88 378.88 303.22 245.69 182.46 151.88 137.19 123.86 114.65 107.19 99.49

E 3508.54 2851.84 2211.08 1799.25 1276.58 1011.03 769.68 600.38 479.40 379.93 290.40 242.76 191.45 153.96 143.57 129.60 108.92 110.76 109.31

F 3555.33 2806.30 2208.10 1735.75 1312.23 985.92 761.70 598.94 479.00 376.67 301.34 244.81 197.02 165.12 146.79 115.45 108.36 108.14 103.75

G 3469.04 2912.46 2195.42 1584.10 1229.44 908.84 772.00 568.64 459.20 359.27 298.42 232.38 190.27 154.70 137.68 111.66 113.58 97.02 103.96

H 3569.33 2704.62 1924.85 1482.12 1147.98 888.53 725.35 547.66 440.64 362.29 258.79 239.63 194.18 161.60 131.31 122.82 106.65 105.11 105.08

I 2386.08 1995.71 1673.11 1238.77 987.62 793.59 645.97 513.62 446.15 335.35 277.24 223.58 175.11 147.16 126.65 112.46 104.26 93.99 129.02

A 3637.32 2962.40 2291.62 1760.30 1358.28 1015.87 829.30 635.11 506.34 421.34 346.71 248.56 219.00 186.46 160.78 144.56 121.25 128.37 140.82

B 4890.33 3837.22 2844.42 1983.70 1532.01 1162.23 912.38 718.72 556.41 442.32 342.04 292.87 237.13 188.52 160.59 133.06 130.70 131.80 144.62

C 5180.13 4069.28 2997.53 2321.43 1753.43 1272.45 979.86 739.47 594.48 468.03 343.89 303.81 246.68 202.93 171.45 152.65 133.88 120.53 136.30

D 5288.82 4130.25 3239.22 2477.33 1767.83 1379.48 1059.52 783.54 623.78 469.67 381.12 298.38 253.19 212.03 164.53 140.36 131.59 125.26 131.47

E 5181.25 4124.62 3279.11 2508.98 1874.51 1410.49 1064.74 818.69 623.99 493.55 401.67 319.71 239.33 217.48 179.21 158.89 128.39 133.47 127.78

F 5154.04 4340.29 3338.20 2589.69 1964.12 1435.26 1082.99 823.78 535.77 501.60 398.95 306.56 244.72 193.68 178.59 162.14 132.84 130.17 148.00

G 5351.17 4288.99 3396.44 2504.09 1868.86 1433.14 1083.17 797.68 620.29 485.12 394.05 311.13 256.58 207.96 171.38 141.61 124.75 125.32 142.02

H 5285.69 4189.15 2956.88 2347.51 1754.78 1350.37 1013.58 781.88 625.65 489.73 377.23 304.13 245.90 190.60 174.71 143.94 131.55 129.65 141.93

I 3892.39 3292.81 2567.34 2003.13 1557.34 1246.25 949.68 726.92 574.35 455.26 363.91 306.22 251.90 186.37 168.62 138.75 113.06 126.83 160.00

A 3496.62 2935.83 2344.86 1958.11 1554.85 1224.31 966.50 753.64 608.47 505.80 374.78 324.05 279.80 231.64 177.27 156.85 142.04 140.73 151.89

B 4667.19 3781.11 27470.40 26775.00 1768.84 1355.05 1081.40 828.20 675.10 534.21 432.19 344.51 270.94 235.81 197.35 156.59 152.85 143.49 155.86

C 29398.80 28560.70 3187.87 2443.47 1951.87 1497.85 1196.09 910.97 731.20 543.97 445.83 373.89 256.97 220.81 215.46 158.43 169.50 156.09 162.83

D 4980.08 4287.90 3359.28 2661.20 2092.82 1670.29 1284.82 958.09 767.30 604.14 483.04 389.95 278.95 246.50 214.87 163.08 163.94 151.71 148.93

E 4990.51 4193.79 3479.43 27316.60 2151.39 1720.72 1314.25 984.33 785.91 621.71 495.28 365.32 289.85 256.46 212.02 181.87 175.16 167.09 145.04

F 29635.50 28773.40 28076.10 2777.08 2236.54 1714.02 1306.46 1056.03 817.54 625.52 487.42 399.09 299.55 253.38 209.00 169.60 155.78 170.66 167.13

G 4868.35 4285.53 3489.58 2757.97 2114.32 1642.03 1336.30 996.85 792.65 619.37 461.90 396.42 301.46 249.97 216.44 178.26 163.75 162.83 152.65

H 4991.29 4202.07 3314.74 2600.79 2049.10 1640.95 1255.53 956.65 782.84 553.27 463.34 367.41 283.16 236.63 199.91 172.08 161.68 160.60 165.91

I 3907.41 3332.97 2896.55 2262.91 1819.91 1509.57 1170.04 861.73 713.83 556.19 428.52 344.16 286.26 226.96 176.23 157.71 141.31 157.52 168.90

A 2062.54 1797.46 1565.57 1408.78 1302.80 1199.59 1115.72 1037.59 915.60 856.73 726.24 601.35 492.79 397.95 347.73 275.10 228.03 227.08 211.22

B 13553.20 13238.90 2044.13 12402.00 1576.61 12096.10 1261.27 11795.20 1002.36 920.89 763.95 667.15 532.82 430.22 355.15 315.04 275.62 234.41 244.04

C 13639.30 2709.84 12886.70 1987.69 12471.50 1487.96 12076.90 1238.29 11815.10 959.33 841.22 657.70 605.75 476.85 373.67 319.78 303.02 249.91 263.80

D 2954.24 13379.00 13021.60 12730.00 12488.20 1665.39 12178.00 1297.32 11883.10 1015.34 889.68 773.38 623.63 496.88 427.99 348.39 309.80 274.07 252.33

E 3060.80 13486.10 2393.14 12844.80 1969.84 12415.70 1501.88 12093.00 1173.36 1065.50 916.45 719.48 659.64 491.06 400.70 352.27 291.31 260.96 269.06

F 13747.70 2702.05 13154.70 2184.65 12566.20 12449.60 12255.00 12086.90 1237.12 1043.93 867.50 753.12 651.23 548.46 409.42 362.90 292.21 264.81 258.43

G 13729.00 13418.90 13087.20 2174.63 12664.60 1634.23 12247.40 1369.40 11860.30 1067.24 881.50 758.27 625.41 531.47 423.75 357.81 297.69 274.52 254.72

H 3002.42 13302.30 2365.52 12750.80 1887.86 12417.50 1458.70 12032.20 11851.10 1009.36 869.81 739.97 612.19 488.50 403.67 300.28 283.60 258.97 267.79

I 13056.40 2265.03 12598.50 12656.30 12614.50 12413.80 1553.70 12094.50 1106.81 965.40 777.00 696.74 552.43 428.00 361.59 283.42 250.06 223.31 271.71
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dark ash color indicates grid points between ≥300-≤900lux on the work plane of simulation model denoting area of glare free comfortable illumination level, light ash color 
indicates grid points >900lux on the work plane of simulation model denoting area of glare zone, white indicates grid points <300lux on the work plane of simulation model 
denoting area of dark zone 


	1cover
	IMG
	2table of contents
	3list of tables
	4list of figures
	5acknowledgement
	6abstract-Trisha-m.arch
	before chapters1
	finally edited chapter 1-introduction
	before chapters2
	finally edited chapter 2-literature review
	before chapters3
	finally edited chapter 3-Methodology for simulation study
	before chapters4
	finally edited chapter 4 -simulation findings and analysis
	before chapters5
	finally edited chapter 5-conclusion and recommendation
	before chapters bib
	bibliography
	before chapters ap
	appendix A1,A2
	appendix A3, A4



