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Summary  
 

 
 
This research is concern with the sustainability of building facades. Particularly, the functionality and 
adaptability of the office building façade’s (OBF’s) components applied in Humid Tropical Cities 
(HTCs). Empirical evidence suggests that proper functioning and adaptable office building facade 
(OBF) components relate to a higher satisfaction of comfort which results in higher productivity of 
the workers. The trend of office buildings with extremely large, un-shaded glazed curtain walls and 
deep open spaces as commonly applied in moderate climates currently have also become popular in 
Humid Tropical Cities such as Jakarta, Indonesia.  There are some recognized problems in terms of 
the functioning of that kind of office building facades in HTCs such as inadequacies in providing 
daylighting and glare occurrence.  
 
Designers and decision makers have to be informed on proper designs of OBF that match with the 
users’ requirements. However, these objectives encounter several drawbacks. These have to do with 
the difficulty in identifying the users’ requirements as well as scarce research that had been done on 
the evaluation of the currently applied facades in regard to the users’ visual performance and 
comfort. Hence, focusing on office buildings in Jakarta - Indonesia, then, this research is aimed to fill 
in these gaps. This research aims at gaining knowledge and understanding on the office users’ 
requirements for functionality and adaptability of office building façade’s components in HTCs based 
on their working activities.  
 
In addressing the problems, the research was carried out within five steps: (i) studying literature  on 
the concept of functionality and adaptability of building façade technology as well as identifying 
variables involved, (ii) identifying the users’ working activities, (iii) identifying the physical attributes 
of the current applied building façade technology and knowing the impact to the functionality and 
adaptability of office building façade’s components, (iv) analyzing the extent at which the currently 
applied building façade technology meets the standard requirements, (v) and validating the results 
and proposing OBF’s functionality enhancement. Literature study identifies that as determinants, 
the building’s window glazing type, orientation and position were to be  used to assess the 
functionality of the static façade component, while a number of interior blinds types of occlusions 
and slat angles were used to evaluate the adaptability performance of the dynamic/adaptive façade 
component. In order to obtain the data, the primary research instruments used were questionnaire 
and field measurements. Multi-case studies were used to derive on the general conclusions of the 
functionality and adaptability of office building facade in HTC. A descriptive statistical analysis was 
used as the main analysis method.   
 
The findings showed that the main users’ working activity in case buildings was mostly some sort of 
detailed job-related activities such as counting, drawing and writing using computer. The works were 
conducted mostly in an open plan type of space, at the window perimeter area, by sitting parallel to 
the window, and in whole working hours. These requirements formed the terms of reference of the 
façade and determined standards as a benchmark to evaluate functionality and adaptability 
performances of the facade.  They were (1) daylight factor (DF) minimum of 2% and maximum of 5%, 
(2) should be penetrated until at least 5 m from the window, (3) acceptable level of luminance ratios 
particularly between computer task surfaces and the surrounding surfaces and between the 
computer task surfaces with the window surfaces.  
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Findings on the extent to which the current applied facade had met the requirements show that 
majority the current applied glass-dominance facade failed to meet the functionality requirements. 
The general functionality performance of the case buildings, due to currently applied glazing types, 
generated problems on daylight intensity level and penetration as well as unacceptable glare 
performances. Compared to the high visible light transmission type of the glass facade (i.e. the 
tinted glass), one that had low visible transmittance value (i.e. the reflective glass type) seemed to 
be a better device to be used since it could decrease the excessive humid tropics climate’s daylight 
intensity entering the room. However, this window glazing failed to meet other functionality criteria 
such as daylight distribution, and penetration.  Meanwhile, the adaptable facade component of the 
applied façade showed that the current applied roller blinds interior shadings type combined with 
both tinted and reflective glazing generated the best average luminance ratios that met the 
requirements. Even though it decreased the daylight level slightly, it was still in the range of 
acceptable level. Unfortunately, this facade adaptive component failed to meet daylight penetration 
and distribution requirements. It can be said that in terms of adaptability, the roller blind type were 
a good dynamic facade as devices to control luminance ratios/glare as well as to reach sufficient DF 
level in working planes. 
 
Further, by means of computer simulation, the findings were validated. In order to enhance the 
functionality of OBF performance, particularly the glare problem, the adaptive interior roller blind 
shading in combination with the static reflective window glazing generated good performance of 
both luminance ratio and average daylight intensity. However, these combined facades technologies 
still could not solve other important problems such as daylight distribution and penetration. Hence, 
additional strategy i.e. by adding interior light-self as to divide the window into two divisions, i.e. 
upper part was for daylighting and lower part, by using adaptive roller blind interior shading for glare 
control was needed. Findings from the simulation succeeded to prove that this strategy fulfilled both 
requirements i.e. to decrease high discrepancies of daylight intensity between window perimeter 
and the deep of the room as well as to distribute the daylight deeper into the room.   
 
Finally, the research arrived on the conclusion that in some points the current applied glass-
dominance facade failed to fulfill the functionality and adaptability of OBF as required. The 
enhancement of OBF’s functionality should be done by making use and integrating both the static 
and dynamic/adaptive façade’s components so that the facade fulfilled its multi-tasks of daylighting 
and visual comfort requirements. The effort then can be done by cautiously combining both static 
and dynamic/adaptive facade components which can optimize the performance of OBF’s general 
functionality.  
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Samenvatting 
 
 
 
Het onderzoek betrreft de duurzaamheid van de gevels, in het bijzonder betreft het de 
functionaliteit en het aanpassingsmogelijkheid van  componenten van kantoorgebouw gevel 's 
(OBF’s) zoals toegepast in vochtige tropische steden (HTC’s). Empirisch bewijs suggereert dat de 
goede werking en aanpasbaarheid van  kantoorgebouw gevel componenten  gerelateerd zijn aan 
een hogere tevredenheid over comfort in het kantoor, dat resulteert in een hogere productiviteit 
van de werknemers. De trend van kantoorgebouwen met extreem grote, glazen vliesgevels, zonder 
zonwering en diepe open ruimtes zoals algemeen toegepast in een gematigd klimaat is  momenteel 
ook populair in vochtige tropische steden zoals Jakarta, Indonesië. Er  zijn  erkende problemen met 
betrekking tot dat soort gebouw gevels in HTC's zoals een  gebrekkige – daglicht toetreding en 
verblinding. 
 
Aanbevelingen dienen te worden gegeven aan ontwerpers en beleidsmakers om hen  te informeren 
teneinde  de juiste kantoorgevels (OBF) te kunnen ontwerpen die overeenkomen met de eisen van 
de gebruikers. Echter, aan deze doelstellingen kleven verscheidene nadelen. Dit heeft te maken met 
de moeilijkheid om de gebruiker’s eisen te indentificeren en het schaarse onderzoek dat is gedaan  
ter evaluatie van de huidige toegepaste gevels gerelateerd aan de eisen van de gebruiker met 
betrekking tot visuele prestatie en comfort die de gevels bieden. Vandaar de nadruk op 
kantoorgebouwen in Jakarta - Indonesië , waarbij dit onderzoek is gericht op het verwerven van 
kennis en begrip van de eisen van de gebruikers voor de functionaliteit en aanpassingsmogelijkheid 
van componenten van de kantoorgebouw gevels in HTC's op basis van hun werken activiteiten. 
 
Dit onderzoek werd in vijf stappen verricht : (I) het bestuderen van literatuur over het concept en de 
variabelen die betrokken zijn van de functionaliteit en aanpassingsmogelijkheid van de gevel van een 
gebouw, (ii) het identificeren van werk activiteiten van de gebruikers, (iii) het identificeren van de 
fysieke kenmerken van de momenteel toegepaste technologie voor de gevels van de kantoor 
gebouwen en het verkrijgen van inzicht in  het effect hiervan op de functionaliteit en 
aanpasbaarheid, (iv) het analyseren van de mate waarin de huidige toegepaste gevel technologie 
voldoet aan de standaard eisen, (v) en valideren van de resultaten en het recommenderen hoe de 
OBF's functionaliteit enhancementverbeterd kan worden. Literatuur studies gaven dat het type   
beglazing, de  oriëntatie en positie als determinanten gebruikt konden worden om de functionaliteit 
van de statische gevel componenten beoordelen, terwijl de mate van afsluiting en openings-hoeken 
van een aantal typen van jaloezieën werden gebruikt om de dynamische aanpasbaarheid van de 
adaptieve gevel componenten te evalueren. Teneinde alle benodigde data te verkrijgen, werden als  
primaire onderzoeksinstrumenten vragenlijst en veldmetingen ingezet. Multi-case studies werden 
gebruikt om de algemene conclusies over de functionaliteit en het aanpassingsvermogen van de 
kantoor gebouw gevels in HTC af te leiden Een beschrijvende statistische analyse werd gebruikt als 
belangrijkste analysemethode. 
 
De bevindingen toonden aan dat  activiteiten van de belangrijkste gebruikers' in de onderzochte 
kantoorgebouwen vooral tot het soort job-gerelateerde activiteiten behoorden, zoals tellen , 
tekenen en schrijven met behulp van de computer . Het werk werd meestal uitgevoerd in een open 
kantoor ruimte, in het gebied direct bij  het raam  of , parallel aan het raam , en gedurende de totale 
werktijd. De eisen die de werknemers aan visueel comfort stelden vormden het programma van 
eisen voor de gevel en de geldende normen als een benchmark om de functionaliteit en het 
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aanpassingmogelijkheid  van de gevels te evalueren. Deze waren ( 1 ) daglicht factor (DF) minste 2 % 
en ten hoogste 5 % , ( 2 ) daglicht penetratie in de ruimte tot ten minste 5 m van het raam ( 3 ) 
aanvaardbare luminantieverhoudingen in het bijzonder tussen oppervlakken waar computer taken 
worden verricht en het die van omliggende oppervlakken en tussen de computer taak oppervlakken 
en  de oppervlakken van de  ramen. 
 
De bevindingen  met betrekking totde mate waarin de momenteel toegepaste gevels hebben 
voldaan aan de eisen tonen aan dat de meerderheid van de huidige toegepaste door glas 
gedomineerde gevels niet voldoen. De algemene functionaliteit van de gevels van de 
kantoorgebouwen, genereert problemen met betrekking tot  daglicht intensiteit en penetratie 
evenals met betrekking het optreden van onaanvaardbare verblinding vanwege momenteel 
toegepaste types beglazing. In vergelijking met de high visible light transmission type glazen gevel 
(getint glas), leek de gevel met een beglazing met  lage zichtbare transmissie waarde (de 
reflecterende soort glas) beter  om te worden gebruikt, omdat deze de buitensporige intensiteit van 
het daglicht waarmee dit de ruimte binnendringt in het vochtige tropen klimaat zou doen afnemen. 
Maar anderzijds voldoet dit type beglazing niet aan andere functionaliteits criteria zoals daglicht 
distributie en toetreding in de ruimte. Met betrekking tot de aanpasbare gevel component van de 
toegepaste kantoorgevels gevel bleek dat de huidige toegepaste rolluiken gecombineerd met zowel 
getint en reflecterende beglazing de beste gemiddelde luminantie verhoudingen genereren die aan 
de eisen voldoen. Hoewel daglicht niveau slechts matig verminderde is het nog steeds binnen het 
aanvaardbare niveau. Helaas kon deze adaptieve gevel component niet aan daglichttoetreding en 
distributie eisen te voldoen. Het kan worden gezegd dat in termen van aanpasbaarheid, het rolluik 
als een goede dynamische gevelcomponent gezien kan worden om  luminantie-verhoudingen en 
verblinding te controleren en om een voldoende niveau van daglicht op de werkplekken te bereiken. 
 
Voorts werden, door middel van computersimulatie, de bevindingen bevestigd. Om de 
functionaliteit van OBF prestaties, met name het verblindings-probleem verbeteren, werd 
aangetoond dat de adaptieve rolluik zonwering in combinatie met de statische reflecterende 
vensterbeglazing goede prestaties met betrekking tot zowel luminantieverhouding en gemiddelde 
daglichtintensiteit leverden. Echter, deze gecombineerde gevel technologieën konden nog steeds 
niet andere belangrijke problemen, zoals daglicht distributie en penetratie oplossen. Vandaar, dat 
een aanvullende strategie  werd getoetst, namelijk de toevoeging van een licht reflectie paneel dat 
het venster verdeelt in twee delen; bovenste deel was voor daglicht  verlichting en het onderste deel 
voor controle van verblinding door het gebruik van adaptieve rolluiken als zonwering aan de 
binnenzijde van de gevel. Beoordeling door de simulatie toonde aan dat deze strategie uitkwam op 
het voldoen aan beide eisen dwz zo veel mogelijk verminderen van verschillen van daglichtintensiteit 
tussen de gebieden bij het raam en dieper in  de ruimte en de strategie voldeed aan de eis om het 
daglicht dieper in de ruimte te distribueren. 
 
Het onderzoek kwam tenslotte tot de conclusie dat de huidige toegepaste door glas - gedomineerde 
gevels niet aan de eisen van functionaliteit en het aanpassingsmogelijkheid voldeden. De 
verbetering van de functionaliteit OBF's moet worden gedaan door gebruik te maken en de 
integratie van zowel de statische en dynamisch / adaptieve gevel onderdelen, zodat de gevel aan de 
eisen van zijn multi-taken van de daglicht - verlichting en visueel comfort kan voldoen. Een 
zorgvuldige combinatie van zowel statische als dynamische / adaptieve gevelcomponenten kan de 
algehele functionaliteit OBF optimaliseren. 
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PART ONE: CHAPTER 1 
General Introduction 

  

1. Introduction 

The research investigates the sustainability of office buildings focusing on the functionality and 
adaptability of office building facades (OBF) in a humid tropical city (HTC), Jakarta. The chapter 
introduces overall view of the research. First the research backgrounds are explained. This comprises 
OBF technology and sustainability as the major issues. Then, the state of the art of the research on 
the theme of this research project and the problem definition are described. Next, the aim and 
objectives of the research as well as the research questions are given. This is followed by the scope 
and limitations of this research project.  The later also indicates the limitation of the research in 
terms of time, budget and those related to data collections. This section is followed by scientific, 
social and practical relevance.  

1.1. Research Background: Office Building Façades for Lifespan 
Sustainability  

Technologies and sustainability 
Currently there is an increasing pressure in many regions in the world to provide a sustainable 
environment for present and future generations. It involves simultaneous pursuit of social equity, 
environmental quality and economic prosperity (people, planet and profit) (UN Millennium 
Development Goals, 2000; UN 2005).  
An extensive literature survey indicates knowledge gaps in the field of technologies for lifespan-
based sustainable buildings and buildings components. These findings are in line with those put 
forward by ECTP (2007) and US GBC (2002). Knowledge gaps exist in particular and even more in 
tropical countries, since most researches have been carried out in developed countries with 
advanced socio-economic systems and a moderate climate. These aspects have an impact on the 
sustainability of building systems. Under the circumstances of these knowledge gaps, strategies and 
interventions -such as by innovation, development, diffusion and deployment of LBS buildings- are 
compromised and the actual sustainability of buildings will lag well behind the need for better 
service to all people (Hamelin and Hauke, 2005; ECTP, 2007; USGBC, 2002). Research and 
development efforts are needed to increase the knowledge and understanding of the relation 
between technologies and their effects on stakeholders, particularly on the users as well as on the 
natural environment. Such research will support to bring about meaningful innovations for LBS 
building (ECTP, 2007). Moreover, ECTP (2007) also states that research on technologies in the 
construction industry in majority takes place on technical issues, whilst there is a need to change the 
focus of the research on technologies and technological innovations in construction industry from 
the pure technological perspective on building construction towards an integrated socio-
technological one. This implies that there is a need for innovation research which integrates the 
human perspective, as it is directed to meet the users’ requirements, directly related to the 
technological perspective, focused on technological solutions that might meet these needs (ECTP, 
2007; UNEP, 2008-2009; UNU, 2009).   
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Office building facades (OBF) functionality 
Building facades (BF) are considered to influence a large extent of the sustainability of office 
buildings. Building facades are a part of building envelope that has a function as a mediator between 
the outside and the inside of the building, thereby regulating the human comfort level in the 
building (thermally, acoustically, and visually) (Knaack et al 2007; Hyde, 2001). In terms of 
sustainability, the façade is supposed to function properly to meet several aspects such as 
environmental concerns (heating, lighting, acoustics, and energy), economic concerns (cost), as well 
as social concerns (the building user’s and other stakeholders’ requirements) (Chapells and Shove, 
2004).  
 
Ineffective or in-functional office buildings will cause reduced business productivity. Empirical 
evidence suggests that proper functioning BF in offices relates to a higher satisfaction of comfort and 
thus productivity of the workers (Guzowski, 2000). To improve this performance, there have been 
major innovations regarding the functionality of office’s façade technologies, particularly the 
window glazing. The advancement was continued over the past few decades especially in the EU and 
US countries with a moderate climate (e.g. L. Roche MA, E. Dewey and P. Littlefair MA 2000; 
Selkowitz, 2001, 2003; UCD Energy Research Group Dublin 1999). Until recently, one can still expect 
the continuing advancements in this field.  
 
Blakstad (2001, 2007), indicated that adjustments of building components in office environments 
might be due to factors such as: the demand of office building’s space, the demand of building 
services due to the development of Information Technology, changing of organizational 
requirements, flexible employment strategies, changing working practices, changing user 
expectation resulting on  multi-requirements concerning human health and well-being in the work 
place, amenity, energy efficiency, and particularly the demand for natural environments, changing 
regulatory requirements for health and safety, and changing demand for more professional facility 
management. He asserted that the office building should be prepared for any changes in order to 
prolong the lifetime of the building to save the environment and become more sustainable. The 
actual improvement highly depends on the building’s ability to adjust in order to be adapted to 
users’ variety of requirements, such as the variety of indoor visual requirements. For buildings’ 
façade, number of scholar asserted that the adaptability can be achieved by means of using flexible 
façade’s element such as the movable shadings (Baker N. & Standeven M., 1995; Baker, N. & 
Steemers K., 2002; Matusiak, 2002; Selkowitz, 2001). 
 
A number of researches indicate that it is less expensive to adapt a building rather than to demolish 
and rebuild or rather than to build a new one (Campbell, 1996; Douglas, 2006; Bullen, 2007).  
Moreover, adaptable buildings are inherently sustainable because they reduce material and energy 
consumption as well as pollution (Johnstone, 1995; Binder, 2003; Bullen, 2007).  Despite the 
recognized importance of adaptation of any buildings’ components for sustainability, the actual 
reality shows that a full integration of the changing requirements in the design considerations and 
building components adaptation such as adaptive facades still often fails, resulting in indoor 
environment visual discomfort.  
 
Office building façade (OBF) in Humid Tropical Cities (HTCs) 
In line with the trend in Europe and the US in recent decades, office buildings with extremely large, 
un-shaded glazed curtain walls and deep open spaces have shown an increasing popularity in Humid 
Tropical Cities (HTCs).  Indoor visual aspects such as daylighting and visual comfort are relatively new 
in the Tropics with an excellent potential: the day length in tropical latitudes has a very small 
variation in the course of the year. However the advantages of the advanced building facades 
apparently do not pay off.   
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There are recognized problems with respect to the functionality and adaptability of the office 
building facades in HTCs such as inadequacies in providing  lighting, detrimental to visual comfort of 
the workers, thermal and air quality as well as an increased building’s energy demand (Bodart, 2002; 
Haase, 2002).  One can see buildings in HTCs with highly reflective glazing with extremely shaded 
windows or with continuously closed internal shadings for mainly both purposes minimizing radiant 
heat gain and eliminating glare. This makes that natural light utilization is minimal even though the 
illuminance levels are relatively very high compared to those in European and North American 
buildings. Unfortunately, daylighting practice is still not a priority particularly in buildings at HTCs 
such as Jakarta-Indonesia, despite the recent green building initiatives in the country 
(www.germancentre.co.id/.../163-indonesia-green-building-blocks).  
Most of skyscrapers, built from early 1980s until recently, were designed using available materials 
which most of them do not have any reference or adaptation to local climate (Yeang, 1999; 
Mintorogo, 2008). In the case of office buildings, large glazing areas adopted from building style in 
moderate climate design were incorporated into the buildings disregarding Indonesia’s high sky 
irradiance that may contribute to visual discomfort and higher cooling load.  Thus, it can be said that 
improving building’s daylighting system has two-fold benefits.  First, it is one of many important 
panacea for reducing the building energy demand (Laar (1), 2001), and secondly it contributes to 
improve social sustainability (the comfort of the users). It then might be desired to improve the 
façade design practices in HTCs by improving the functionality and adaptability performance of the 
existing building façade.   
 
From the aforementioned background, the functionality and adaptability of the building facade 
deserves to be investigated and improved to create a higher sustainability in office building facades 
in HTCs, i.e. to increase the meeting of facades’ technology to the users’ requirements for visually 
comfort working activities. This will thereby demonstrate responsibility for the sustainability.  

1.2. State of the Art 
 

Building Façade Components Development  

Today, the highly glazed façade’s component has almost become an iconic element for modern and 
“green sound” buildings. From the late 1960’s to the 1990’s, innovations in façade and glazing 
technology have improved their performance as a better heat absorber and better light transmitter. 
Concurrent with those advancements, there has been a subtle shift from trying to optimize an ideal, 
static design solution to making the façade more responsive, interactive and even intelligent 
(Selkowitz, 2001, 2003).  
 
Besides the technology advancements, the shift is based on the requirements of better energy 
performance, while improving comfort and visual performance at an affordable cost. The façade 
system now can be classified into two categories; static and dynamic. The static systems include not 
only glazing such as spectrally-selective and holographic glazing, but also special design of shadings 
such as light-shelves and light-pipes (Lee, Selkowitz, Barjanak, 2002), while the dynamic systems 
cover manually/automatically-operated shadings and electro-chromic/photochromic glazing 
(Selkowitz, 2001, 2003).  In addition to these categories, there are other two categories i.e., 
conventional and advance façade system. The first category (i.e. conventional façade system) refers 
to the façade system made from conventional material and technology, while the second category 
(i.e. advance façade system) points on façade with advance material and technology such as 
automatic control (Selkowitz 2001, 2003; Dubois, 2000 and Laar (1) 2001).  Concerning this façade 
component technology however, as many scholars believed that the conventional dynamic-facade 
component technology such as movable shadings have more influence to comfort the occupants  
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since these provide more on the “degree of freedom” to be adjusted so it closes to the occupants’ 
range of comfort (Humphreys, 1995; Baker, N. & Standeven M., 1995; Baker, N., & Steemers, K., 
2000). Reaching comfort by involving the occupants to control will eventually enhances “the 
continued supportiveness and acceptability of environment”, thus increase the building’s 
sustainability (Rapoport, 1990). 
 
From those researches on façade’s component technology, it can be concluded that the goal of 
advanced and adaptive façades is to improve the indoor environment by making the façade 
responding or adapting to a variety of exterior climate conditions. However, so far the strategy of 
making the façade to respond or to adapt is mainly based on the climatic conditions (climatic-based 
design). In addition, those technologies which have been developed are meant for the moderate 
climate; hence, it leaves a big question whether these technologies are appropriate for buildings in 
other climates.  Concurrent with those gaps, therefore, it is concluded that there is a lack of criteria 
for selecting and adopting technological options that meet both climatic and the users and other 
stakeholders’ requirements for office building façade in HTC’s. 
 

Users’ Requirements for Building Façade’s Functionality  

Buildings are built for people. Buildings are also products that are made by many decision makers in 
order to accomplish their goals and expectations. The standard performance requirements of those 
involved in the building design must be properly considered and understood. Failing to accomplish 
this, will send the building to demolition (Brand, 1994).  
 
In the studies of façade design, many researches revealed that dissatisfaction of the functionality of 
office building façades are particularly due to two reasons. First is improper design of the façade due 
to misgauge of its standard performance required by the users (Dubois and Johnsen, 2003; Li and 
Tsang, 2008; Menzies and Wherrett, 2005; Steven, 2001). According to those researchers, this is 
because there has been a little effort to understand which real façade functionality is required by 
the users. Research on daylighting systems in relation to demand variability for example, has 
revealed that the users have their demands on the properties of the facades’ components in which it 
has consequences to the selection and the application of those components (Matusiak, 2002; 
Reinhart and Galasiu, 2006).  
 
Another cause of dissatisfaction of building performance is that there is a tendency to focus on using 
facade components technology that is available on the market (supply-driven) rather than on what is 
actually needed (demand-driven) (Kemp and Camphuijsen, 2008). Here, the demand-driven concept 
stands out as an initiative undertaken to improve customer service and better responds to demand 
variability.  Many POE research on indoor visual environment and studies on users’ respond to the 
façade performance found that some aspects of the available technologies applied in office building 
do not meet the user requirements to a variety of visual comfort (Ne’eman and Hopkinson, 1970; 
Keighley, 1973; Boubekri et al, 1992; Christoffersten, 1995). Façade’s adaptation then should be 
carried out to fit the façade to meet those demands. Many researches are working on this 
adaptation strategy and seeking for the best technical adapted façade to ensure that they meet the 
users visual comfort needs (Rubins et al, 1978; Rea, 1984; Lindsay and Littlefair, 1990; Rea et al, 
1998; Inou et al, 1998; Vine et al 1998; Hube, 2000; Alzoubi 2003). However, those studies on the 
user responses and adapted façades are conducted in moderate climates which have different 
climatic and different user’s responses. 

1.3. Problem Definition 

From the foregoing, it can be concluded that inappropriate façade systems are major problems 
affecting the sustainability of office buildings. Not only will this degrade the environment due to the 
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increase of energy demand and demolition waste, but also social sustainability i.e. the comfort of 
the users. In building industry, the user is one of many stakeholders that have to be taken into 
account in the design of façade systems. They use the building and may have certain standards 
performance of requirements and expectations towards the façade system in terms of its 
functionality and adaptability. Failure to figure out their performance requirements will result in 
dissatisfaction. This view follows the premise that any successful technology fits the stakeholders’ (in 
this case is the users’) requirements. (Nelson & Winter, 1982; Cuperus, 1996; Womack, 1996, 
Douthwaite, 2002; Malherba, 2002; Egmond, 2006, 2009).  

Yet, there has been a little, if any, research on the users’ requirements i.e. needs and expectations 
towards the office façade functionality and adaptability in supporting building’s indoor comfort 
particularly on daylighting and visual comfort in hot humid tropics. There is, therefore, a room to 
know and understand those users’ requirements upon the standard performance of façade system, 
in the issue of its functionality and adaptability in particular context i.e. hot humid tropic region. 
However, in order to determine the most appropriate system that fits to those requirements, it is 
important to understand how and the extent of which the current innovative façade systems meet 
the requirements in order to seek the strength and the weakness of those system applied and to 
form guidelines that can be used by the designers for choosing and designing appropriate office 
building façade for HTCs.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1 Scheme of the contribution of this research to the state of the art 

This research therefore will fill in the gaps in the knowledge of façade’s functionality and adaptability 
performance that should be provided in such sense that it meets the user’s requirements in the 
particular context of humid tropic cities (see figure 1.1). 
 
Without reliable data on the requirements, the potential sustainability of office building facades in 
humid tropics cities (HTCs) may be difficult to realize. It is, thus, critical to know and understand 
which particular requirements for the facades are posed by office workers in HTCs; it is also needed 
to know and understand to which extent those users’ requirements are being met by the available 
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standards for building envelopes in Indonesia as well as by the currently used facade technologies. 
Thus, based on the identified user’s requirements, the potentially available or modified facade 
designs which meet the requirements can be determined. 
 

1.4. Aim and Objective 
The main aim of this research is to gain knowledge and understanding on the users’ requirements 
for functionality and adaptation of office building facades in HTCs based on their working activities 
as well as on how and the extent to which the applied office building facades technologies meet 
those requirements. 
 
The objective of the research is to support building owners and designers in making informed 
decisions on the application of office building façade (OBF) which meet the users’ standard 
performance requirements for functionality and adaptability of office building facade (OBF) 
components in humid tropics climate (HTC). 

1.5. Research Questions 

The inquiry will be aided by trying to address this main research question:  
1. What is the functionality and adaptability of office buildings façades (OBF) components in 

Jakarta - Indonesia, a Humid Tropics City (HTC), taking into account the users’ requirements 
for daylighting and visual performance of the OBFs?  

 
The main question will be answered through the following sub research questions: 

1. What constitutes the functionality and adaptability of office building facades components? 
2. Which particular climatic conditions are relevant in Indonesia for the design for OBFs? 
3. Which standards are available in Indonesia regarding the design for OBFs? 
4. What are the users’ requirements for office’s indoor visual performance based on their 

working activities? 
5. What are the technological attributes of current office facade in Java-Indonesia? 
6. How is the functionality and adaptability performance of the applied OBF’s components? 
7. Which conclusions and recommendations can be noted for functional and adaptable OBFs 

components in Indonesia?  

1.6. Scope and Limitation 

Scope: This research project focuses on the sustainability of OBF in Jakarta-Indonesia, an HTC. 
Sustainability is considered in terms of the contribution of the building façade to meet the users’ 
requirements for functionality and adaptability thereby demonstrating the building’s sustainability.  
 
The research integrates the social aspect of sustainability (i.e. user’s requirements for daylighting 
and visual performance of the OBFs) with the technological attributes of the OBFs.  
 
The functionality of the building facade is assessed by considering its function as a part of whole 
building’s components and systems that has tasks to ensure indoor daylight as well as visual comfort 
of the occupants. Corollary, in this research, the functionality of building facades is then defined into 
two performance aspects of the building façade’s component. First, it concerns the functionality of 
the static component of the facade i.e. functionality performance of window glazing. Secondly, it 
refers to the functionality of the dynamic/adaptive component of the façade i.e. adaptability 
performance of the movable interior shading. Meanwhile, a few of performance indicators of 
daylighting and visual comfort are defined through literature reviews i.e. illuminance level, 
illuminance penetration, brightness, and glare.  
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Limitation: In this research project the focus is narrowed down to office buildings in Jakarta-
Indonesia that have been built in the period of 1990-2005. Office buildings investigated are those 
with open plan type and the questionnaires are distributed to all occupants occupied that type of 
room.  

1.7. Scientific, Social, and Practical Relevance of the Research  

Scientifically, the research will contribute to new knowledge and insights regarding the users’ 
requirements for sustainability of OBF in HTCs and the extent to which the currently used design 
standards and OBF meet these requirements. 
 
Social relevance: The research results will empower users’ perspective that should be involved in 
determining sustainable office building technology for daylighting and visual comfort.  
 
Practically, the research will contribute to the development of a set of criteria for functionality and 
adaptability of OBF in HTC’s which support office building owners and designers in making informed 
decisions on building façade designs. 

1.8. Research Steps 

To achieve the aim of the research, the following specific stages are pursued: 
1. Reviewing existing literatures on lifespan sustainability performance criteria (functionality and 

adaptability) on office building’s façade.  
2. Determining relevant particular climatic conditions in Indonesia for the design of OBFs. 
3. Determining available regulations and standards in Indonesia regarding the design for OBFs. 
4. Identifying and analyzing users’ requirements upon the performance of OBF in HTC and based on 

this to set Terms of Reference (TOR). 
5. Identifying, classifying and analyzing current applied façade components in Indonesia, their 

daylighting and visual comfort performance. 
6. Identifying and analyzing how and the extent to which those requirements were met by the 

current regulations and standards in Indonesia as well as by the applied OBF. 
7. Validating the research results. 
8. Concluding and recommending. 

1.9. Structure of the Thesis  

The research is organized in three parts and nine chapters. The first part is the theoretical part 
comprising the first three chapters. Chapter one introduces the whole thesis, highlighting the issue, 
research background, problem definitions, research questions, purposes, scope and the outlines of 
the thesis. Chapter two focuses on the literature studies and it addresses the issues of specific HTCs 
climate, office activities, building façade and sustainability, building façade’s and human comfort 
sustainability.  The chapter is ended by discussing the theoretical approach and framework for 
further analyses. Chapter three describes the empirical aspects of this research. Based on the 
literature studies in chapter two and based on the research steps, it discusses the method used, 
variables and indicators as well as the instruments and means of data collections at each step. This 
chapter also describes means of data analysis and procedure of the analysis.  
 
With chapter four, the second part begins with the empirical part. This part comprises the next four 
chapters. Chapter four focuses on the results of the first field survey i.e. the general conditions of 
office buildings in Indonesia particularly in Jakarta as well as the standard and regulations available 
concerning the visual comfort and physical aspects of the building.  
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Chapter five addresses the analysis and the results of the main surveys on the users’ requirements 
for the performance of OBF. It concludes by highlighting the users’ terms of reference for OBF in 
HTC’s. Chapter six discusses the results of analysis regarding the functionality and adaptability of the 
current OBF in respect to the daylighting and visual comfort performance. This part is ended by 
chapter seven which explores the extent to which the current applied façade technology has met the 
users’ requirements.  
 
The last part is part three which is the synthesis part. This part comprises the next two chapters. 
Chapter eight describes the validation of research results while chapter nine discusses the overall 
conclusions and recommendations of the elaboration for the functionality of façade technology for 
HTC.   
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PART ONE: CHAPTER 2 
Literature Reviews  

 

2. Introduction 
This chapter introduces the conceptual definitions of the major concepts as well as the theoretical 
basis in this research. The conceptual definitions and theoretical framework will give guidelines to 
analyze the sustainability in terms of functionality and adaptability of office building facades in 
Jakarta, Java, Indonesia - a country with a Humid Tropic Climate. First of all, the definitions of the 
major concepts of this research will be described in the following sections. These are derived from 
extensive literature reviews and include the following concepts i.e. Humid Tropical Climate, office 
buildings, office building facades, sustainability, functionality, and adaptability. The definitions will 
also indicate the scope and boundaries of this research. After that, the theories are related to 
functionality and adaptability of office building facades will be discussed. Finally, the theoretical 
framework as guidelines to execute the research will be presented. 

2.1. The Climate of the Humid Tropics 

2.1.1. Location 

The region with humid tropics climate  is located between the Tropic of Cancer, at 23,5 degrees 
North Latitude, and the Tropic of Capricorn, at 23,5 degrees South Latitude. It compasses the 
equatorial region, an area of relatively high temperatures, high humidity, abundant daylight 
availability and considerable precipitation during almost the whole year, but particularly intensive 
during the so called rainy season in the spring and in the autumn (when the sun stands directly 
above the equator). 

2.1.2. Temperature 

During different seasons, the temperature in the humid tropics changes only very slightly: The daily 
maximum temperature during the warmest month reaches usually approximately 28 - 31 °C, in the 
coolest month approximately 24 °C.  

2.1.3. Solar radiation 

The Humid Tropical Climate (HTC) experiences a quite high percentage of solar radiation duration 
throughout the day and the year, even during rainy season. It is recorded from a number of Bureau 
Meteorology offices in Indonesia that within this climate, the monthly average sunshine duration 
percentage in dry season ranges from 80%-90% while in rainy season the average sunshine duration 
is still above 50% (Rahim, 2009).  

2.1.4. Daylight 

Daylight is a combination of all direct and indirect outdoor sunlight during the daytime. This includes 
direct sunlight, diffuse sky radiation, and (often) both of these reflected from the Earth and 
terrestrial objects. The availability of daylight is influenced mainly by the geographical position of a 
certain place (the distance of the place towards the equator or the latitude) and the sky conditions 
i.e. the amount as well the type and distribution of the sky (clear, overcast or partly cloudy).  
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Due to the sun movement, different latitudes have a different sun-path and sun angle and thus 
receive a different intensity of both sun and daylight.  

In addition, both the latitude and the sky type and distribution determine the percentage of 
sunshine duration and the sky luminance, thus the availability of global horizontal illuminance (lux) 
in the earth surface. The outdoor illuminance can reach 120,000 lux for direct sunlight at noon, 
which may cause visual discomfort.  

A particular characteristic of Humid Tropical Climate is that the sky acts as daylight reflector, due to 
the clouds that mostly cover the sky. This causes a high sky luminance that commonly occurs. The 
global sky luminance level can reach as high as 100.000 candela per meter square within which the 
sky type is mostly partly cloudy and overcast. Diffuse daylight is always available during the whole 
working day from 8 AM to 5 PM (Rahim, 2009).  

 

 

 

 

 

 

 

 

 

 

Looking at the sun paths in tropical countries around the equator for example, one can notice that 
for those below the equator, the North sun dominates the monthly (March to September) sun’s 
trajectory with the lowest sun angle of 15o and the highest of 90o (figure 2.1). Thus, when designing 
building components for daylighting, one has to consider the location of building’s openings at 
Northern and Southern facade instead of the West and the size of those openings in order to 
provide sufficient daylight intensity as well as to avoid too high solar radiation entering the indoor 
space. 

2.2. Office Buildings  

The primary purpose of an office building is to provide a workplace and working environment 
primarily for administrative and managerial workers.  

An office building may be divided into sections for different companies or may be dedicated to one 
company only. In either case, each company will typically have a number of particular spaces: work 
spaces, reception area, one or several meeting rooms, as well as toilets.  Many office buildings also 
have kitchen facilities and a staff room, where workers can have lunch or take a short break.  

The type of organization and its particular activities determine the physical requirements to 
accommodate the activities (Jeremy Myerson (ed.), 1998). 

Figure 2.1 Example of sun-paths of some cities in the tropical region 

 

  

Jakarta, Indonesia Kuala Lumpur, Malaysia Manila, Philippines 
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In the following sections the taxonomy of office activities and the physical requirements for 
accommodating the activities will be discussed. 

2.2.1. Office activities  

Different types of activities are carried out in office buildings. These occur at various locations and at 
certain duration. The office employee will not only perform a rather large number of activities during 
a working day; the activities might also differ from day-to-day in terms of the order of activities and 
their timing (i.e. duration and start/end time). Some activities will be performed repeatedly and 
intensively for one day, e.g. writing and counting; other will be performed only once in a couple of 
days, weeks or even months, e.g. meeting or interview (Raymond and Cunliffe, 1997) 

2.2.2. Type of office activities 

According to Raymond and Cunliffe (1997), office activities can be classified into three different 
types, namely: 
1. Social, physiological or job related activities, based on the nature of the activity itself.  
The physiological or job related activities depend on the work flow of an organization, while the 
social activities are the result of human nature. Included in the first type of activities are counting, 
sorting, analyzing, writing, and problem-solving, quantitative analysis, creating, imaging, reviewing, 
assessing, etc. The second type is related to the employees’ engagement in social activities such as 
activities during break time and chat with his colleague.  
 
2. Solo or group activities, based on whether the activities require interaction or not.  
Solo activities can largely be performed independently from other employee. These activities do not 
require any support or interaction with other employees; examples are dealing with incoming 
telephone, administrative works, and other independent works. In contrast to solo activities, group 
activities need interaction among employees, thus, it involves several employees such as meetings 
and presentations.  
 
3.  Planned or unplanned activities, based on whether they are planned or not. 
These activities include receiving guest, accidental meetings and receiving incoming calls. 
 
Further, according to Raymond and Cunliffe (1997), the working activities are always conducted in 
certain working locations and/or working position and use certain facilities/technical equipment 
such as computers, certain physical requirements of the office space. 

2.2.3. Frequency and duration of office activities 

Frequency is the number of times an activity is performed in a certain period of time.   
The duration of an activity ranges from a couple of minutes (e.g. get a drink) to a couple of hours 
(e.g. have a meeting). The duration of a certain type of activity is not constant; it varies each time 
the activity is performed. Variances in the frequency and in the duration of an activity cause the 
total time spent on this activity to differ per working day (Raymond and Cunliffe, 1997). 
 
The frequency and duration of the activities describe and determine the working priority of the 
employee (Raymond and Cunliffe, 1997). Not every activity is equally important to an employee. 
Some activities are perceived as more important to perform during a working day than other 
activities. These activities have a higher priority and will, for example, be less often interrupted by 
other activities.  
 
Gensler (2008) through his survey result on the American workers determined that  
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1. people spend 48% of their time on focused work (job-related working) intensively i.e., “Work 
involving concentration and attention to a particular task or project: thinking, reflecting, 
analyzing, writing, problem-solving, quantitative analysis, creating, imaging, reviewing, and 
assessing.”  

2. On average, workers spent 32% of their workdays on collaborative tasks or “Working with 
another person or group to achieve a goal: sharing knowledge and information, discussing, 
listening, co-creating, showing, brainstorming (interactions may be face-to-face, by phone, video, 
or through virtual communication).”  

3. The rest of the time is spent by the workers equally (6%) for socializing and learning.  
 
So, he concluded that almost half of the employee’s time in the office is used for conducting job 
related tasks, which involves high concentration and attention.  It also puts some specific physical 
requirements for office space such as the location in the office space and the facilities.  

2.2.4. Physical requirements for accommodating office activities 

Literature differentiates two types of office activity related requirements, namely physical and 
psychological (Raymond and Cunliffe, 1997).  
- Physically every activity needs space, working facilities and other technical requirements such 

as for lighting, indoor climate, ventilation, and acoustics in the environment.  
- Psychologically, activity needs certain requirements such as environment condition that 

supports users’ psychological comfort. This will not further discussed in this thesis since it is 
beyond the research concern. 

 
Raymond and Cunliffe (1997) indicated four physical requirements regarding office activities:   
• Space: This is one of the most basic needs of an activity. An employee needs a certain amount of 

room with its attributes with some specification or quality to perform his activities. 
• Light:  To be able to perform activities, an employee also requires a certain amount of light. In 

most cases this is a combination of daylight and artificial lighting. The required amount of light 
varies per activity.  

• Indoor climatic conditions: The indoor climatic conditions have a big impact on the human 
comfort and on the capacity to perform activities.  

• Sound: Sound can be both wanted (i.e. music) and unwanted (i.e. noise). Research on sound as a 
factor of the ambient environment mainly focused on noise. 

 
Some researchers showed that these four physical environment aspects significantly influence the 
occupants’ health, mood, satisfaction and then their productivity (Boyce et al., 2003; Sundstrom, 
1986).  
Below some additional aspects of Space and Light in offices will be delineated. Indoor climatic 
conditions and sound will not be discussed further since these aspects will not be further addressed 
in this research.  

2.2.4.1. Space  

The purpose of an office space is to support its occupants in performing their job - preferably at 
minimum cost and to maximum satisfaction. According to Adler (1999) and Neufert (1998), 
generally, it can be distinguished into three different types of office spaces namely:  
1. Meeting spaces are typically used for interactive processes, such as quick conversations or 

intensive brainstorms. 
2. Support spaces in an office are typically used for secondary activities such as filing documents or 

taking a break.  
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3. Work spaces in an office are typically used for conventional office activities such as reading, 
writing and computer work. There are nine generic types of work space, each facilitates different 
activities (Neufert, 1998). Some commonly found in modern office are: 

 Open office - An open work space for more than ten people for activities which demand 
frequent communication or routine activities which need relatively semi-concentrated and 
collaborative works. 

 Private office - An enclosed work space for one person, suitable for activities which are 
confidential, demand a lot of concentration or include many small meetings. 

 Shared office - An enclosed work space for two or three people, suitable for semi-
concentrated work and collaborative work in small groups. 

 Others: team room, cubicle, study booth, work lounge, and touchdown space. 
 

This research will be focused on offices with the open work spaces, in which almost hundred percent 
of modern offices have it and almost eighty-five percent employees are working in this type of space 
(Gensler, 2008). Though as Neufert classified this kind of office space is aimed for working activities 
that need medium concentration, Gensler (2008) asserted that in a modern office this kind of space 
is used also for some working activities that need high level of concentration.  

2.2.4.2. Light 

The phenomena of the climate of the humid tropics described before, indicates that the climate 
conditions offer obviously an excellent means to use day-light for lighting the indoor space in office 
buildings. This can take place through fenestration in the building façade and skylights. The potential 
daylighting for working is available for the most working hours (from 8 AM to 5 PM). The amount of 
daylight received into an indoor space or room is defined as the day-light factor, being the ratio 
between the measured internal and external light levels. 

Daylighting has the benefit of saving energy by minimizing artificial lighting, as well as to increase 
(hypothesized) the effects of health and well-being. Yet, despite the favorable conditions for 
daylighting in HTCs, high solar radiation and high sky luminance may also cause problems, such as 
visual discomfort problems due to excessive daylight, glare and problems of illumination 
distribution. 

2.3. Building Façades 
 
2.3.1. Building façade classification 

The façade of building is a part of building envelope that has a task as mediator between outside and 
inside.  Knaack et al (2007) added that the facade has a function as an interface element to the 
exterior and Hyde (2001) resembled that façade function as human skin that has capability to 
regulate climate factors and act as an environmental filter. According to them, the facade should 
have an ultimate mission of regulating human comfort level (thermally, acoustically, and visually) by 
any technical solutions. In addition, Chapells and Shove (2004) included some other technical 
functions that have to be considered in designing facade systems such as environmental (energy 
concern), cost (economic concern) as well as social aspects (respect for user’s and other 
stakeholders’ requirements).  
 
Richard Hyde (2001) claimed that the building façade, based on the technology used, using 
metaphoric  term as skin, can be classified into five types i.e. Thin skins, inclined skins, thick skins, 
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buffering, and valve effect skins (table 2.1.). The characteristics of these types can be described as 
the following: 

 The thin skin façade is a façade which makes use of its material for regulating the climate. This 
type of façade consists of wall elements that essentially rely on the materials rather than 
buffering to shade the building to effect climate modification. In this type of façade, each 
element of façade has its main task. The first task of the façade is to accommodate the solar 
energy including daylight by using transparent element technology; whilst the opaque  elements  
is used mainly to prevent heat gain. The transparent elements in this classification are mainly 
related to the optical properties of the window glass. In this type of skin, the second task is 
conveyed by the interior shades. The shades are mainly used for decreasing solar problems such 
as excessive heat and glare since the optical properties of glass alone cannot fully addressed 
these both problems. Since the full window glazing façade building is the object of investigation, 
thus, this classification is the main focus of this research. 

 Other types of façade as Hyde (2001) had classified are:  

 The inclined skin façade uses an inclined and oriented wall or glass pane to protect the indoor 
space against direct sun radiation.  

 The thick skin façade uses the depth in the façade and projections to achieve a shading effect 
from the sun. This is characterized by the using of balconies, exterior shadings, and perforated 
walls, as well as optimum orientation for minimizing solar access. 

 The buffering skin façade uses the depth of the building as well as the environment such as 
trees, plants, verandas and other surrounding buildings as the strategy as a buffer to protect 
the building against solar effects.  

 The valve effect skin façade controls the internal environment by using apertures in the skin 
that can be opened and closed, filtered and directed to allow air and light to pass through.  

 
Table2.1. Building Façade Classification 

BUILDING  FAÇADE  CLASSIFICATION (Source: Hyde, 2001) 
1. Thin Skin 2. Inclined Skin 3. Thick Skin 4. Buffering Skin 5. Valve Effect Skin 

  
 

  

Strategies: 
Rely on materials for 
regulating climate 
such as insulation 
materials and optical 
properties of glass. 

Strategies: 
Inclined wall and 
glass away from the 
sun. 

Strategies: 
Using the depth and 
projections of the 
façade as well as the 
exterior shading and 
optimum orientation. 

Strategies: 
Using the depth as 
well as the 
environment such as 
plantations, 
perforated walls and 
verandah 

Strategies: 
Using open able 
dynamic windows as 
valves effects.  

 

In sum, as the function of climate modifier, the façade can be classified into five types and each type 
has its own strategies in controlling the climate forces. For thin skin façade, the façade technology 
accommodates two different tasks i.e. the window glass is for entering as much daylight as required, 
while the interior shading has a task for eliminating glare problem. These two tasks should be 
performed integrally to achieve optimal functionality of the façade. This research will focus on the 
evaluation the thin skin façades, particularly the façade’s fenestration system which includes the 
window glazing and the interior shadings. 
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2.3.2. Building façade fenestration systems 

Apart of the definition and functions of façade, Rush (2001) indicated – more focused on lighting 
aspects - that the fenestration is the most crucial building façade component that allow and 
determine the quality of daylight. He depicted the fenestration system is a part of the building’s 
envelope system particularly the façade system (see fig 2.2.). In addition, Moore (1991) also defined 
the definition and the task of that fenestration system. For them, fenestration is any opening or 
arrangement of openings (normally filled with media to control) for the admission of daylight, and 
for the purpose of illumination on horizontal work plane, and has general functionality tasks of: 
 

 Maximize light transmission per unit area of glazing. 

 Control direct sunlight penetration. 

 Control brightness contrast, especially between fenestration and surrounding room surfaces. 

 Minimize reduction of work plane illuminance. 

 Minimize veiling glare on work plane surfaces. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on those tasks of building fenestration, Knaack had broken down the fenestration into three 
elements (Knaack et al, 2007). Those three elements are: 

1. The exterior part of the fenestration i.e. the exterior shadings, 
2. The glazing and its frame,  
3. The interior part of the fenestration i.e. the interior shadings.  

 

 

Figure 2.2.     Fenestration system : static -window glazing and dynamic/adaptive interior shading as the 

focus of this research (left) ; and a portion of the building envelope showing some of other 

systems that integrate with the envelope (right). (Rush R., 2001). 
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Furthermore, based on the flexibility aspect of the device, these three elements are categorized into 
two components, i.e. the static (i.e. window glazing and static exterior and interior shadings) and the 
dynamic/adaptive (movable exterior and interior shadings) (Matusiak, 2002; Knaack, 2007). 

2.3.3. Office building façades in HTCs: the types and problems 

Concurrent with the development of façade technology and the priority of the environmental 
control strategies, one can observe the variety of office building’s façade style. As Richard Hyde 
(2001) claimed that those recent modern building façades can be categorized into five types, i.e. thin 
skins, inclined skins, thick skins, buffering, and valve effect skins. Each of these has its own strategy 
in controlling the ambient environment. The thick and thin facades in particular, have been applied 
also for the recent design of office building facades in HTC. The application of these two types is 
seemingly due to several building’s technological advancement such as the development of 
building’s structure, building’s material as well as the development of architectural styles such as 
modern and classical/traditional/regionalist  ones (Hyde, 2001). 

2.3.3.1. Thin skin façade of office building 

The thin facade which is commonly distinguished by the extremely large, un-shaded glazing areas 
and deep open spaces has been an increasingly popular office building facade in HTCs. This type of 
facade is the result of improvements in the window U-value and construction techniques, as well as 
a shift of architectural trend from conventional to modern ones. It also still has to be questioned 
whether the idea of using a glazed wall is generated from the urge for energy conservation for 
lighting. It can be suitable for buildings in sub-tropics where a building’s large glazing areas are 
needed to maintain large amounts of daylight penetrating the room as well as for meeting thermal 
objective (figure 2.3.).  
 
 
 

   

(a) Singapore (b) Bangkok (c) Manila 
 
 
 
 
 
 
 
 

Figure  2.3  Most common  thin skin type of office buildings found in big cities in Humid Tropic Cities 
(e.g. in (a) Singapore, (b) Bangkok, and (c) Manila). They had been built in full advanced 
glazing material and relied on this material technology for controlling both heat and 
daylight problems.  
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However this might not be the same in the tropics, current developments of advanced glazing, which 
is believed to solve the problem of both heat gain and daylight, might not solved other crucial 
problems faced by buildings in tropical regions. Explorative observations showed that many office 
buildings using wide glazing facade in HTCs, still cover their large window glazing with blinds for 
almost the entire days. It is hypothesized that this occupant’s behavior is forced by the problem of 
excessive heat and glare commonly faced by most of office buildings’ inhabitants in low latitude-
tropical regions. This situation will be worsened by the behavior of the office occupant who is often 
unwilling to open the blinds as soon as the heat and glare reduces. (See figures 2.4, 2.5, and 2.6).  
 
 
 

 
 
 
 
 
 
 
 

Whether this is due to unsuitable adaptability of shading system in respond to the variety of the 
users’ activity requirements remains to be questioned. Hence, the performance of this type of 
facade built for buildings in HTC remains to be an open question. Since this type is a trend and 
widely used in HTC, this type of building facade will be the main focus of this research. 

2.3.3.2. Thick skin facade of office building 

Besides that thin skin type of facade, office buildings in HTC are also experienced the thick skin type 
of facade. This type of facade is characterized by the use of the depth in the façade and projections 
to achieve a shading effect from the sun. In the appearance, they have many shading elements such 
as balconies, exterior shadings, and perforated walls (figure 2.7).  

The initial idea of this type of building facade in HTC is to solve the problem of thermal and to reduce 
dependency on energy. Secondly, it is influenced also by the rising of regionalist design which is 
attempting to reinvent the potential of traditional ideas of buildings. Besides the importance of the 
idea of regionalism, traditional building forms are also widely believed as being climatic responsive 
(Yeang, 1996; Philip Bay J. H. in Tzonis A, 2001). However, this type of building which is superior for 
thermal purposes does not mean also providing excellent performance for daylighting (Dinapradipta 
A., and Nastiti N.E., 2006; Kandar Z., et al, 2011; Ossen D.R., 2005).  The projection, shading element, 
balconies can become obstruction to the presence of daylight. 

 

Fig.2.5  In thin type of façade, glare 
commonly occurred since unobstructed 
bright sky seen in the worker’s field of 
view. 

Fig 2.4. Gloomy unpleasant work-space 
caused by  too low luminance of rooms’ 
surfaces. 

Fig.2.6 The using of blinds will 
temporarily eliminate glare, but 
problem of daylighting might occur 
since the occupants mostly unwilling 
to open the blind once the blinds have 
been closed.  
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2.4. Sustainability of Buildings’ Facade 

2.4.1. Sustainability 

Sustainability pertains several sustainable dimensions i.e. ecology, social and economic or what so 
called planet, people, and profit.  

The ecological dimension concerns in reducing negative human impact on the biodiversity and 
enhancing ecosystem services.  

The social dimension concerns the sustainability of the people.  

The economic dimension of sustainability concerns the specification of a set of actions to be taken 
by present person that will not diminish the prospects of future person to enjoy levels of 
consumption, wealth, utility, or welfare.  

2.4.2. Sustainable building 

Buildings and the built environment are part of our living environment that affect our living 
conditions and social well-being. Hence, it is important to explore sustainable sound of construction 
and to develop technologies for buildings that are sustainable, healthy and affordable.  

The concept of sustainability in building and construction has initially focused on issues of limited 
resources especially energy, and on how to reduce the impacts on the natural environment with the 
emphasis on technical issues such as material, building components, construction technologies and 
energy-related design concepts.  

Sustainable design has emerged as a guiding paradigm in the creation of a new kind of built 
environment: one that “meets the needs of the present without compromising the ability of future 
generation to meet their own needs” (World Commission on Environment and Development, 1987, 
p. 43).  

Figure 2.7.   Several examples of modern office buildings in Humid Tropics Cities (e.g. Intiland Tower, Jakarta-Indonesia 
(left), Menara Mesiniaga, Selangor-Malaysia (right)) categorized as thick skin façade. They use the exterior 
shadings and balconies for eliminating thermal problems. 
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2.4.3. Social sustainability of buildings 

This research focuses on the social dimension of sustainability. The social aspects of sustainability in 
buildings include comfort, well-being and safety of the building occupants. Human health protection, 
which is often wrongly associated with protection of the ecosystem, is in fact much more closely 
related to comfort problems (indoor air quality, thermal and visual).  

The rationale of considering the social dimension of sustainability in this research is attributable to 
the potential impact of the building technologies to the people i.e. to the inhabitants’ human health 
and well-being. Creating a feeling of comfort to the building inhabitants is one of the main 
dimensions of health and well-being (Vale and Vale, 1991).  

Analogue to the hierarchy of human needs, human comfort as one of health and well-being aspects, 
is one of the safety needs, (second level needs) as indicated in the hierarchy theory of human needs 
by Maslow (1943).   

In order to fulfill these needs, the design and selection of technological solutions in a building should 
be socially sustainable, i.e. the design and selection of the technologies must comply with the 
requirements for maintaining the inhabitants’ comfort needs to enable them to carry out their 
activities (McLennan, 2004).  

Thus, sustainable façade technologies are design and technological solutions in a building that are 
able to fulfill the inhabitants’ comfort needs to enable them to carry out their activities and which 
also lead to an increase of the employees’ productivity whilst decreasing energy dependency, 
therefore, improving the national socio-economic status.  

2.4.4. Indoor comfort: a social sustainability aspect of buildings 

Comfort and discomfort in an environment are major concerns for the occupants of buildings. The 
answer to the question “what is comfort?” is complex and varies widely when viewed from different 
disciplines. Simple or single-dimensional definitions of comfort are almost guaranteed to be 
inadequate in explaining the concept of comfort (Brager & De Dear, 2003). Using an onion with 
overlapping layers as a metaphor, the notion of comfort can be seen as evolving through time in 
which new meanings, shaped by culture, add additional layers to the previous ones (Rybczynski, 
1986). 

 
Historically, the notion of comfort referred to domestic attributes such as privacy, convenience, 
leisure, and ease (Bragger & De Dear, 2003). Using early modern British and Anglo-American 
domestic environments as case studies, Crowley (2001) suggests that comfort was originally 
associated with spirituality and morality. The eighteenth-century consumer revolution developed a 
culture of comfort that synthesized comfort’s new physical meaning with a traditional one of moral 
support. During this time, comfort was recognized as culturally progressive rather than physically 
natural. Physical comfort had developed into a culture to be learned and demonstrated as a sign of 
social progress. By the nineteenth century, the idea of comfort included values, consumption 
patterns, and behaviors in which all people were believed to be entitled to the same physical 
comforts (Crowley, 2001). This is perhaps the first time that the term was used to refer to physical 
indoor environmental comfort such as light, acoustic, heat, and ventilation (Rybczynski, 1986).  
 
Until recently, there is just few researcher can define the concept of comfort. As first, Vischer (1986) 
borrowed the concept of comfort from nursing; comfort is accepted as the state of mind that 
expresses satisfaction with the service or the environment. Developed from that Vischer’s definition 
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of comfort but in more detail, Bluyssen et al (2011) and Aries (2009) proposed that comfort is a state 
of physical ease and freedom from pain and constraint (the absence of discomfort) that depends of 
climate and environment, social aspect and culture as well as mood/motivation, timing and 
perception.  However, as Vischer argued that defining a comfort band in which all of the individuals 
within an environment comfortable is very difficult. This is because comfort is not only affected by 
environmental variables; it is also affected by physiological categories too. Therefore many 
researchers now believe that universal comfort can only be achieved if in addition to provide a 
certain comfort band in certain environmental conditions, and as consequence the designer has also 
to provide individual control to achieve their comfort (Humphreys 1995; Baker N and Standeven M., 
1995) 

In sum, the definition of comfort, therefore, is both physical and psychological state of mind of 
feeling pleasurable ease and freedom from any discomfort pressures (well-being). It is also a state of 
mind that expresses satisfaction to the service/environment in order to achieve those feelings. This 
state of comfort is influenced by many external factors such as climate, environment, social and 
cultural aspects as well as motivation, timing and perception.  As the consequence, it is impossible to 
determine the universal comfort standard. However, in certain environmental conditions (i.e. similar 
climate, social, and cultural condition), certain comfort band can be achieved by providing chance to 
the occupant to control the environment as they prefer. 

2.5. Functionality of Building Facades 

2.5.1. Functionality of a building 

Throughout the history, there were many definitions of functionality in architecture. Some 
philosophers assert that functionality is the “fitness of the purpose”. Since the focus of the 
architect’s work mostly relates to the building’s form, they assert that the form (including the 
building components) of the building must fit to the initial function. As Hugo Haring wrote that …’the 
design of the building should be at finding the form which meets its functional requirements in the 
simplest and most direct way “(in Capon, D S, 1999).  

 
Another development of the meaning of functionality in architecture was derived from Christian 
Norberg-Schultz. He asserted that the form has to be the effect of function. Christopher Alexander in 
the Syntheses of Form noted that the building form (including building parts or components) should 
respond to the function, and fit (of the façade system) to its ‘specific program’ or set of 
requirements (or context). From those philosophers and related to this paper intention, it is obvious 
that the variables of the functionality are the conditions which must be met by good fit between 
form (façade system) and the context (requirements).  
 

Then functionality of a building in general can be defined as the ability of a building or any of its 
components to perform the required functions or programs. 
 

2.5.2. Function of building facades 

In terms of technological function of facade systems, Knaack et al (2007) asserted that the facade 
has a function as an interface element to the exterior. For this function, the facade should have a 
mission of regulating human comfort level (thermally, acoustically, and visually) by any technical 
solutions.  
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In addition, as the concern of sustainable building arose, Chapells and Shove (2005) included some 
other technical functions that has to be considered in designing facade system such as 
environmental (energy concern), cost (economic concern) as well as social (respect for user’s and 
other stakeholders’ requirements). The underlying reason for this is people’s expectation of comfort 
that has changed significantly over the last few decades and it influences occupants’ expectation on 
comfort thus increases building’s energy demand and cost.  
 

Related to the function of the facade, but from the perspective of environmental psychology, 
Vischer (1989, 1996) proposed the concept of ‘functional comfort’ for the task of office buildings 
facade. It was developed to respond to the limitation of measuring user satisfaction. According to 
her, functional comfort is defined as an environmental support for user’s performance of work 
related tasks and activities through the use of building components such as windows and its 
supporting elements (i.e. window frame and shadings).  

2.5.3. Building façade’s component functionality  

Windows as one of the important parts of facade systems have also the function as ‘the eyes’, ‘the 
ears’, and ‘the nostrils’ of the building. Moore (1991, 1993) mentioned that many tasks of windows 
in building have to be fulfilled. In modern environment, window from the perspective of 
environmental design has to provide humans with a variety of functions which include the supply of 
interior spaces of buildings with light, solar energy, air and view according to the desires of the 
occupants and shields them from dust, noise, rain, excessive heat and cold as well as excessive glare. 
However, concurrent with façade technology advancement, every facades element has its own 
particular task. One can expect the best performance of every different façade’s element in its 
particular task (Knaack et al, 2007). The conventional static glazing component for example, has its 
initial task as thermal regulator but it recently has been developed as daylight regulator. The 
development of the glazing technology from clear to advanced glazing were meant to provide better 
performance in this area (Lee, Selkowitz, Barjanak, 2002; Selkowitz, 2001, 2003). Hence, it can be 
said that the ultimate task of window glazing component is to ensure the fulfillment of daylight 
performance (i.e. daylight intensity and penetration) requirements in office building. 
 
Shortly, the broad term of functionality of office building façade is defined as the capability of 
building facade to provide humans with a variety of window’s functions such as the supply of interior 
building’s spaces with light, thermal, air and view according to the desires of the occupants and 
shields the building from dust, noise, rain, excessive heat and cold as well as excessive glare. On the 
other hand, the functionality of building facades component -in this research refers to the static 
component of the façade i.e. window’s glazing- is the capability of the component to meet its specific 
utility requirements i.e. day lighting for working activities.  

2.6. Adaptability of Building Façades 

2.6.1. Adaptability of buildings 

Most buildings are not built in order to accommodate constant change, but only as a specific answer 
to current requirements and needs. Today, buildings are often a snapshot of a situation, frozen at a 
specific point in time. But demands of the building users will change over time and thus adaptability 
becomes an issue. Instead of adaptations as natural process, adaptability today is something that 
has to be planned (Brand, 1994).  
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The above concept has implicitly introduced the following concepts:  

Adapt – to meet the requirements or conditions; adjust or modify fittingly (Webster’s, 1994). 
Adaptable – capable of being adapted – able to adjust oneself readily to different conditions 
(Webster’s, 1994). 
Adaptive – Readily capable of adapting or of being adapted 
Adaptation according to Merriam Webster’s (1994), is defined as the act of adapting or the state 
of being adapted – a form or structure modified to fit to the changing environment. Thus 
adaptation is an adjustment to the changing requirements or environments. 

 
Based on these definitions, the physical adaptability of a building is the building’s structural and 
technical systems’ ability to adjust to changes in use and environment. This technological level of 
adaptation can be achieved by flexibility, partition ability, multi-functionality and the ability to 
extend. 
 
Advances in technology allow architecture to become more adaptive towards its environment and 
its inhabitants. This can occur on multiple levels. Environmental controls such as those to control 
temperature, lighting and shading have clearly reached the main stream, while technology for office 
automation and control are becoming more widespread, with considerable commercial interest. 
Beyond this, there are also much more fundamental developments. Smart materials have potential 
to be used in external facades to make buildings interactive and make use of their surfaces as 
communication media between inside and outside environment.  
 
Adaptive building in this context can therefore be defined quite broadly as being concerned with 
buildings that adapt to their environment and to their inhabitants whether this is automatically or 
through human intervention. This can occur on multiple levels and frequently involves digital 
technologies (e.g. sensors, actuators, controllers, systems and communication technologies). 
 

2.6.2. Adaptive facades’ component 

Previously, it was revealed that the adaptability of a building facade aims to accommodate constant 
changing of users’ requirements.  
 
In the same line of thinking, Vischer (1986) proclaimed that an adaptive façade aims to fulfill the 
inhabitants’ requirements to control the environment towards their state of dissatisfaction. 
Satisfaction with the environment could also be defined as indifference to the environment; in other 
words there is an absence of discomfort; where discomfort is alleviated by making various 
adjustments.   
 
The mechanism of man to alleviate discomfort fall in three categories i.e. behavioral, physiological, 
and psychological (Brager, and De Dear, 1998). Brager and De Dear (1998) asserted that an adaptive 
façade falls in the category of behavioral mechanism since this refers to behavioral adjustments or 
all modifications made by a person that might consciously or unconsciously modify the discomfort 
environment. These adjustments can be at a personal level (changing clothes, activity, posture, etc.), 
technological level (opening/closing windows, blinds, or shades, turning on/off fans or lights, etc.), or 
cultural level (rescheduling activities, adapting dress codes, etc.). 
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This research will concentrate on the adjustment of the façade at technological level: adaptations 
are made to the façade through user behavior (Brager and De Dear (1998)).  

Thus in this research, the adaptability of the building façade component means the capability of the 
dynamic façade’s component - in this research is the movable interior shadings- to be adjusted in 
order to control and meet certain variety of day lighting (intensity and penetration) and visual 
comfort (glare) requirements. 

2.7. Visual Comfort 

Raymond and Cunliffe (1997) had mentioned that one of physical requirements for office activity is 
the requirement of sufficient light in office space. This will support a visually comfortable space for 
the occupant to work. Visual comfort criteria in office space measures the ability of an individual to 
carry out tasks comfortably in terms of their photo-sensory perception of their environment 
(Vischer, 1986).  They are dependent on many factors including: light intensity, direction of light 
source, reflection of surfaces, contrast of surfaces, the nature of the task being undertaken and the 
photo-sensory response of the eye.  International recommendations specify the minimum level of 
illuminance required to provide visual comfort for various tasks and locations.  

 
Visual comfort performance is defined by IESNA as the quantitative requirement for performing a 
visual task, taking into consideration speed and accuracy at which the task is or has to be carried out 
(IES, 1993). Visual comfort performance is human perception of their visual environment in different 
room configurations and for different activities. A comfortable visual environment thus mainly 
depends on human perception and what one wants to see. Visual comfort relates to the absence of 
sensation of psychological pain, irritation and distraction. 

2.7.1. Daylighting for indoor visual comfort 

Light plays an important role in the achievement of indoor visual comfort, by providing an indoor 
visual environment with good visibility (i.e. sufficient light level, evenly distribution, free of glare) 
and view outside light is electromagnetic radiation. Human eyes are only able to observe 
wavelengths between 360 and 830 nanometer (nm) (Baker and Steemers, 2002, Fontoynont, 1999, 
Evans B., 1981, Moore F., 1991, Littlefair PJ, et al, 1994). 

 
Both daylight and artificial light are generally sources for indoor lighting. Daylight entering the 
buildings is from diffused solar radiation by clouds and diffusely reflected light from the ground and 
other buildings.  The amount of direct daylight from solar radiation varies widely depending on clear 
or clouded sky conditions.  
 
Daylight is an effective source in creating a pleasant visual comfort environment, while it is also a 
useful source of energy savings in office buildings. Daylight is considered as the best source of light 
for good color rendering and its quality is one source of light that most closely matches human visual 
response. A day lighting system has a purpose to provide sufficient amount of natural light when it is 
needed, while at the same time ensuring good visual performance (CIE, 1987).  
The daylight enters an office building mainly through the facade system i.e. window openings or 
fenestration systems that provide the dual functions not only admitting light for indoor environment 
with a more attractive and pleasing atmosphere, but also allowing people to maintain visual contact 
with the outside world (providing view).  
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The amount of daylight entering a building is indicated by the day light factor, which is the ratio of 
the internal light level to the external light level. It is defined as: DF = (Ei / Eo) x 100% 
Where, Ei = illuminance due to daylight at a point on the indoors working plane, Eo = simultaneous 

outdoor illuminance on a horizontal plane from an unobstructed hemisphere of overcast sky. 

The daylight that enters a building can be broken down into three separate components (figure 2.8):  

 Direct light from a patch of sky visible at the point considered, known as the sky component 

(SC).  This direct light represents solar radiation that is diffused by clouds. 

 Light reflected from an exterior surface and then reaching the point considered, known as 

the externally reflected component (ERC), 

 Light entering through the window but reaching the point only after reflection from an 

internal surface, known as the internally reflected component (IRC). 

 

The sum of the three components gives Ei = illuminance level (lux) at the point, which is defined as: 

DF = SC + ERC + IRC 

 
 
 
 
 
 
 
 
 
 

Figure 2.8 Components of light entering the room. DF = SC + ERC + IRC. (Szokolay, 2004) 

 
 
The major factors that influence visual performance and daylighting comfort are: 
1. The quality of the windows/fenestration is determined by the shape, volume (window to wall 

ratio), position, type (the value of visible transmittance) of glazing/fenestration, orientation, 
and shadings (Baker and Steemers, 2002, Fontoynont, 1999, Evans B., 1981, Moore F., 1991).  

2. The visual performance is determined by (a) good visibility, i.e. sufficient daylight level and 
evenly distribution and (b) visual comfort, i.e. free of glare and view outside (Littlefair PJ, et al, 
1994; Szokolay, 2000; Baker and Steemers, 2002; Fontoynont, 1999).  

 
The determination of the Daylight Factor in buildings is used to establish required visual comfort 
levels whilst designing the building and its facades. For example: to increase the DF, one could 
decide to increase (a) the sky component (SC) by using larger glazed areas in the facade; (b) the 
component of reflected exterior light (ERC) by using different types of external surfaces; (c) and the 
component of reflected interior light (IRC) by using different types of internal surfaces.  
 
The selection of a certain value for the daylight factor in the design of a building can have a crucial 
effect on the energy efficiency of a day lit building.  This also depends on the climate area, since 
daylight differs from one climate to another. 
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In temperate climates, for example, the low thermal insulation of glazed areas of the façade carries a 
heavy penalty on heating energy. Thus, designs decisions focused on a minimum glazed area is 
sufficient enough to provide adequate day lighting.  Besides, the short day lit hours of the winter 
season implies that the transition to artificial lighting will occur during the working day. This 
transition moment will be sensitive to the daylight factor and the light level required for functional 
purposes.  

In tropical climates the situation is different. In non-air-conditioned buildings there will be no energy 
penalty related to the size of open façade areas (which are usually unglazed), since the day length 
and sky brightness over the day is rather more uniform than in high latitudes, and the sky brightness 
is significantly higher. But there may be a penalty on visual comfort, since there might be a situation 
of visual discomfort due to glare associated with high levels of diffuse solar radiation.  

2.7.2. Factors influencing daylighting and visual comfort  

Literature on lighting has indicated various parameters by which visual performance and comfort in 
buildings can be assessed. Many of the important factors for visual comfort in day-lit environments 
are the same as those for artificial lit environments. However, the direction, quantity, quality, 
variability and information content of daylight is significantly different to that of electric light, which 
will cause differences in the levels of visual comfort between the two lighting conditions.  
 
Many articles have been published to define lighting quality (Veitch & Newsham, 1995, 1996; Veitch, 
2000; Tiller & Veitch, 1995). In one of the articles (Veitch & Newsham, 1995), the authors assert that 
lighting quality, including daylight quality is either the success or the failure of a lighting design to 
meet the needs of end users. According to them, lighting quality exists when a lighting system: 

 

 Creates good condition for seeing 

 Support task performance 

 Fosters desirable interaction and communication 

 Contributes to situational-appropriate mood 

 Provide good condition for health and avoid ill-effects 

 Contributes to the aesthetics appreciation of the space 
 
Veitch and Newsham (1995) claim that lighting quality is not directly measurable but is an emergent 
state created by the interplay between the lit-environment and the person in that environment. It 
means that to assess lighting quality, one should use a depth behavioral observation study 
(subjective measurement) besides the objective measurement (Veitch & Newsham, 1995). While 
fundamentally true, these have a drawback of being rather time-consuming since a large number of 
subjects is needed to evaluate a single situation.  
 
Some more concrete parameters for the lighting quality in buildings were provided by the “Quality 
of the Visual Environment Committee” of the IESNA (Illuminating Engineering Society of North 
America) (Miller, 1994).  This committee identified ten factors that contribute to lighting quality: 

1. Discomfort glare or brightness (comparative luminance) of room surfaces 
2. Task contrast 
3. Task illuminance and uniformity of illuminance 
4. Glare (source luminance) 
5. Color spectrum and color rendering 
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6. View 
7. Spatial and visual clarity 
8. Visual interest 
9. Psychological orientation 
10. Occupant control or system flexibility 

 
The parameters included the list of the “Quality of the Visual Environment Committee” of the IESNA 
(IES, 1993) which are useful for the study of visual performance and daylighting comfort are: 

1. Absolute Illuminance intensity (in lighting) or daylight factor (in daylighting). 
2. The illuminance distribution (in lighting) or daylight distribution and penetration (in 

daylighting) on the work plane 
3. Glare (disability and discomfort glare) 
4. Daylight control possibilities or daylight system for flexibility 

 
Slightly different from that IESNA visual comfort parameters, CIE task 21 (2000) differentiates those 
five parameters into two groups: 

1. Visual comfort parameters (this includes the absolute illuminance, uniformity or distribution 
of light, and glare).  

2. Visual amenity parameter (this includes the outside view).  

A number of researchers mentioned that the above indicated five IESNA and CIE quantitative 
parameters can be used for determining daylight performance in office environments in tropical 
humid countries where the available daylight is abundant and the glare problem is crucial (Brown, 
2000; Moore F., 1993); Laar (1), 2001). The five parameters are discussed below: 

2.7.2.1. The absolute work plane illuminance (E) and daylight factor (DF). 

Absolute illuminance value originated from artificial lighting performance indicator is used also 
conceptually for day lighting calculation.   
However, since many researchers have pointed out that people seem to have a higher tolerance for 
glare from natural daylight than from artificial lighting, research for evaluating daylight in office 
environment using absolute illuminance value as their indicator seems to have much higher value 
than what is required by the occupants.  
This is because people tend to adapt well to different fluctuation of daylight rather than that to 
artificial lighting (Slater & Boyce, 1990; Boubekri & Boyer, 1992; Chauvel et al., 1982). 
 
Other superiority of using daylight factor as day lighting indicator is, since interior illuminance due to 
daylight changes as the function of the sky conditions, absolute measurements of illuminance are 
not directly indicators of actual building performance.  
For the region which is mostly covered by an overcast sky (the type of sky that experiences changing 
overtime), the daylight factor (DF) is an appropriate indicator (IES, 1993; Fontoynont, 1999) because 
the daylight factor considers ratio of interior to exterior illuminance under the overcast sky and 
remains constant regardless of changes in absolute sky luminance. The relation between the 
outdoor and indoor illuminance is formulated as follows: 
 
                                            , where  
 
DF = daylight factor 
Ei = indoor horizontal illuminance  
Eo = outdoor horizontal illuminance 

%100x
Eo

Ei
DF   
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The explanation of daylight factor can be depicted as bellow: 
 
The daylight factor also has two advantages, outlined by Hopkinson, Petherbridge & Longmore 
(1966). First of all, it is an expression of the efficiency of the room i.e. as a means of penetration of 
available outdoor daylight into the room. Even though the outdoor light may increase or decrease, 
the daylight factor will remain constant because the interior illumination is also changing in 
accordance with the changing of exterior illumination. The second advantage is associated with the 
concept of adaptation. As the sky gets brighter, the eye will adapt provided that the change takes 
place slowly. As a result, visual appreciation of the interior will tend not to change radically even 
though the actual luminance will be higher (Hopkinson, Petherbridge & Longmore, 1966). 
 
In the field study, Christoffersen et al (1999) found a good agreement between measured daylight 
factors in 20 office building and ratings of appropriate level of day lighting from over 1800 office 
workers in those building. In general, the higher the daylight factor, the higher the rating of the 
daylight level. His research was also confirmed with research conducted by Roche et al (2000). They 
proved that the average of daylight factor was also found to be a good indicator of daylight 
adequacy. An analysis towards the occupants satisfaction with daylight levels as a function of 
measured in daylight factor revealed that the satisfaction will increase as the daylight factor 
increase. In other words, people preferred higher light level. 
 

2.7.2.2. Glare  

Glare is created by bright light patches at surfaces received in the FOV. Veitch (2000) found that 
direct glare due to excessive luminance contrast can cause disability and discomfort glare. It is 
difficult phenomenon to quantify or assess. This is because glare is a subjective quality of lighting. 
Space users confronted with similar luminance distributions in their own field of view (FOV) often 
experience the sensation of glare to varying degrees and are rarely consistent in their appraisal of 
different lighting conditions. However, some studies had revealed that glare as a sensation of 
brightness or darkness can be easily identified and assessed. That sensation of brightness or 
darkness in the room can be assessed by certain minimum and maximum range of average 
luminance values at surfaces captured in the FOV in the room. In addition, the experience of glare 
can be assessed by comparing between the tasks’ luminance values with their surroundings’ 
surfaces. In regard to glare, below are parameters that are used to measure it. 

2.7.2.2.1. Maximum and minimum luminance values 

It is also essential to examine whether the luminance in the room is too high or too low since too 
much light will make the space over bright and too little light will make the space appear gloomy and 
unpleasant. In this respect, NUTEK (1994) required that luminance values in an office space be kept 
below 1000 cd/m2 (preferably below 500 cd/ m2) in the normal visual field. Similarly, the CIBSE 
(1994) and Perry (1993) recommended that surface luminance should not exceed 1500 cd/m2, 
where work on computer is performed and that the luminance of the surfaces and the object facing 
the screen should be kept low, preferably below 500 cd/m2. Although the recommended values 
were vary, at least two sources recommend to avoid luminance values around 1000 cd/m2, and the 
most preferable was luminance value below 500 cd/ m2, especially in offices with VDTs. Luminance 
values of the surfaces above 500 cd/ m2 created too bright light environment. 
 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  

Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

28 

 

2.7.2.2.2. Luminance ratios 

Apart of those two parameters and performance indicators above, since glare is mostly subjective 
and close related to comfort (not directly related to the work performance), this indicator is included 
in the visual comfort criteria (IEA, task 21).  
 
Generally, there are two kind of glares i.e. disability and discomfort glare. The first one is a state of a 
moment disability to see caused by an intense high luminance source that is fallen down in the visual 
field for example looking at the sun or looking into the headlights of a car at night. The second one is 
a sensation of annoyance caused by excessive contrasts or non-uniform distributions of brightness 
among adjacent surfaces seen from the workers’ field of view (FOV). Since the disability glare is 
rarely happened in office space and until now there is no satisfactory model to predict and evaluate 
this condition, many of the glare indices in office space are simply measuring discomfort glare 
(Hopkinson, 1963, 1972; Osterhaus, 1998; Dubois, 2001). This is also stated in the ISO Standard 
9241-6 (ISO-2000) : “ the most important factors for ensuring good day lighting is an even 
distribution of surfaces’ luminance and contrasts in the office room”. Based on this, the research 
simply considers luminance ratios to be glare and thus do not distinguish between disability and 
discomfort glare. In addition, other researchers specifically investigate luminance ratios as a critical 
subset of glare. It is because of the clear impact of luminance ratios on the level of perceived glare 
(Loe, 1997; Carter, 1994; Newsham and Veitch, 2001).  
 
Since discomfort glare is highly influenced by the eye adaptation capability to those surfaces 
luminance captured within the workers’ field of view while they are working, the worker’s sitting 
position against the sources of luminance including window as the main source of daylight will highly 
affect the sensation of glare. Some researches have revealed that different angle of workers’ field of 
view has higher glare sensation than worker sitting any other different position against the window 
(Iwata et al, 1992; Osterhaus W, 1998). 
 
The workers’ sitting position thus can be one parameter to assess discomfort glare. Research by 
Osterhaus (1988) suggests that some sitting positions against the window has impact to discomfort 
sensation. Those particular sitting positions are (figure 2.9): 

 Window in front of the working plan: The user sits facing the computer with the window directly 
in front of them as the eyes will be directly facing the artificial window and therefore will have 
the highest vertical illumination. The FOV will consist mostly of the artificial window itself and a 
small portion being either the computer screen or peripheral objects such as the walls and the 
floor.  

 Window parallel to the working plan: The user sits at 90° from the window. The adaptation levels 

for this position are expected to be lower than the previous position. A small portion of the FOV 
will be made up to the computer screen and the floor.  

 Window behind the working plan: The user sits at 180° from the window (the window is behind 

the worker). The majority of the FOV will face the walls with a small portion being taken up with 
the computer screen and the floor. However, light from the window can shine directly to some 

parts of the computer screen, in some degree it will be reflected back into the worker’s eyes. It 
is unlikely that the adaptation levels would be higher than the first (window in front) because the 
amount of light reaching the vertical illumination plane of the eye is a product of the material 
reflectance in the FOV and not light reaching the eye directly from the artificial window. 
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It can be concluded that based on the above literature for daylighting performance, two kinds of 
aspects influencing the performance i.e. the quality of the windows/fenestration and visual 
function parameters. This section will be discussed in detail later. The variables of daylight 
performance are quantitative requirement for performing a visual task, taking into consideration 
speed and accuracy (visual performance) and the ability of an individual to carry out tasks 
comfortably in terms of their photo-sensory perception of their environment (visual comfort). Based 
on this definition, though there are many variables might be considered in assessing visual comfort; 
due to the limitation of time and method used (field study) and the case study buildings 
characteristics (high rise with glass dominance facade), this research only employs two variables of 
daylight performance i.e. visual performance (the indicators are daylight intensity level and 
distribution/penetration) and visual comfort (the indicators are luminance value and ratio) (see 
figure 2.10.).  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

2.8. Determinants for Building Façade Component’s Functionality and 
Adaptability 

2.8.1. OBF component’s functionality determinants: window glazing’s and combined 
window with closed-blinds’ type, size, positions, and orientation 

Windows comprise a large part of the exterior building envelope and have a major impact on the 
human activities inside the building and on energy use. Functional design and form of the window 

   

Figure 2.9 Sitting positions (working planes) related to the window. Window in front of the working 

plane (left), window parallel to the working plane (middle), window behind the working plane 

(right). 

DAYLIGHTING 
PERFORMANCE 

Visual Comfort/Glare     Visual Performance 

Daylight intensity Daylight distribution/ 

penetration 

Max/Min. luminance values. 

Luminance ratio. 

Figure 2.10.Variables influencing Daylighting Performance 
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maximizes the benefits of daylighting entering the rooms whilst providing visual comfort to the users 
and minimizing energy use. Its size, position, sectional characteristics, and relationship to other 
surfaces ultimately define the luminous experiences within the space. For this task, the development 
of façade technology has put the glazing types as the most important windows element for ensuring 
daylight quantity in the space followed by the other two elements (Guzowski, 2000; Szokolay S.V, 
2000). 

2.8.1.1. Window glazing, and combined glazing and closed-blind window 

The efficiency of windows varies greatly, primarily based on the type of frame construction and the 
glass type. Glazing materials are available in a wide range of thickness. In clear or tinted form, in 
single or multiple glazed configurations, all combined to provide the designer with a wide range of 
performance option.  

Window glass can be divided into six main types. They are clear, body-tinted, coated or surface-
modified, texture and pattern, wired as well as laminated glass. For daylight window, the types of 
clear, body-tinted and coated or surface-modified (or reflective) glasses are commonly used. They all 
have their typical performance data.  

The value of T or Tvis is a diffuse light transmission which reveals the capability of window glass in 
transmitting the daylight (see table 2.2.). The higher capability of window glass in transmitting the 
light, the higher the T value will be. However, it is noticed that the higher the T or Tvis value will be 
compensated by the higher solar gain factor.  

 
           Table 2.2 Some typical optical properties of window glasses in terms of light and solar gain transmittance values 

No. Type of Glass Thickness 
(mm)/Type 

Light (T or Tvis) Solar gain factor 

1. Clear Float Glass 6 0.80 0.76 

8 0.78 0.74 

10 0.77 0.71 

12 0.75 0.70 

2. Body-tinted Glasses 6mm green 0.66 0.58 

6mm blue 0.50 0.58 

6mm grey 0.39 0.55 

6mm bronze 0.46 0.58 

10mm grey 0.23 0.45 

10mm bronze 0.30 0.47 

3. Coated or Reflective Glass 6mm silver 0.09 0.21 

6mm bronze 0.09 0.22 

6mm blue 0.18 0.30 

         (Source: CIBSE, 1999) 

 
Clear glass provides a high transmission of daylight and also allows a high proportion of solar radiant 
heat to pass through it into the building. Body-tinted glasses are clear glasses which are modified by 
adding small amounts of additional materials into the mix to produce glasses which have different 
light and solar radiant heat transmission characteristics coupled with different color which go 
through the total thickness of the glass.  
 
This means that the thicker the glass the lower the light and the total radiant heat transmission. The 
coated modified glasses are clear or body tinted glasses which have been added with metal coatings. 
This coated glass does not only have modified light transmission and the total solar radiant 
transmission, but also acquire modified surface emissivity which enhances thermal insulation. Clear, 
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body-tinted and surface modified glasses can be regarded as environmental control glasses. They 
have significant influence on daylighting as well as the solar gain experiences in the building. 
 
As the windows’ shading applied in tropical climate is mainly used for blocking excessive heat and 
because of this is one of this reasons the interior blinds are mostly in the closed position, some 
researchers argued that combined window glass with closed blind is considered as window static 
component (Guzowski, 2000; Dubois, 2001; CIBSE, 1999). For this, CIBSE argued that this combined 
window components have its value of both thermal and light transmittances. CIBSE has provided 
some example of the solar transmittances of this combined glazing and closed blinds, however for 
the light transmittance, Dubois (2001) suggested to use the particular formula or to measure directly 
the transmittance value of this combined components using light photometer. 

2.8.1.2. Window size, positions, and orientation 

Window size and positions influence the amount, the distribution or penetration, as well as the 
uniformity of daylight (Guzowski, 2000).  

The Window to Wall Ratio (WWR) is the ratio between window glazed area and the total wall area 
(façade) where the window glass is located. The size (the height and the width) of the facade 
together with the window glass position affect the quality of daylight transmission. High window 
positions will let the daylight to penetrate deep into the room, while the wide window will distribute 
the daylight more evenly in the room (see figure 2.11.) 

More windows in one wall also influence the distribution quality of the daylight. The benefits of 
glazed windows which are positioned in more than one wall are: (1) They improve the distribution of 
daylight by displacing the sky line and by increasing the area of sky visible from deprived areas. (2) 
They also reduce glare by increasing the luminance of surfaces surrounding the window without 
increasing the luminance of the visible sky outside (Lechner, 2001).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
One can distinguish three types of window positions, each of them creating different daylight 
distribution and penetration inside the rooms from different sources (see figure 2.12.): 

 Unilateral (the windows are placed in one side of facade,  

 Bilateral (the windows are placed in two sides of façade)  

 Multilateral (windows are placed in more than two sides of façade).  
Bilateral and multilateral systems provide better distribution and penetration of daylight as they 
provide daylight sources from many sides (Evans, 1998). 
 

 

Figure 2.11. Different Window positions produce different daylight distribution (source: Ander, 1995) 
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Window Placements 
Unilateral Bilateral Multilateral 

 
 
 
 
 

  

 
 
 
The orientation of a building façade, hence the window glass within it, has an important influence to 
the interior environment. The orientation of the window glass is essential to gain better sunlight 
penetration. The orientation of window to the sun will significantly affect the amount of solar gain 
and the consequent degree of penetration of sun light. However, the window glass orientation in 
day lighting does not give any impact since in day lighting the sky as the source of light is assumed to 
be diffused and hence transmits the daylight evenly to all orientation. 

2.8.2. OBF component’s adaptability determinants: interior shadings’ occlusions and slat 
angles 

The main task of shading as daylight control device and anti-glare systems is to control daylight level 
entering the room and prevent extreme contrasts in daylight intensity (Lechner, 2001). The control 
of those two visual parameters is an issue that is especially important in office buildings with 
monitor workstations.  

A variety of different system can be used to mute and scatter the intense daylight. These are 
shadings placed in front of the building facade (at the exterior) such as the awning, fixed shading 
(overhangs, fins, awning, louvers, and light shelves) and shading placed behind the building façade 
(at the interior) such as curtains/screens and blinds (horizontal or venetian blinds, vertical blinds, 
roller blinds). Some research has revealed that they can be utilized as a daylight scoop and reflectors 
as well as glare obstruction. This counts especially for movable exterior and interior shading devices. 

The technology used is by adjusting their slat angles or occlusions (Rea, 1984; Selkowitz, 2000; 
Bülow-Hübe, 2001). Table 2.3 is the example of conventional movable interior shadings and its 
means for controlling the intrusions of daylight and glare. 

Table 2.3. Several types of conventional movable interior shadings.  

No. Type of the interior shadings 
(moveable) 

Means of control daylight intensity  
and glare 

1.                         Curtains 
 
 
 
 
 
 
 
 
 
 

 Adjusting the curtain vertically open 
and close. 
 

 

Figure 2.12. Different type of daylight system related to the window placements 

 

 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  

Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

33 

 

2.            Venetian and Vertical Blinds 
 
 
 
 
 
 
 
 
 
 
 
 

 Adjusting the blinds’ slat angles 

3.                     Roller shade blinds 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Adjusting the blinds’ occlusions 

(Source: Lechner, 2001 and CIBSE, 1999) 

 
Apart from those conventional interior shading, the development of the shading is guided to an 
optical shading system that can control glare as well as guide and distribute the transmission of 
daylight. Some of those shading system are light guiding shade, louver and blinds, light-shelf, turn 
able lamellas, fish system, laser cut panel, etc. (Matusiak, 2002). As the tasks of shading are light 
guiding and diffusing, the choice of shading then should be based on permitting daylight as well as 
avoiding glare. However, the performance of these shading as control device, as asserted by many 
scholars, is related also with the shadings’ attributes and their optical properties. So that the chosen 
shadings to allow maximum daylight while avoiding glare should also consider their materials’ 
attributes (Rubins, Collins, and Tibbott, 1978; Rea, 1984; Lindsay and Littlefair, 1992;  Bülow-Hübe, 
2001). 

 
In sum, the goal of adaptive façade is to provide comfort by means of controls / adjustment of 
façade component both manually and/or automatically. Utilization and control of daylight level, as 
well as glare, are the parameters used in this study. The control of façade by using adjustable 
shadings as an adaptive façade is the most effective way for ensuring daylight level adequacy and 
distribution as well as providing visual comfort by eliminating glare. The interior shading’s slat angles 
and occlusions are used to evaluate the facade adaptability. 
 
Thus from aforementioned, it can be capsulated in the following figure the determinants and 
variables having impact to the functionality and adaptability performance of the buildings’ façade 
components i.e. the window glazing and the interior shading respectively. In which at the end, these 
will influence the general functionality of office building façade (OBF) technology (fig. 2.13). 
 
 

  

 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  

Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

34 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.9. Analysis and Conclusions  

This chapter has been devoted especially to answer sub research question one. It is done for 
clarifying and determining particularly the definition and determinants of functionality and 
adaptability of office façade which are the focuses of this research. The daylighting and visual 
comfort indicators have also been discussed for assessing the facades’ functionality and adaptability.  

From the literature reviews described above, the important points can be summarized below: 

 Due to its equatorial latitude, the countries with Humid Tropics Climate have the opportunity to 
cautiously make benefit from its abundant daylight, both quantitatively and qualitatively in order 
to provide visual comfort importantly required to support building occupants’ activities. 

 Office building is a place to provide a workplace and working environment primarily for 
administrative and managerial activities. These activities comprise into two categories that has to 
be taken into account when designing the physical environment for working i.e. working quality 
(time used, priority and facilities needed) and quantity (the dominant office working activity and 
its characteristic done by most of the occupants). Concerning the type of activity, this research will 
focus on job-related activities. To support comfort in working in modern office, the physical 
requirements that should be fulfilled are both legal aspects (e.g. light levels must be sufficient) and 
technical aspects (e.g.  appropriate window and lighting). 

 Building façade in this research is the fenestration system that is part of building skin that has 
general task of allowing daylight into the room. The system comprises of exterior part (e.g. 
exterior shadings), the glazing and its frame, and the interior part (e.g. the interior shadings). As 
classified as the thin skin façade, this research is focused on the window glazing and interior 
shading performance. The static windows glazing component conveys its task as daylighting 
provider, while the dynamic interior shading component has a task to control device for both 

Control of daylight intensity (DF) & glare (luminance ratio) Daylight intensity (DF), penetration, luminance value 

Figure 2.13. Determinants and variables for OBF’s functionality  

Type of window 

glazing and blind 

Arrangement of window 

Adaptability of Dynamic-Interior Shading 

Components 

 Glazing’s 
transmittance value 

 Combined glazing + 
closed interior 
shading’s 
transmittance value 

 Window size: 
Window to wall ratio 
(WWR) 

 Window  placements 

Flexibility of the interior 
shading devices: 

 Occlusions 

 Slat angles 

 

 Functionality of Static-Window Components 

Office Building Façade (OBF) Functionality 
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daylight and glare. The research is intended to investigate the implication of these strategies to 
the indoor daylighting and visual comfort. 

 In the sustainability context, since the occupants’ comfort required for supporting the office 
activities is the main interest, social dimension of sustainability is the concern of this research. This 
social sustainability in offices can be achieved through a functional and adaptive façade technology 
that meets the users’ working activity requirement.  

 Functionality of the building façade refers to façade design that matches to the requirements of 
the office worker. In this research, the functionality of the building façade for office means that 
the façade should technically fulfill the requirements for both visual performance and comfort of 
the office workers based on their working activities.  

 Functionality of façade component refers to facade component that has a task to fulfill sufficient 
visual performance for working. In this research, it refers to the static component of the façade i.e. 
the window glazing. 

 Adaptive façade component is the façade component that can fulfill the users’ requirements as to 
control the environment towards their state of dissatisfaction at technological level (Vischer, 1986; 
Brager and De Dear, 1998). Therefore, adaptability in this research refers to the capability of the 
dynamic façade component i.e. the interior shading, to be flexible controlled in order to fulfill the 
users’ variety daylighting and visual comfort requirements.  

 In respect to daylighting and visual comfort, parameters such as visual performance (i.e. level of 
intensity and daylight penetration, luminance value), as well as visual comfort parameters (i.e. 
glare (luminance ratio)) are used and taken into account in this research to evaluate visual comfort 
performance for working activities in offices.  

 The determinants of building façade component’s functionality are window’s glazing type, size, 
positions and placements/orientation. These might influence the amount as well as the 
distribution of daylight while the type of window glazing determines the amount of daylight 
transmitted.  

 The determinants for building façade component’s adaptability are shading devices’ slat angles and 
occlusions. These influence the control of daylight intensity as well as glare.  

 These two building façade component’s determinants, at the end, will influence the general OBF’s 
functionality performance. 

 
Hence, it can be concluded that in the framework of OBF’s sustainability, proper daylighting and 
visual comfort can creates the acceptability and supportive environment for working activities. It will 
in turn support the building’s lifespan as it creates environments that “work” over long periods or at 
a given time planned.  
 
Proper daylighting and visual comfort for working can be achieved by providing the OBF with proper 
functionality and adaptability of façade components as required by the users’ activity. For this 
purpose, literatures reveal that the task division of the façade is vivid. The static components are 
used to fulfill the functionality requirements while the dynamic/adaptive components are used to 
fulfill and control the multi-visual performance and comfort requirements. Accordingly, to be 
considered as the functionality determinants of the façade’s components are the window with its 
attributes such as window size and position, window type (transmittance value), and window 
orientation; while the adaptive façade components determinants are the movable/adjustable interior 
shading devices also with its attributes such their occlusions and slat angles as well as the shadings’ 
attributes and optical properties.  
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From aforementioned, it is obvious that this research involves and discusses the interaction among 
two important aspects. First is the people with their activities and the second is the physical 
environment (building). In this case, the research will concern with the interaction between those 
two, the people (office workers with their working activities) and their physical environment with an 
emphasis on the sustainability of the building façade technology/BFT, in terms of functionality and 
adaptability in order to achieve visual comfort for working in the climate context of humid tropics. 

2.10. Theoretical Base 

People - Environment Interaction 
To be sustainable, the buildings must not only maintain the sustainability of the environment but 
also maintaining the sustainability of the people.  From the conclusions of conceptual definitions and 
the main research question, it is indicated that this research will describe the interaction between 
the people (i.e. the building occupants) and their physical environment (including the building and its 
technology) as well as to evaluate whether the physical environment (i.e. building façade technology 
used) has already met the occupants’ requirements.  
 
The environments in which we live and work affect our thoughts, feeling, and behavior. The 
relationship of man and environment is however bi-directional. That is, human beings are affected 
by the environment and they also affect the environment. Many studies particularly on social and 
environmental psychology, emphasizes this interaction (Vischer, 1986; Preiser and Vischer, 2004). 
The environment influences the way people live. People adapt their lives to some environmental 
conditions by modifying their built-form/artifacts. Wherever people have lived, they have changed 
their environments and natural surroundings. To live in a cold climate, for example, people must 
invent ways to protect themselves and make a living in the cold. To live in a place that is dry, people 
have to develop ways to provide water. People adapt to their surroundings. Adaptation is human 
reaction towards the state of dissatisfaction (Vischer, 1986). Satisfaction with the environment could 
also be defined as indifference to the environment, in other words the absence of discomfort; where 
discomfort is alleviated by making various adjustments or adaptation.   
 
There are many theoretical bases that depict the people-environment interaction and the focus is 
ranging from environmental control science to environmental psychology.  
 

2.10.1. Environmental control science  
As in this research the motive of using technology in supporting human activities is to alleviate visual 
discomfort, the whole range of actions to secure that in order to achieve satisfactory conditions is 
the central issue of environmental understanding (thermal, acoustic as well as lighting), and thus 
predicting the appropriate technology used. The relation between human and technology in order to 
control that unsatisfactory environmental condition is well described by using Environmental 
Science Approach. Humphreys in his “Thermal Adaptive Model” asserted that “………. if a change 
occurs such as to produce discomfort, people react in ways which tend to restore their comfort using 
any means….” (Humphreys, 1995, p.155). 
 
The model tries to explain that human make adaptation in order to achieve their thermal comfort. 
Brager and De Dear (1998) summarized three categories of human adaptation towards the absence 
of comfort. They are: 
1.  Behavioral adaptation: This refers to behavioral adjustments; including all modifications a person 

might consciously or unconsciously make, in modifying surrounding ambient environment 
condition that govern the human body. These adjustments can be at a personal level (changing 
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clothes, activity, posture, etc.), technological level (opening/closing windows, blinds, or shades, 
turning on/off fans or lights, etc.), or cultural level (rescheduling activities, adapting dress codes, 
etc.). 

2.  Physiological adaptation: The human body can acclimate to short-term or long-term exposure to 
discomfort. Short-term adaptation includes shivering, sweating, dilation of pupils, etc. Long-term 
adaptation refers to a genetic adaptation, which later becomes part of the genetic heritage of an 
individual or group of people. 

3. Psychological adaptation: This type of adaptation includes the effects of cognitive and cultural 
variables. It is believed that the perception of comfort is attenuated by one’s past experiences 
and expectations. 

 
Based on that model, Humphreys suggested a number of specific proposals for building/technology 
design action are: 

 The environment should be predictable: the occupants should know what to expect. 

 The environment should be ‘normal’: it should be within the acceptable range within the social 
circumstance in that society and climate. 

 Where people are free to choose their location, it helps if there is plenty usable environmental 
(thermal, lighting, acoustic) variety, then they can choose the places they like suitable for the 
activity in which they wish to engage. This can also be used as indications of insufficiently of any 
of them. 

 Where people must be in the fix location, provide them with adequate control of their 
environment. 

Through this approach, many researchers have been done to explain and evaluate that people-
environment interaction. These explanation and evaluation describe how technology (i.e. building 
façade) interacts with the people in order to do their activities in comfort way. 

Model of interaction investigated: people          environment. 
(1) Studies on the minimum window size requirement for visually comfort working had been done 

by several researchers.  Ne’eman and Hopkinson (1970) conducted an experiment to determine 
whether there was a subjective minimum window size. By asking for the minimum window size 
they need for visually comfortable working in terms of view, the results showed that, the 
occupants need the minimum size of window height: width of 1:1.5.  

(2) In addition to Ne’eman’s and Hopkinson’s study, Keighley (1973) carried out experiments in 
similar office model, however with the variable window geometry to examine various window 
design option to investigate which of them provided the greatest degree of occupants’ visually 
comfort working satisfaction. He found that subjects’ productivity was proportionally affected 
by the window area. The occupants could feel high degree of productivity if the window size 
could give the awareness of the weather outside and wide lateral view of both skyline and 
horizon.  

 

Model of interaction investigated: environment          people. 
(1) Study concerning the use of façade technology in mediating between the users’ activities needs 

and visually comfort working was carried out by Dahlan (2009). He wanted to know the 
correlation between certain daylight performance due to several façade technologies used and 
subjective respond due to daylight quality in the room. The study found that the occupants 
have innate visual expectation towards their indoor surrounding. This means that the variety of 
façade technologies have the capability to produce variety reactions of the occupants.  
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(2) Li, Ernest and Tsang (2008) studied visual performance requirements in sub-tropics climate by 
means of modifying the building facade attributes in looking at their effects on daylight level for 
working activities.  Using the analysis of Daylight Factor (standard requirements for working 
activities in offices is 2%) and glare index (standard maximum limit of 22) the found that 
exterior shading had the biggest influence to reduce daylight quality. This means that some 
facades’ attributes influence the performance of the workers’ working activity. 

(3) Ibrahim and Ahmed (2007) studied daylight availability in an office building due to various 
fenestration options. The goal of their study was to take a benefit from daylight illuminance 
availability in Malaysia that can meet most of the required luminance during the day, thus can 
be used for building energy saving. Similar to Li’s study, the authors found that those façade 
attributes have a significant influence on daylight quality in the space, thus influencing the 
workers’ working activities performance. 

From those explanations of human interaction with the environment in the view of environmental 
science approach, the goal of interaction is comfort achievement. According to thermal adaptation 
model, in order to conduct the activities in a comfort way, there are three ways of people adaptation 
in which one of them is behavioral adaptation using technology. The people might adapt to the 
environment by using any of technologies or tools. In other words, in order to achieve their goal, the 
people use technology in order to adapt and control the ambient environmental conditions 
(thermal, acoustics, and light). Brager and Dear (1998) categorized this as human behavioral 
adaptation in technological level. The relevance of this model to the research, then, is interaction 
between human and technology is well described in order to achieve comfort. Human reacts to the 
uncomfortable environmental condition by many means of adaptability. One of the means use 
building/building elements and technology in order to achieve comfort.  

This part elaborates the findings from the literature studies on the theoretical views about the 
interaction between people and their physical environment. Generically, it refers to finding 
theoretical bases to evaluate the functionality and adaptability of BFT.  
 
For many years, there has been an extensive debate among interdisciplinary scholars such as: 
sociologists, anthropologists, architects, environmental scientists and archaeologist (key texts 
include: Rapoport, 1969; Kahana, 1982; Law, 1996) about the interaction between man and its 
environment. Many studies have been conducted in order to gain knowledge and understanding 
about the nature of the relation between people, their environment and the building that they 
occupy.  
 
Any of the discussions among the scholars aimed at getting the same perception on this relationship. 
The final goals of the studies were to contribute to the quality of human life. The discussions concern 
on: (1) how the building functions, (2) whether it is influenced by or it is influencing people or groups 
of people who use the space and (3) how people live now and in the past in the provided buildings. 
The reciprocal relationship between humans and the environment (their shelter) has been related to 
the extent of the fulfillment of their basic needs. 
 
Progress gained from studies on the relationship / interaction between the humans and their 
environment (building where they occupy) has provided knowledge about how humans are related 
to the environment and their living/working place and vice verse. Yet there was also progress 
concerning theory and research methods. Additionally there was progress regarding the definition of 
the interdisciplinary fields of sciences of the built environment and the development of theories 
within the field. 
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Some theoretical approaches proposed by the scholars from different fields concerning the human 
and environment interaction are described below: One of the environmentalist approaches (e.g.: 
Proshansky 1995, Rapoport 1982); argues that the quality of the built environment depends on the 
consideration of the users requirements for the design. The requirements should not only be 
obtained from the knowledge and experience of engineers, planners or environmentalist, but 
primarily from the user of the built environment. By this statement the scholars implicitly point out 
their theoretical principle. User’s activities and requirements are the major determinants for the 
design of the built environment. Others were also argued by many scholars, e.g. Kahana, 1982; 
Vygotsky Lev, 1993, 1996; Langdon, 1993; Prohansky, 1995; Law, 1996; Wickens et. al, 1997).  
 
From those human and environment interaction approaches, it can be concluded that the initial  
principles involved on that interaction were: man (the individual) needs means (the object, 
technology) to carry out actions in order to meet their expectation/goals, which take place in a 
social system or other certain context (e.g. climate).  

2.10.2. Activity theory 

That interaction is well described and evaluated by using Theory of Activity. Engestrom (1999) 
proposed a scheme with three interacting entities to depict that interaction: the individual, the 
object or technology and the social system. The former scheme - the individual and the object was 
proposed by Loent'ev (1978).  
 
According to this theory, an activity is a form of doing directed to an object and activities are 
distinguished from each other according to their objects. Transforming the object into an outcome 
motivates the existence of an activity. An object can be a material thing, but it can also be less 
tangible (like a plan or goal or other motives) or totally intangible (like a common idea) as long as it 
can be shared for manipulation and transformation by the participants of the activity. Mediation is 
carried out by introducing a third; intermediate term human activity can be broken down to some 
activities that become stand-alone.  
 
All activities are influenced by the characteristics of the users and the society in which they live. The 
particularities of different societies can be recognized in certain activities and how these activities 
are supported by the technology attributes (e.g. façade attributes) that make up the building 
enclosure. Thus the users’ backgrounds (particularities) determine their activities and their 
requirements for building the façade design.  
 
The above theoretical views are underlying theories towards the activity theory in which it will be 
used as the basic theory in this research. This activity theory will be used for the analysis of the 
functionality and adaptability of the office’s BFT in Humid Tropics Climate.  

 
2.10.3. Theoretical framework  

The above theoretical view is applied in this research. It provides the basic theoretical framework for 
the analysis of the functionality and adaptability of the facade designs of the office in Humid Tropics 
Climate. However, since research regarding users’ characteristics (i.e. gender, age, the workers’ 
function in the organization, and the length of employment) in the field of daylighting/visual comfort 
had found that there were very weak correlations (Heschong, 2003; Galasiu and Veitch, 2006; 
Bluyssen, 2011), this research will concurrently  disregard the users’ characteristic variables.  
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The theoretical framework of this research showing the interaction between man and the 
environment can be depicted as the following (figure 2.14).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This figure depicts that in the boundary of office activities and the climate of Humid Tropics context, 
the facade requirements are influenced by the major activity requirements of the users. The 
workers’ working activities require certain daylighting level and visual comfort performance and thus 
determine the terms of reference on how these requirements are supported by the facade 
technology that make up the office building enclosure (the demand side). On the other side is the 
office building facades as being applied by the current investigated buildings (the supply side). The 
extent to which these current applied OBFs have met these requirements will determine the state of 
functionality and adaptability performance of the current applied OBF in HTCs.  
 
Accordingly, based on the literature, the user’s activity variables included in this research are: time 
and type of working activity, facilities used, location and position of working area/table. The facade 
determinants and variables having impact to the functionality and adaptability of the building’s 
facade components and considered in this study are the type and the arrangement of static-
window/opening which comprises into glazing and combined closed-interior shading visible 
transmittance values, window size and placement; and adaptive/dynamic-interior shadings’ slat 
angles and occlusions. 

Figure 2.14. Theoretical framework of the research 

 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  

Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

41 

 

PART TWO: CHAPTER 3 
Empirical Issues 

 

3. Introduction 
The purpose of this chapter is to present the theoretical basis underpinning this research, and to 
introduce the research steps and strategy as well as the empirical techniques applied. The chapter 
also briefly defines and situates the nature of research among the existing research traditions.   
 
This study was conducted in order to gain knowledge and understanding of the users’ requirements 
for functionality and adaptability of office building facades in Hot Humid Tropical Cities in order to 
support office work activities as well as to understand the extent to which state-of-the art office 
building facades technologies meet those requirements. To be able to gather the necessary data, the 
researcher utilized the descriptive - exploratory methods of research and quantitative approaches. 
The research methods adopted were mainly to conduct survey-questionnaire studies among two 
hundred fifty employees and case building studies among five office buildings in Jakarta, Indonesia. 
The fieldwork was conducted on site during which it is divided into three sequential stages. The main 
data collection techniques used were building physical documentations; on site measurements and 
questionnaires. 
 
The chapter is divided into four sections. In the first section, it describes the nature of the research 
and followed by the second section i.e. the research design which describes descriptive-exploratory 
method of the research. The third section contains the research method which describes the reasons 
for selecting the buildings and the sample as well as data collections, processes, and analysis 
methods. The last section is a brief summary of the chapter. 
 

3.1.  Nature of the Research 

The major focus of this research is on the office building facade technology (BFT). However, the 
research utilizes also office occupants’ activities as the major basic source in order to understand the 
extent to which the BFT meet their activities’ requirements for daylighting and visual comfort.  
 
By understanding the facts of the occupants’ activities, i.e. understanding what, which activities are, 
where, when, how and how long activities are conducted, one can predict the requirements for BFT 
in association with visual performance requirements (Szokolay, 2003). The activity is based on 
investigation, thus, it evaluates the facts of the nature of the activities conducted and the 
relationships between activities and the people who conduct the activities as well as the 
equipment/furniture they use. Accordingly in this research, the activities lead to “the user’s 
requirements” which can be translated into other “functional requirements” i.e. user’s visual 
performance and comfort requirements and finally dictate technological requirements. Therefore, 
the theoretical views adopted can be classified as positivists’ quantitative research. 
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The positivists’ paradigm “assumes that there is a single objective reality that is ascertainable 
through the five senses, subject to the universal law of science, and can be manipulated through the 
logical process of mind” (Erlandson et al, 1994:14). The new research findings might fit with the 
previous theory. Any mismatch with the previous knowledge or theory means either the previous 
data or the new data is flawed or the theory linking them is flawed. As part of the positivist research 
procedure, its logic should be shared as the common logic. That is the logic of experiment that 
manipulates quantitative measured variables to identify the relationship among them. Regarding the 
generalization of the findings, positivism adopts the universal law model that postulates regular 
relationships between variables across all circumstances. The statistical method is the only way to 
achieve generalization (Hammersley and Atkinson, 1989: 4-14). 
 
This research is based on positivist inquiry, primarily after rational consideration of the research 
questions and objectives. Firstly, this research aims to explore some “requirements” of the office 
occupants in term of their existing activities requirements which lead to the understanding of their 
visual performance and comfort requirements. This will finally end up with an exploration of facade 
attributes required. Secondly, this research aims to evaluate current facade attributes available 
which will lead to indoor visual performance and comfort provided. Using visual performance and 
comfort standard as the standard performance requirements and comparing those two sides, 
technology required based on users’ requirements will be used as the starting point for proposing 
proper office facade guidelines.  
 
In addition, based on those aims of the research stated above, the descriptive-explorative method of 
research was used for this study. This is because, as described in chapter two i.e. theoretical basis, it 
examines “who the users, what and why (the motives) they require as well as which technology 
needed”. To define the descriptive type of the research, Creswell (1994) stated that the descriptive 
method of the research is to gather information about the present existing condition and the degree 
of the present situation in detail. The emphasis is on describing rather than on judging or 
interpreting. The aim of descriptive research is to obtain an accurate profile of the people, their 
activities and their environment. Moreover, this method allows a flexible approach, thus, when 
important new issues and questions arise during the duration of the study, further investigation may 
be conducted.  Creswell (1994) also asserted that with this research type, it is essential that the 
researcher has already had a clear view or picture of the phenomena being investigated before the 
data collection procedure is carried out. The researcher used this kind of research to obtain first 
hand data from the respondents so as to formulate rational and sound conclusions and 
recommendations for the study. The descriptive approach is quick and practical also regarding the 
financial aspect.    
 
In summary, based on the research objectives, this research can be categorized as positivists’ 
quantitative research. Since the inquiries are focused on “what questions”, this research will use 
descriptive-exploratory research method.  In addition, a multi-case study will be used to derive to 
the general conclusions of the evaluation of functionality and adaptability of BFT in HTC. 
 
 

3.2.  Research Design 

To answer the research questions, five research steps were conducted. These steps including the 
activities in each step are presented in figure3.1, and table 3.1 below.  
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In this study, both the BFTs were evaluated. Based on the theoretical basis as described in chapter 
two and in order to achieve the goal of the research, this study will be comprised into five main 
steps. The first step was reviewing the literature regarding the concepts of some aspects considered 
in this study such as the nature of humid tropic climate, building facade, functionality and 
adaptability of building facade, office working activities and the standard used for measuring the 
functionality and adaptability of BFT as well as the theoretical view as an underlying theoretical base 
towards the research’s theoretical framework. The second step is to obtain data on the users’ office 
activities leading to terms of reference of functionality and adaptability of BFT as it is required by the 
users. It is used to determine the standard requirements. The third step aims to evaluate the 
functionality and adaptability performance of existing BFT applied in terms of its capability on 
providing visual performance and comfort. The result of this is the daylighting and visual comfort 
performance due to the applied BFT.  The fourth step is the evaluation of the extent of which the 
applied BFT has met the standard requirement as determined in step two. The last step is step five 
i.e. the validation of the result obtained in step four. The result of this activity is guidelines of 
appropriate office’s BFT in HTC.   

In all steps, descriptive research method was employed to identify the users’ working activity, the 
functionality and adaptability of the existing facade technology as well as the extent of which the 
current applied BFT meets the standard. For those aims, the researcher opted to use this research 
method considering the objective to obtain first hand qualitative data (in which it is converted 
statistically to the quantitative data) from the respondents and primary quantitative data both from 
documentation and measurement. The descriptive method is advantageous for the researcher due 

 

Figure 3.1 The conceptual framework (Noted that the numbers refer to the steps) 
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to those flexibility and giving the researcher greater options in selecting the instrument for data-
gathering.  

Table 3.1 Research steps 

No Steps Research Goals Results Instruments 

1. 
I  Reviewing existing 

literatures regarding the 
functionality and 
adaptability of office 
building facade 
technology. 

 Identifying general 
existing situation of 
office building facade 
technologies as well as 
the climate 
characteristics. 

 Understanding some basic 
concepts, variables, 
methods and standards 
used regarding the issues 
studied. 

 Understanding the existing 
office building facade 
technologies and their 
attributes used. 

 Understanding the 
characteristic of humid 
tropics.  

 Basic concepts, 
variables, methods of 
evaluation, and 
standards used. 

 Existing BFT attributes. 

 An overview of HTC 
and possible climatic 
influences to the 
functionality and 
adaptability of BFT. 

Literature study: 
Text books, 
Research reports, 
Seminars and 
Journal 
publications, 
Internet: E-journals 
by searching 
keywords 

2. 
II Identifying and analyzing 

the users’ activities in the 
office. 

 Obtaining data on the 
users’ office activities. 

Terms of Reference 
(TOR) leading to the 
standard requirement of 
BFT for HTC’s based on 
the users’ activities 
(demand side). 

Questionnaire: 
Open and close 
questionnaire 

3. 
 
 

III 

 

 

Identifying the current 
applied BFTs and analyzing 
the functionality and 
adaptability of these. 

Obtaining data on the 
functionality and adaptability 
of current used BFT. 

Description on the 
functionality and 
adaptability 
performance of applied 
BFT (supply side). 

Observation. 
Check list. 
Interview. 
Drawing study. 
Documentation. 
Measurements. 

4 IV Identifying and analyzing 
the extent of which the 
current applied BFT has 
met the standard. 

Obtaining data on the extent 
of which the functionality and 
adaptability of current used 
BFT has met the standard. 

Description on the 
extent to which the BFT 
(supplied) has met the 
users’ requirement 
(demand). 

 

5. V Synthesizing the results Validating the results by using 
computer simulation for an 
appropriate BFT design. 
Summarizing the results. 

Guidelines for office 
building facade design in 
HTC’s. 

Radiance software. 

 
Table 3.1 presents research instruments used in each steps.  
In the first step, the main instruments for gathering the data were from the text books and scientific 
publications both printed and published in the internet.  
 
In the second steps, a survey questionnaire was used as the main research instrument. In the survey 
questionnaire regarding the user’s activities, the research used office employees as respondents 
from five companies in five case study buildings in Jakarta. Another data were obtained from 
primary and secondary sources. The primary data were derived from the respondents’ answers given 
during the survey process. The secondary data on the other hand, were obtained from published 
documents and literature that were relevant to the questionnaire design as well as from the expert 
panel. With the use of the survey questionnaire and published literature, this study took on the 
combined quantitative and qualitative approach for data collection. By means of employing this 
combined data collection, the researcher was able to obtain the advantages of both quantitative and 
qualitative approaches and overcome their limitations. Statistical analysis is the main substance of 
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this quantitative instrument. From this first study “the BFT term of reference” was derived as the 
conclusions of BFT as required by the users. 
 
In the third steps, quantitative data collection methods were centered on the quantification of the 
impacts of current BFT on indoor daylighting and visual comfort. Quantitative data-gathering 
instruments establish relationship between measured variables. Observation, drawing study, check 
list and measurements were the main substance of this quantitative instrument. The quantitative 
approach was more on the detailed description of an office facade phenomenon in each case study. 
This third study basically gave a generalization of the gathered data by means of collecting and 
exploring information which describes the current applied facade technology being studied as “the 
existing of BFT functionality and adaptability”.   
 
The fourth step is where the final conclusion of this study was answered. Using data gathered in step 
three compared to the standard determined in step two, in the form of a detailed description, the 
main question: the extent to which the existing facades meet the BFT’s functionality and adaptability 
as required by the users were described. The findings of this step were used in step five, i.e. 
validating the findings by comparing the best practice building and other relevant research results. 
Using Radiance for desktop software, an example of proposed development of existing facade was 
simulated and based on this, recommendations were presented. 
 
 

3.3. Research Method 

3.3.1. Population and sample: the users 

Due to the descriptive-exploratory and survey method of the research, Warwick and Lininger (1975) 
asserted that it was not necessary to gain data from whole population since it will be costly and take 
longer time. As this research used similar characteristic of office buildings as case studies and the 
office employee working in those buildings with considerably similar stratum as research 
respondents, those sample member can be considered as homogenous. Thus, as Kish (1966) 
suggested that for that considerably homogenous nature of sample, small sample size can be used to 
represent the whole population characteristics. However, due to the kind of analysis used in this 
research i.e. parametric statistics: frequencies and multivariate analysis, she asserted that the 
sample must be normally distributed or the sample size should more than 30 (Kish, 1966). The 
minimum amount of sample size can be calculated using Normal Distribution Formula (Slovin 
Formula) (Fellows R., and Liu A., 2002). 
 

  

The sum (n) of that formula can be used as the minimum sample size.   
 
According to that formula, the minimum amount of respondents should be included in this research 
was as the following table (table 3.2). 
 
 
 

N= the population size  
d= the degree of accuracy expressed as a proportion (0.05).  
n= actual sample size 
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Table 3.2 Minimum actual sample size required 

No. Buildings The size of population in 
working space studied 

Minimum actual 
size of sample 

1. SCTV Tower 19
th

 floor 40 36 

2. Jamsostek 11
th

 floor 37 33 

3. Grha XL 10
th

 floor 60 52 

4. IKPT 10
th

 floor 62 53 

5. Energy Tower 30
th

 floor 80 67 

TOTAL 279 241 

 

 
The participants qualified for being the respondents were staff or employees of their respective 
companies who work daily in those buildings. This qualification ensured that the participants 
understand the nature of the part one (working space characteristics) of the questionnaire and its 
use for identifying the requirements, and making the survey items easy for them to accomplish. As 
the study also aimed to identify the users’ requirements who worked in the open plan type of 
working space, the researcher did not consider choosing the mode of employee’s selection except 
ones who worked in the open plan space.   
 

3.3.2. Case studies: the five office buildings  

The building population used in this research included those with high-rise (ten or more story) office 
buildings built in the year of 1995-2005 in Jakarta. This city was chosen because it was considered as 
one of the biggest cities in Indonesia which experienced the most of wide-glass-wall office building 
problems.  However, since the background of this research is indoor daylighting and visual comfort 
problems associated with designers’ decision to adopt a wide glass building facade design (window : 
wall area is greater than 80%) which is initially built for moderate climates, the building population 
then is deliberately chosen as those with that type of window facade. In order to reduce too many 
variables influencing the facade functionality measurements some consideration in choosing the 
case studies were established i.e. the case buildings were (1) ones which have open plan type of 
working room since this type has become a trend and favorable in terms of its flexibility of sitting 
arrangements  in modern current office space design;  (2) self-standing buildings as to avoid over 
shadowing effects that might affect the rooms’ daylighting performance; (3) buildings with variable 
windows placements as the results of variable buildings’ core positions. 
 
Based on the data compiled from Jakarta’s Municipality Office, there were 141 office buildings built 
in 1995-2005. Among them, there are twenty one buildings built in high rise (more than ten floors) 
full-glass wall, others had only less than ten storey and were not built in glass wall. From those 
twenty one buildings, due to the reason of access, the author received permission only to eight 
buildings. Unfortunately, in the halfway of research, three buildings decided to resign as being the 
case studies. The reason for that was the organization using those buildings either closed their office 
branches in Jakarta or moved the office to another city. Other technical limitation was that in each 
building sample, the author only had an access to one organization. It means that the research could 
be carried out only on certain floor that had been rented by that particular organization. However, 
from those twenty one high-rise with wide glass windows population, those five buildings can be 
considered as representative for office buildings with wide glass facade having specification of 
different kind of window glass used, window orientations, and indoor shadings use, and other 
specified conditions such as self-standing buildings with the rooms’ locations were at the 10th floor 
level or above.  
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3.3.3. Study variables 

Table 3.3 provides a list of all variables measured in this study. As mentioned in the theoretical 
framework, office worker activities and their requirements facts will support the inquiry for 
functionality and adaptability of facade technology required. For this, the variables of working 
activities measured were comprised into two. The first one concerned to the users’ information 
regarding their working activities  (i.e. type of working priority, time, duration) and their working 
space characteristics (location of working in the space and position of working table relatives to the 
window). The second concerned to the users’ requirements regarding facade functionality i.e. the 
users’ requirements on sufficient daylight intensity, and facade adaptability: critical time has to be 
considered in order to control daylight intensity and glare.  
 
Further, this research also evaluates whether the applied technology has met the users’ 
requirements. For this assessment, the main independent variables were related to the functionality 
and adaptability of the building’s façade components. For the former, it was measured in three ways 
i.e. window’ placements (bilateral and multilateral), type of window glazing (tinted and reflective 
type of glazing), and type window blinds (vertical, horizontal, and roller blinds type) when they were 
statically closed. The latter was measured in two ways when they were dynamically executed i.e. the 
blinds occlusion and blinds slat angle. The dependent variables were related to visual performance 
and comfort aspects. As described in chapter two, the visual performance variables involved in this 
study only those variables that met the following criteria: 

1. The variables provide a measure of visual performance and comfort for office working activity. 
2. The variables can be objectively measured in the field. 
3. The variables were cited in previous facade technology evaluation for visual performance and 

comfort. 
Based on those criteria, the dependent variables can be categorized into two i.e. visual performance 
and visual comfort variables in which each of those were divided into sub variables i.e. daylight 
intensity level and daylight penetration for visual performance sub-variables; and glare (luminance 
distribution) for visual comfort sub-variables. Table 3.3 presents variables used in this research in 
each step. 
  

 

Table3.3 List of variables in each research step (see also fig 2.13. The theoretical framework) 

Steps The purpose Type of Variables Variables and Sub-variables 

I. Reviewing the literature - 1. Sustainability, office activities, 
functionality of OBF, functionality and 
adaptability of building façade 
components and its determinants 

II Identifying the users’ 
activities.  
Identifying users’ 

requirements for visual 

comfort. 

Independent 

variables. 

1. Users’ activity: 
Type of works, facilities, working location 
and position. 

2. Users’ requirements for visual comfort 
(daylight intensity, glare control). 

Dependent variable 1. Functionality requirements 
1.1. Daylight intensity, penetration  
1.2. Luminance value 

2.  Adaptability requirements required as 
identified by critical time of: 
2.1.  Daylight intensity  
2.2.  Glare (Luminance ratio)  



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  

Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

48 

 

III Measuring the functionality 
and adaptability 
performance of the applied 
façade components 

Independent Variables 1. Facade component’s functionality (static-
glass window and combined glass window 
and closed-interior shading) variables: 
1.1.Window placements/position 
1.2.Window’s glazing’s & shading’s   visible 

transmittance  
1.4. Sitting positions and orientation  

2. Facade component’s adaptability (dynamic -
Interior shading) variables: 
2.1. Blinds occlusion  
2.2. Blinds slat angle  
2.3. Blinds optical properties 

Dependent Variables 1. Functionality: daylight performance of the 
glass and combined glass and closed-
interior blind 
1.1. Daylight Intensity in work planes (DF) 
1.2. Daylight penetration 
1.3. Average Luminance values in the room 

2. Adaptability: Daylight Performance and 
visual comfort of the dynamic-interior blind 
2.1. Daylight Intensity in specific work-
plane (DF). 
2.2.Luminance Ratio of surfaces (Glare) 

IV Measuring the extent to 
which the current applied 
facade meets the standard 

Similar to step III Similar to step III 

V Validation of the research 
results 

Similar to step III Similar to step III 

3.3.4. Data collection 

3.3.4.1. Instruments  

A. Identifying Functionality of the Facade as Required by the Users: Questionnaire 

To record information on users’ requirements in order to formulate the terms of reference of office 
facade design based on the activity requirements, the research used survey questionnaire. The 
user’s survey questionnaire is similar in the structure to the commonly used ‘Building Post 
Occupancy Evaluation’  for visual comfort assessment in office building (IEA, task 21, 2000 and  
Hygge and Lofberg, 1997; Fontoynont, 1999) which has been applied to over 500 buildings since its 
inception in 1985. However, different from those kind of building evaluations, since the research is 
conducted to seek insights (not the perceptions regarding the design) on the functionality 
requirements of the facade, the design of the questionnaire considers some substances that have 
not been included but can be very useful for gaining the user requirements concerning visual 
comfort as indicated and discussed in the literature review.  
 
The design of the questionnaire was carried out in three stages. The first stage was to compile 
questions regarding the variables based on literature (as the first draft). The second stage was to 
evaluate the content validity (whether the questions  were relevant to the research goal or other 
questions should be added; and how the answers could be tabulated) to the questionnaire using an 
expert panel (as the second draft), the third was to test the second draft to ten office occupants to 
ascertain both the language used in questionnaire (easy or difficult to understand), the type of 
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answers (close, open, or combined  questions) and to statistically test to gain the reliability of the 
questionnaire.  The questionnaire design was done in four months. The drafts and the final 
questionnaire can be seen in appendix 1.  
 
The questionnaire comprised in three parts and seven sections. The first part is the introduction on 
how to fill the questionnaire. The second part is the users’ working type and work-space 
requirements such as type of working activities, duration of working, sitting distance and position 
relatives to the window (showed in the drawing plan), type of office space, and orientation of 
window. The third part consists of questions evaluating the required functionality variables i.e. light 
intensity and glare, and adaptability variables i.e. duration, time and technology to control the light 
intensity and glare. The total questions were 25. The division of these parts and sections were as the 
following: 
 
 
The purposes of each section and questions of the questionnaire as the following: 

Section A. Users’ working activities and their working space requirements 

The purpose 

 

To gain major  information on typical types of  user’s working activities for making decision, the 
minimum standard requirements should be fulfilled; and some typical users’ physical working 
situations that have relations to their visual performance and comfort requirements. 

Quest 1. To gain information on typical working activities related to international or local (Indonesia’s) standard 
requirements (refers to sub-chapter 2.2.1) 

Quest 2. To identify typical time of the activities that is needed to be taken into account when considering visual 
performance and comfort for the users (refers to sub-chapter 2.2.1.) 

Quest 3&4 To gain information on user’s sitting distance from the nearest window in their whole working space 
and their specific working plane’s orientation in relation to visual performance and comfort (refers to 
sub-chapter 2.5.3.) 

Section I. Users’ requirements regarding daylight intensity in working space 

The 
purpose: 

To gain information on the extent of which users’ visual performance (i.e. Sufficient daylight 
intensity) is required for supporting their working activities and supplemental information on 
the reasons for those requirements.   

To identify critical time for facade adaptation.    

Quest 1-3. Introduction to section I. To identify the extent of which users require sufficient daylight 
intensity for their working activities as well as the reasons behind those requirements.  

For validation on the relationship between users’ activity and facade’s functionality 
technology by identifying moving reaction due to sufficient level of daylight intensity 
required. 

Quest 4. To gain information of critical time for facade adaptation based on daylight intensity 
requirement  

Section II.  Users’ requirements regarding glare control 

The 
purpose: 

To gain information on the users’ visual comfort (i.e. glare avoidance) requirement for 
supporting their working activities. To indirectly identify typical source of glare as well as 
when and how the facade is required to be designed to be adapted for glare avoidance 
requirement.   

Quest 1-3. An introduction to the section II. To indicate whether there is glare problem due to the 
facade design and the typical sources of the glare. For validation purposes on the 
relationship between users’ activity and facade’s adaptive technology required. 

Quest 4 To identify critical time and month for avoiding glare.  

See Appendix 2, for the complete questionnaire 
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B. Measuring Building Facade Component’s and Room’s Technical Specification   

To record the building facade components and the studied room’s technical specification, the 
researcher collected data from two sources and research instruments. First, she gathered 
information from primary sources such as direct measurements using light meters and metering 
devices. Secondly, she identified the building’s façade component’s technical specification through 
secondary sources such as building’s drawings, pictures, some product information, and from the 
building’s technical managers. The research instruments used were a camera, and a tape recorder.  
 

C. Measuring the Functionality and Adaptability of the Facade Components Currently Applied 

To record the functionality and adaptability of the façade components, the researcher primarily 
utilized light meter and luminance meter (figure 3.2).  

 
Figure 3.2 Instruments used: Light meter (Lux-meter) (left); Photometer / Luminance meter (right) 

 
The former device is common device for measuring light intensity level, while the latter is common 
device for measuring luminance distribution (glare) (Atif et al, 1997; Fontoynont, 1999). Both these 
handheld devices provide photo-metric point-by-point information. Beside these instruments are 
common devices to document the visual performance and comfort, the benefit of using this method 
is that it  can easily be implemented in large field area in a limited time. Other devices used were 
metering devices and a camera.  
 

3.3.4.2. Procedures 

A. Survey Questionnaire Distribution 

The final questionnaires were distributed in the mid of April to May 2012 to 279 office staff occupy 
the certain level of the five case office buildings in which 252 (90%) staff brought the questionnaire 
back. The reason of not to bring the questionnaire back were among others due to the staff were 
not in the office until the deadline day or the staff have not been at least a year occupy the space. 
However, this sample size fulfilled the minimum required size of sample size as determined by the 
formula in section 3.3.1. Data was collected by collectively addressing the building occupants 
through each building’s human resources manager who had been informed about the survey 
purpose and date. The detail of the total questionnaire which were distributed and brought back is 
as the following: 
 
Table 3.4 The number of distributed questionnaire and brought back 

No. Buildings Distributed Brought back (%) 
1. SCTV Tower19th 40 38 84 

2. Jamsostek 11th 37 33 83 

3. Grha XL 10th 60 52 87 
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4. IKPT 10th  62 53 82 

5. Energy Tower 30
th

  80 76 95 

TOTAL 279 252 90 

 
 

B. Identifying Building Facade Components Applied and the Rooms’ Surfaces Attributes   

The purpose of this activity is to record the case buildings technological attributes (the facade and 
room surfaces) by directly measuring the performance of those attributes. The documentation had 
done to the five buildings sample. The primary activity was to record the room’s and its surfaces 
attributes such as room’s level in the building, room’s geometry i.e. ratio of window height to the 
depth of the room (H/D), room’s orientation, all room’s materials used for its surfaces such as 
window, floor, ceiling, wall, work places, and types of shading used. The second activity was to 
measure the quantitative performance of room’s surfaces such as the transmittance performance of 
the transparent surfaces i.e. window glass and the blinds used as well as both transmittance and 
reflectance performance of other indoor surfaces i.e. wall/partition, floor, working plane and the 
ceiling. The procedures for data collection of these activities are described in appendix 3. 
 
C. Measuring the Functionality and Adaptability of the Applied Facade  Components 

In this stage, two activities of measurements had been carried out. The first activity was to measure 
the functionality (i.e. daylight intensity, daylight penetration, and glare) due to the facades’ 
technologies performance applied (i.e. window and shadings/blinds). The second activity was to 
measure the adaptability of the facade (the capability of shading used to be adjusted to 
accommodate the visual performance and comfort of the users). The procedures for data collection 
of these activities are described in appendix 3. 
 

3.3.5. Data processing and analysis 

A. Survey Questionnaire  

For the survey questionnaire, the research used descriptive statistical analysis. The analysis included: 

 Modal for indicating the most frequent answers. 

 Relative frequency i.e. ratio between modal and the total respondents for knowing the profile of 
(1) the users as well as the requirements profile of the users (1). Activity and their working space, 
(2) visual performance and comfort (daylight intensity, and glare) requirements.  

 Hypothesis test by using contingency analysis for knowing the characteristic of data by calculating 
correlation (dependency test) between 2 qualitative nominal scale variables between (1) users 
activity and their working space variables with (2) the visual performance and comfort variables. 

In executing the analysis, the researcher made use of Microsoft-excel and SPSS software. 
 
B. Building Facade and Rooms’ Surfaces Attributes 

For calculating the existing building facade and rooms’ surfaces applied, the reflectance and the 

transmittance value formulas were used. 

 

The ratio of reflectance value of the surface can be calculated as: 

  

 

 

 

the amount of the light received (lux) 
the amount of light leaving/reflected (lux)            

X100% 
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The ratio of transmittance value of the transparent surfaces can be calculated as: 

 

 

 

 

Microsoft excel was used to identify the performance of those technologies applied by means of 
calculating the mean value of each attribute. The results were confirmed with the product 
specification and literatures in order to categorize the specification of the material used. Analysis on 
the potential impact of those technologies used to indoor visual performance was also carried out by 
referring those attributes’ performance to some research that had been carried out.   

C. Functionality of  Window Glazing 

Daylight Factor (DF) and Daylight Penetration  
Indoor and outdoor illuminance values collected from the measurement are used to identify the 
indoor daylight intensity values or daylight factor (i.e. adequacy of daylight received in the work 
planes/nodes in order to support well performed task). The daylight factor (DF) can be calculated as 
a ratio between indoor and outdoor illuminance and it can be formulated as follow: 

 
 
                                 , where  
 

DF = Daylight Factor; Ei= indoor horizontal illuminance; and Eo= outdoor horizontal illuminance. 

These daylight factor values are employed to evaluate the daylight presence and to describe how 
much daylight illumination will reach into the building. For these purposes, the pattern of daylight 
factor performance in the room will be analyzed using the Daylight Factor profile i.e. sectional view 
of the space that is being investigated. The graph is drawn of the magnitude of daylight factors 
curves versus the distance of any node from the window. The curves on this graph demonstrate how 
the amounts of the daylight factor vary from the front to the back of the space and how effectively 
daylight will penetrate into the space. By drawing a line parallel to the x-axis that is representing the 
minimum and maximum of acceptable (i.e. adequately lit without causing glare) Daylight Factor 
requirement for the activity and the percentage of nodes that meet and not meet those 
requirements, one can see which parts of and how large the space are adequate daylight.  

Besides knowing how much and how effective the daylight can enter, the shape of the DF profile 
curves can display the rate of change of illumination level across the depth of the space. This rate of 
change is needed to ascertain sufficient daylight intensity level reaches the depth of the space. The 
basic standard for daylight penetration was the minimum standard of daylight factor that should be 
available at the space (i.e. working planes) which has twice the height of the window in distance 
from the perimeter (Szokolay, 2003; Guzowski, 2000). 

                            , where  

D= the minimum distance of working planes; and H=the window height 

For evaluating those performances, Microsoft-excel program was used as a tool to calculate the ratio 
between indoor illuminance in each node to their outdoor illuminance measured. The results of the 

the amount of light transmitted/reflected (lux) 
the amount of light received (lux)              
 

X100% 

%100x
Eo

Ei
DF   

D = 2 x H 
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calculation were daylight factor value in each node. The final analysis was carried out using both the 
standard parameter of daylight factor and penetration. By using the Microsoft-excel software the 
daylight factors and penetration capability of that daylight intensity in all represented nodes were 
evaluated against the standards. 
 
 
D. Adaptability of the Interior Shading  

Besides the DF level, one of the performance indicators in this study was the glare as a form of 
luminance ratios between the task and its surroundings. Since the sitting and viewing directions 
were too variable, it is impossible to take into account all the sitting position and viewing direction. 
The analysis of luminance ratio will be carried out in several positions of sitting as well as parallel to 
the window viewing direction (sitting orientation) which is chosen as this orientation was the major 
sitting orientation at all case buildings and might have high potential to experience glare from the 
window. Those sitting positions that potentially have glare problem are those located in the first 
zone (0-6 meters from the window) with both ergorama and panorama viewing directions (60o and 
120o) from the normal view to the window view. Other sitting positions considered were those in the 
western and eastern part of the building plan. Finally, in order to assess the efficiency of blinds in 
controlling glare, the luminance of the surrounding surfaces were also analyzed with variable 
conditions of blinds slat angles and occlusions. 
 
After the all luminance values of points at the surfaces was gathered, the final analysis of glare as 
the luminance ratios were conducted by comparing those values at each surface using standard 
parameters based on the evaluation of the users’ requirements.  As the goal is to evaluate whether 
the blinds used have met the users’ requirements as a control device in order to achieve their visual 
performance and comfort, the analysis of the adaptability of the facade were focused on whether 
the blinds’ tilts and occlusion system accommodate the daylight intensity level and luminance ratio 
in certain critical times as required by users. The final analysis was carried out using both the 
standard parameter of Daylight Factor and Luminance Ratio. By using the Microsoft-excel software 
the daylight factor and luminance ratio in those represented nodes were evaluated against the 
standards. 
 
 

3.3.6. Computer simulation  
Computer simulation was used to propose example to enhance the functionality performance of the 
applied facade. The results would not provide description of exact daylight values achieved due to 
some facade technologies developed but rather to provide the daylight values enhancement trends 
due to the influence of additional strategies/interventions. The interventions proposed were (1) the 
addition of indoor light-shelf and (2) the use of reflective ceiling sheet. Since all the case studies used 
interior shadings, the influence of some type of indoor shadings to the DF trends is also observed. 
 
In this study, Radiance package software developed by Autodesk, INC, USA was used. Radiance is an 
advanced lighting and visualization application. The strategies in this simulation include the 
following: 
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Note:   location of points/nodes measured  

 
 
 

 As a base case was the existing Grha XL building with window facade’s and room’s attributes: 
Facade technology (i.e. reflective glazing window, Tv=0,42); WWR=0,75; room geometry 
(H/D=0,27); surfaces’ reflectance (floor=10%; wall=47%; ceiling=70%; work-plan=48%). 

 The XL’s room was used in this simulation since its geometry was considered as an ideal shape 
and orientation particularly for thermal purpose which was a crucial problem in tropical climate 
(see figure 3.3.) 

 The points/nodes measured were represented by those located in the middle of the room 
stretched from North to South. There were 25 points/nodes observed (see fig 3.3.). 

 There were 8 facade geometry models simulated in this study. They can be seen in table 3.5 
below. 

 
Table 3.5. Models of facade geometry studied 

No Facade Technology Studied 
(section drawing) 

Facade 
Technologies 

Models 

No Facade Technology Studied 
(section drawing) 

Facade 
Technologies 

Models 

1. 

 

 Bare reflective 
glazing window. 

2. 

 

 Bare reflective 
glazing window. 

 Interior light-
shelf. 

 G (base-case) 

  

GL 

 

Figure 3.3.  Floor plan of Grha XL 10
th

 floor and location of points measured 
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3 

 

 Bare reflective 
glazing window.  

 Interior light-
shelf. 

 Reflective 
ceiling sheet. 

4. 

 

 Bare reflective 
glazing window.  

 Interior light-
shelf. 

  Reflective ceiling 
sheet. 

 Perforated roller 
blind closed. 

 GLC   GLC_R50  

5 

 

 Bare reflective 
glazing window.  

 Interior light-
shelf. 

  Reflective 
ceiling sheet. 

 Venetian blind 
opened. 

6. 

 

 Bare reflective 
glazing window.  

 Interior light-
shelf. 

  Reflective ceiling 
sheet. 

 Venetian blind 
closed. 

 GLC_Vnt_90   GLC_Vnt_0  

7 

 

 Bare reflective 
glazing window.  

 Interior light-
shelf. 

  Reflective 
ceiling sheet. 

 Vertical blind 
opened. 

8. 

 

 Bare reflective 
glazing window.  

 Interior light-
shelf. 

  Reflective ceiling 
sheet. 

 Vertical blind 
closed. 

 GLC_Vrtc_90 

  

GLC_Vrtc_0 

 

 
Other assumptions used in the simulation were: 
 The sky condition was assumed to be overcast (as commonly occurred in Jakarta). 

 Based on Indonesia’s geographical location and time selected, the boundary conditions were 
defined as:  Jakarta latitude: - 6.21154, longitude: 106.84; Simulation time and date: 11.00 AM at 
August 20th (assumed as the critical time for daylighting). 
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 The simulations used the number of iterations in the range of 15,000 to 20,000. For the purpose 
of examining daylight distribution, horizontal work plane (80 cm) was determined.  

 
The analyses will be on daylight factor values trends (values decrease/increase, and they are 
distributed evenly particularly between those located in window perimeter and deep in the room). It 
will be observed when the facade is added by both light-shelf and reflective ceiling as well as when 
the blinds are operated fully opened or fully closed.  
 

3.4. Summaries of the Chapter 

Chapter three has been presented the empirical issues which are the elaboration of the theoretical 
basis underpinning this research i.e. the research steps and instruments in order to gather data and 
data analysis. Survey questionnaire and field measurement were the main instruments used for 
gathering the data. Statistical data were also provided for essentially descriptive purpose, 
particularly to depict major users’ activity requirements in the five case buildings. Using simple 
frequencies it was possible to provide the statistical base which supported explanations of major and 
office activities as well as the extent to which the current applied office facades meet the users’ 
requirements in which those were represented by some standards requirements. Statistical analysis 
using cross tabulation and dependency correlation were also used to assess and describe linkages 
between variables of users’ activity and facade’s functionality (i.e. static-window components) and 
adaptability (i.e. dynamic-interior shadings components) considered in the this research. Computer 
simulation study was used to predict the behavior of daylight after some interventions were 
conducted to the applied facade. This study was proposed to provide example how to enhance the 
functionality of the current applied OBF. 
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PART TWO: CHAPTER 4 
Office Buildings in Indonesia  

 

4. Introduction 
This chapter explains the contextual aspects such as 
geographical location and climate condition of 
Indonesia, particularly those having influence to the 
daylighting and visual comfort. The explanation is 
further elaborated to the general features of the 
existing office buildings in Jakarta as to describe an 
overview of the physical characteristics of these OBF 
(the supply side) as the focus in this study. Standard 
building design from the Indonesian National 
Standard (SNI) as well as the Malaysian Standard 
(MS 1525) regarding daylighting and visual comfort 
for buildings is also provided for providing an 
overview of standards available that should be 

considered as benchmarks for designing the office building façade in Indonesia.  
 
 

4.1. Indonesia: Location and Climate 
 
Indonesia is located in a region that experiences the tropical humid climate. The country is situated 
at the latitude ranging from 6o8’North to latitude 11o15’South and the longitude ranging from 
94o45’East to 141o5’ East (figure 4.1). The hot and humid climate is almost throughout the year 
(Baruch G., 1998).  
 
 
 
 
 
 
 
 
 
 
 
 
 
There are relatively high temperatures (maximum average of 27oC-32oC and minimum 20oC-23oC) 
and solar radiation intensity (maximum average of 371 Watt/m2 and minimum of 267 Watt/m2) as 
well as high humidity (75%-90%) (Soegianto, 1999). The wet rainy season is approximately from mid 
October to mid May. Meanwhile, the hot humid season starts from mid May to mid October (figure 
4.2). As the particular characteristic of Humid Tropical Climate, Indonesia has the sky that acts as 
daylight reflector, due to the clouds that mostly cover the sky. This causes a high global sky 

 

Figure 4.1.  Indonesia in its context of Hot Humid Tropic Climate 
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luminance level that can reach as high as 100.000 candelas per meter square. The sky type is mostly 
partly cloudy and overcast (Rahim, 2009).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                        Figure 4.2. Climatic features of Jakarta city. (Source: BMKG_Jakarta.com) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  Figure 4.3. The sun-path across the sky dome of Jakarta City, Indonesia 

 
Showing by the sun-path of Jakarta (figure 4.3), the potential daylighting for working is available for 
the most working hours (from 8 AM to 5 PM) and if it is seen from the sun path, the North sun 
dominates the monthly (March to September) sun’s trajectory with the lowest sun angle of 15o and 
the highest of 90o. Thus when designing building components for daylighting without causing high 
solar radiation entering the space, in Jakarta particularly, one has to consider Northern and Southern 
part of building’s opening instead of West opening and a diffuse daylight at a number of high sun 
angles (i.e between 40o to 90o). 
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4.2. Office Buildings in Jakarta, Indonesia 

4.2.1. General features 
Identification of office building population in Jakarta-Indonesia was carried out among office building 
built in the period of 1990-2005. This period is determined since from 1990’s, the trend of full-glass 
office buildings in Jakarta in particular and other big cities in Indonesia increase. Data obtained from 
the Jakarta municipality offices identifies that in this period of time there are 20 buildings have been 
built, and they are mostly in high rise glass-dominance façade style. The list of those buildings is in 
the table 4.1. 
 
The description of those office buildings profile is based on the physical characteristics of the 
building and building elements that influence the functionality and adaptability of building façade. 
Based on literature (Ruck, 2000; Li et. al., 2008), the basic building physical characteristics in Jakarta, 
Indonesia can be broadly classified as follows): 

1. External elements i.e. external shadings. 
2. In wall elements i.e. fenestration orientations, fenestration area (WWR=window to wall 

ratio), fenestration types. 
3. Interior elements i.e. room geometry (ceiling height to room depth), interior shading types 

and means of control system, reflectance of room surfaces. 
4. Design option i.e. side lighting (unilateral, bilateral or multilateral) and roof/sky lighting. 

The data was collected by means of interviewing the building managers; documenting glazing 
products materials from some glazing industries; as well as directly observing the building.  
 
Table 4.1.  Office buildings population profile at Jakarta – Indonesia built on 1995-2005 

 
 

 

No 
 

Building 

Building information External  

elements 

In-wall elements Interior elements  

Design 
option Year Built Sto-

r
e
y 

Orientation External 
shading 

WWR 

(%) 
Glazing types Fenestration 

Orientation 
Room 

geometry 
Sha-

d
i
n
g
  

Co
n
-
t
r
o
l 

1 Graha Unilever 2000 14 South-West - 80 Single, tinted  4 orientations n.a v.b Ma
n 

Side-lighting 

2 Graha Mustika Ratu 1999 14 South - 80 Single, tinted 4 orientations n.a v.b Ma
n 

Side-lighting 

3 Gedung Mitra 1994 12 South-West - 60 Double, tinted 4 orientations n.a r.b Ma
n 

Side-lighting 

4 Menara Jamsostek 2000 12 North; South - 75 Single, tinted  4 orientations 0.18 v.b Ma
n 

Side-lighting 

5 Wisma Argo 
Manunggal 

1990 20 South-West - 80 Singleclear+film 
sheet 60% 

4 orientations n.a v.b Ma
n 

Side-lighting 

6 Graha BIP 1990 14 South-West - 80 Single,tinted 
green 

4 orientations n.a v.b Ma
n 

Side-lighting 

7 Gedung Adhigraha 1995 19 South-West - 60 Single reflective 4 orientations n.a v.b Ma
n 

Side-lighting 

8 Gedung Indosat 1990 12 East - 80 Single, tinted  4 orientations n.a v.b Ma
n 

Side-lighting 

9 Gedung Sapta Pesona 2005 15 East - 80 Single, tinted  4 orientations n.a v.b Ma
n 

Side-lighting 

10 Gedung Jaya 1990 15 East - 50 Single 
clear+film sheet 
60% 

4 orientations n.a v.b Ma
n 

Side-lighting 

11 Dharmala Intiland 1990 24 South-East Combined  20 Single, tinted 4 orientations n.a v.b Ma
n 

Side-lighting 

12 Recapital Building 2005 12 West - 70 Double 
tinted+film 
coated 

4 orientations n.a v.b Ma
n 

Side-lighting 

13 SCTV Tower 2000 16 West - 75 Single, 
tinted+Low E 

4 orientations 0.28 r.b Ma
n 

Side-lighting 

14 Menara Global - - South-West - 85 - 4 orientations n.a - - - 

15 Gedung PU, Jl 
Pattimura 

2000 10 East - 80 Single, tinted 4 orientations n.a v.b Ma
n 

Side-lighting 

16 Gedung Kementrian 
SDM 

1995 10 West - 80 Single tinted 4 orientations n.a v.b Ma
n 

Side-lighting 

17 ANZ building 1995 10 South-East - 80 Single tinted 3 orientations 0.20 h.b Ma
n 

Side-lighting 
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Note: 
1).WWR=Window to wall ratio 
2). N.a = not yet available (it will be identified in the second field survey) 
3). V.b = vertical blinds; h.b = vertical blinds; r.b = roller blinds 
4). Man= manually controlled. 

 
From the table, it can be concluded that the current office building wide-glass façade systems 
applied and built in 1995-2005 in Jakarta-Indonesia have in common: 
1. External elements: without shading (i.e. bare wide-glass wall), and with shading (i.e. combined 

tilted horizontal and fins) 
2. In-wall elements:  

Window to wall ratio (WWR):  ranging from 60%-90%  
Glazing types: single or double pane tinted glasses with (reflective and Low-E) coating or without 
coating, tinted with film sheet; and single or double pane reflective glasses. 

      Fenestration orientation: all buildings have glass façade in their sides and in variable orientations. 
3. Interior elements:  

Room’s geometry: ranging from 0.20-0.30 
Room’s reflectance: moderate to high reflectance (0.40 – 0.80). 
Internal shading:  3 types of shadings i.e. vertical, horizontal, and roller blinds. 

      Means of control: They are all manually controlled. 

4.2.2. Office building façade in Jakarta  

Nowadays explorative observations showed that many office buildings particularly in Jakarta, 
Indonesia, in order to pursue the image of modern building, use thin skin style - advanced façade 
technology - with extremely large and un-shaded glazing wall (figure 4.4). Due to this applied façade 
technology, it was observed that they still needed to cover their large window glazing with blinds for 
almost the entire days. It is hypothesized that this occupant’s behavior is forced by the problem of 
glare commonly faced by most of office buildings’ inhabitants in low latitude-tropical regions. This 
situation will be worsened by the behavior of the office occupants who are often unwilling to open 
the blinds as soon as the glare reduces in which it may lead to daylighting problems such as 
insufficiency of the interior daylight level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18 Energy Tower Building 2005 50 North-East - 80 Single reflective 4 orientations 0.30  Ma
n 

Side-lighting 

19 The East Building 2005 20 South Combined 
fins 

80 Single reflective 2 orientations 0.20 v.b. Ma
n 

Side-lighting 

20 IKPT Building 2004 15 North - 60 Single reflective 4 orientations 0.3 h.b Ma
n 

Side-lighting 

21 Grha XL 2001 12 South - 75 Single reflective 2 orientations 0.27 r.b Ma
n 

Side-lighting 

Figure  4.4  Most of office buildings currently found in Jakarta – Indonesia that have been built in glass-
dominance facades.  
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Other office buildings built in Indonesia, like some other countries in HTC, apply the thick-skin façade 
strategy. In this strategy, the priority of the façade has been set to overcome excessive heat 
problem. By making use of the potential of traditional ideas of building facades such as the exterior 
shadings and the balconies, the reinvention and redevelopment of this by means of utilizing and 
designing new idea and technology particularly for energy conservation have also been the concern 
of many Indonesian architects (figure 4.5). However, it is observed that if these are purposed for 
daylighting strategy as well, these buildings indeed need modifications. Empirical studies show that 
the problem of insufficiency of daylight level occurrs due to the use of exterior shadings (Kandar M. 
Z., et al, 2011). The shadings might obstruct the daylight entering the interior and lead to under-
lit/gloomy environment. Hence, it seems that this thick skin façade still have to be developed for 
fulfilling the daylight and visual comfort requirements purposes. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.3. Case study of office buildings 

 
4.2.3.1. Location 
The five office buildings as case study buildings were spread in some Jakarta’s business districts. 
They represented as self-standing high rise glass-dominance office buildings in Indonesia and located 
mostly in Jakarta’s city center. As commonly been built, they were variety in their shape and 
orientation which can also indirectly influence the indoor daylight and visual comfort performance of 
each building. The location of those five building in Jakarta are as the following (figure 4.6).  
 
 
 
 
 
 
 
 
 
 

Figure 4.5. The efforts for energy conservation of some modern office buildings in Indonesia. The use of 
thick-skin façade strategy such as the exterior shadings and balconies is for both purposes 
i.e. solving thermal problem as well as maintaining the idea of “tropical buildings”.  
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4.2.3.2. The five case study of office buildings in Jakarta 
 
As described in table 4.2., the first case study building is Surya Citra Television (SCTV) Tower. This 
full-glass building is located in the central part of Jakarta and was built in the year of 2000. The 
building is a multi-functional building and oriented to the west. This first Indonesia’s TV cable 
company has rented this building as a branch office building since the year of 2002. For running the 
company, the employees occupy ten floors out of twenty floors available at which the two floors are 
used for lobby, cubical managerial and meeting rooms, other two floors for control system rooms, 
three floors for studios and recording rooms, and the rests are used for general purposes and 
administration offices. Since this research is focused to an open plan space office and measures the 
performance of window glass together with their blinds, only the general office rooms in the 19th 
floor is met that requirement. Other two cannot be considered because neither has been occupied 
nor has blinds in one part of their window. Since this building has a core in one side of the building, 
the windows then are dominantly placed at the three sides of the building’s façade and oriented to 
the North, West and East of the compass directions (see table 4.2 case study no 1). 
 
The second case building is JAMSOSTEK building. This building is built by a national insurance 
company. It is located in the southern part of Jakarta. Built in the year of 2000, this building has two 
towers i.e. the north tower and the south tower. Those two towers are oriented differently, i.e. to 
the south for the northern tower and to the north for the southern tower. In this building, the 
researcher has an access to an event organizer marketing company, which has rented the part of 
11th floor of JAMSOSTEK’s North Tower building since the year of 2002. The type of office’s space is 
mostly an open-space with only three cubicle-closed rooms for managerial offices. The building is 

Figure 4.6. Location of the five case buildings in Jakarta’s city centre 

 

Case 1 

Case 2 

Case 3 

Case 5 

Case 4 
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rectangle in its shape and has a central core, so the windows were arranged at its four sides. But, 
due to division of space rented system, this office has only windows available at two adjacent sides 
of the building’s wall and the orientation of those windows are to the West and South of the 
compass direction (see table 4.2 case study no 2). 
 
Table 4.2.  The five office buildings as case studies  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Further, the third case building is Grha XL. Located in Sudirman Central Business District (SCBD), 
Kuningan-Jakarta, this building is owned by a famous Indonesia’s cellular phone operator company. 
The building is oriented to the South. In this building, the owner only occupies one floor i.e. 10th 
floor. Other floors were rented by several other companies. The owner gave permission to use that 
10th floor for this research. This building has similarity in the shape with those two above buildings, 
but it has two cores. The cores are located in two opposite sides at the width of the building. Due to 
that core position, the windows are placed in other both length sides of the building and oriented to 
the two of compass direction i.e. North and South (see table 4.2 case study no 3). 

NO. BUILDINGS PICTURE INTERIOR PLAN 

1 SCTV Tower, 19th floor. 

Senayan City, Jakarta 
Year built: 2000 
Windows’ orientations:  

North, South, East, West 

  

 

2 JAMSOSTEK Building, 
11th floor. 
Sudirman, Jakarta 
Year built: 2000 
Windows’ orientations: 

South, West 

   

3 Grha XL, 10th floor.  
SCBD, Kuningan, Jakarta 
Year built: 2001 
Windows’ orientations: 

North, South. 

  
 

4 IKPT Building, 10th floor. 
Gatot Subroto, Cawang, 
Jakarta 
Year built: 2004 
Windows’ orientations: 

North, South, East, West 

   

5 Energy Tower Building,  
30th floor. 
SCBD, Kuningan, Jakarta 
Year built: 2005 
Windows’ orientations: 

North East , North West, 

South East, South West 
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The fourth case building is the IKPT (Inti Karya Persada Teknik) building. This private engineering 
consultant has built the building in the year of 2004 and occupied this a year after it is finished in 
2005. Located in Cawang district, southern part of Jakarta, it is built as a fifteen floor building and 
has almost square in its shape. It is oriented to the North. Similar to JAMSOSTEK building, it has also 
a central core building system. Due to that building system, the windows then are placed freely 
around the perimeter and oriented to the four of compass directions i.e. North, South, East, and 
West (see table 4.2 case study no 4). The building has dominantly open-space office with some 
private-closed office rooms around the core zone. Though the owner occupied the whole building’s 
floor and space, due to the reason of security, the researcher was only given permission to do 
research in the 10th floor. 

The fifth case building is the Energy Tower building. Similar to Grha XL building, this building is 
located in Sudirman Central Business District (SCBD). It is purposed for being rented by some foreign 
energy companies. This building is a fifty floor building and was built in 2004. It is started to be 
occupied a year after. The MEDCO Company, at which the researcher has an access, has rented five 
floors. Similar to other buildings investigated, due the reason of security, the company only gave 
permission to do the research at the 30th floor. Though it has six angles, this building is 
predominantly rectangular in its shape. It is oriented to the North-East. The buildings’ core are at the 
center, the windows then are placed freely at the perimeter of the building and oriented to the 
North-East, North-West, South-East and South-West (see table 4.2 case study no 5). 
 
In sum, from the above descriptions, the five office building case studies have in common: 
1. Built in the year of 2000-2005. 
2. High rise (over ten storeys) and standalone buildings. 
3. Having no external elements (without exterior shading). 
4. Having glazing dominance façade (WWR were more than 70%). 
5. Having dominantly an open plan type of working space which is located directly next to the 

window. 
 
Meanwhile the main differences of the five case studies are: 
1. Having variety of window to wall ratio (WWR= between 70%-90%)  
2. Having two different types of window glazing i.e. single pane tinted and single pane reflective 

glasses. 
3. Having variable of window placement and orientation (the buildings have window glass 

placement either bilateral or multilateral and in variable orientations). 
4. Having variable interior elements:  

Room’s geometry (H/D): between 0.20-0.30 
Room’s reflectance (rooms’ Rav): between 0.40-0.70. 
Internal shading:  having 3 different commonly used of manually controlled shadings types i.e. 
vertical, horizontal, and roller blinds. 

       
The similarities describes the general features of the case buildings thus refers to the problem 
definition and the differences of these (particularly on the type of glazing and shading as well as 
window placement and orientation)  were used for determining BFT variable attributes considered in 
this research. 
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4.3. Office Activities in Indonesia 
With regard to daylighting level requirements for working activities, Indonesia National Standard 
(SNI) has divided these into three classifications. The classifications are based on the speed and 
accuracy requirements of certain working activities (SNI-03-2396-2001). These classifications are as 
the following:  

 Type of activity that needs very  high speed and accuracy (high concentration) and be carried out 
intensively such as  drawing with or without computer, counting, sorting, working of any detail 
works, working with computer, reading, writing by hand etc.), and thus needs good/high daylight 
level.  

 Type of activity that needs moderate speed and accuracy and be carried intensively (sedentary 
work) such as interviewing, telephoning, supervising, etc., and thus needs medium daylight level. 

 Type of activity that needs low speed and accuracy (rough work) such as receptionist, walking in 
corridor, cooking, cleaning, etc., and thus needs low-medium daylight level. 

 
It is revealed that the same as other offices in the world, the type of activities in office can be based 
on two categories. The first category is based on time used, priority, and facilities needed when 
conducting the activity. The second category is based on the composition of the occupants’ 
activities. In other words, the first category determines the quality of working and the second 
category dictates the dominant activities. Same as Gasler’s report (2008), it was also empirically 
observed that 90% of office dominant activities in Indonesia were job related activities. In addition, 
in relation to the comfort requirements, Indonesia National Standard for day lighting has mixed 
those two categories. It divided the activities into three categories of job-related activity with each 
quality should be performed as well as the light level should be provided. In respect to those three 
categories of activities, this research will use the Indonesian National Standard for daylighting 
category since this has already included the two previous categories and completely categorized 
those to a simple systematic categorization which directly refers to the standard values that should 
be fulfilled by each category.  

4.4. Daylighting and Visual Comfort Standards in Indonesia 

Unfortunately, Indonesia does not have clear and practical daylight factor standards for office 
building, particularly for high rise offices.  Indonesian National Standard has only proposed the 
design guidelines of daylighting for a very simple and general building. The only hints of the DF level 
required for certain activity is based on the working activities categories (see sub chapter 4.3 above, 
classification of working activities) that need to be illuminated differently.  
 
For the simple calculation, the standard suggests that for a very detail work in the office, the 
minimum DF in the primary measured point in the middle of the room should be 0,45d in which d is 
distance between window and the back wall. Thus, for office room with 12 m depth (the minimum 
room’s depth for open plan office) the DF level should be at least 4%. The more intense and accurate 
the work, the more daylight factor level needed and the lowest DF level for the rough work is 2% 
(SNI-03-2396-2001). However, the Indonesian National Standard also suggested referring to the 
other International standards such as IESNA and CIBSE and other international standards that close 
to the Indonesia’s geographical condition and climate. 

 
As described in sub-chapter 2.7, developed from CIBSE, Malaysia had its own daylighting standard 
(Department of Standard Malaysia, MS 1525:2007). Since the climate and the atmospheric condition 
of Indonesia are similar to that of Malaysia, that standard is proposed to be used as daylighting 
assessment in this research. The threshold of daylight factor used for office space then is minimal of 
2% and maximum of 5% (for avoiding glare and overheating). Thus, daylight factor below 2% is 
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categorized as insufficient, 2% is as categorized sufficient/preferable, and over 5% is considered as 
over lit causing glare particularly for computer work. In addition to that daylight factor standard, 
GBCI (Green Building Council of Indonesia) clearly necessitates that DF of at least 2% should be 
available in 30% of the total office area (GBCI, 2006). 
 
For the visual comfort, similar to the Malaysian standard, the Indonesian National Standard requires 
to calculate glare based on CIBSE’s glare index. Using some formulas, the glare index is 
recommended at 19 for office working in which glare control is considered very important. Other 
standard for avoiding glare caused by an intense contrast among surfaces is also recommended. The 
contrast should not fall above 1:40, particularly between the task and the window glass. 

 
In summary, the standard to evaluate office daylight environment using daylight factor indicator in 
Indonesia require a daylight factor of at least 2% on the low quality of work  and maximum DF of 5 % 
for medium and high level quality of work. Since the geographical and atmospheric situation and 
condition are much more similar to Indonesia, that Malaysian standard is proposed to be the 
practical daylighting standard used in this research. Following the GBCI, other performance 
requirements is that DF level required for the work should be at least performed in 30% of the total 
working area.  
The visual comfort calculations for working activities in offices are suggested using both CIBSE’s glare 
index with the standard value of 19 and CIBSE luminance contrast standard i.e. 1:40. 

4.5. Analysis and Conclusions  

Findings describe the contexts i.e. the climate and norms/rules/standards are available that might 
set specific aspects influencing the office activities. These particularities, as Engestrom (1999) and 
Leont’ev (1978) argued in their Activity Theory (AT), will influence the subject (i.e. the users) to have 
their motives/goal in doing their activities, and thus affect the tools (i.e. the building façade) that 
should be provided. In this research, climate characteristic and standards available are evaluated in 
order to see particularities of the office worker’s working activities. 
 
Extensive literatures study reveals that particular characteristic of humid tropics climate in Indonesia 
contributes to partly cloudy and overcast sky type. This type of sky leads to high sky luminance and 
high horizontal surface illuminance in which it can create dual problems, such as indoor space 
excessive illumination and glare. These problems might occur if these are not properly controlled by 
the building’s façade. On the other hand, as experienced also by other countries in this type of 
climate, due to the sun-path, all cities in Indonesia experience long sunshine duration. This is 
beneficial aspect of daylight availability that should be made use to achieve sustainable comfort 
working. In these climate facts, empirical data collected from Jakarta’s municipality office showed 
that most recent office buildings in Jakarta-Indonesia are designed in thin-skin façade classification 
in which they built technologically in considerably advanced glass dominance façade for entering as 
much daylight, and use interior shadings as devices for controlling both daylight and glare. It can be 
said that the strategy of this type of façade to modify the ambient climate relies mainly on the 
façade technology itself i.e. wall and window technology (Hyde, 2001). Appropriate choosing of and 
optimization of façade’s material and technology hence, is needed. Fail to do this will contribute to 
detrimental indoor visual performance. Thus, this research questions the current applied thin-skin 
façade technology whether it is appropriately applied for OBF in HTC. 
 
In Indonesia’s office buildings, working activities carried out commonly are classified into three 
categories i.e. detail working activities, sedentary work and rough work. These types of activities are 
explicitly written in Indonesian National Standard and use for calculating daylight level and visual 
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comfort standard for office working activities (SNI-03-2396-2001). In compliment to that, the 
Indonesian standard suggests also to use other related international standards. Other Indonesian 
standard covers the type of office activity is the Green Building Council of Indonesia (GBCI) standard. 
The weakness of GBCI standard however, it does not classify the activities into several types of 
working activities. It only defines office activities as general working activities.  
 
In accordance with the international standards, Indonesian National Standard (SNI-03-2396-2001) 
requires that each classification of activity has its standard requirements. It determines the DF level 
of minimum 2% for the rough work for room that has room’s depth of 12 m, and the standard 
increases (without any exact standard values) as the work getting intense and detail. For glare 
calculation, the Indonesian standard set the CIBSE’s glare index of 19 and contrast luminance among 
the surfaces of 1:40 is the required standard. Other international standards, such as IESNA and CIBSE 
and other countries that have similar activities characteristics and climate with Indonesia are also 
suggested to be considered as compliments to the Indonesian National Standard (SNI). The closest 
related standard to Indonesia can be used also as a compliment to the Indonesian standard is the 
Malaysian standard. In the Malaysian standard the range of acceptable DF factor for office job-
related works is vivid i.e. minimum DF factor is 2% for paper based task while maximum DF factor of 
5% for computer work. It is based on a consideration that the available international lighting 
standard is too high since the standard was adapted from the electric lighting standards and studied 
under temperate-climate. The daylighting may give better tolerance (Kandar et al, 2011). Hence, this 
Malaysian standard can be refereed as appropriate and considerable comprehensive since it refers 
also to some international standards that have been modified so that it is fit to be used in Humid 
Tropics countries. Besides this standards, Green Building Council of Indonesia (GBCI) requires 
minimum 2% of DF level for general office work that should be available at least 30% of the working 
total area. However, these all standards have not become a regulation or obligation. This fact might 
contribute to the design of OBF as they are currently applied.  
 
It is to conclude that Hot Humid Tropic climate has characteristic of high sky luminance as well as 
high surface illuminance. If buildings’ facades in this climate are not properly designed, the problems 
that might occur are improper indoor space’s illumination and glare.  In this climate characteristic, 
for higher productivity, all type of office working activities have to be carried out in visually 
comfortable ways (free from insufficient daylight level and glare) by fulfilling certain standards 
requirements. Further, empirical study had found that the thin-skin office façade type built in glass 
dominance window, which is initially designed for thermal purposes and developed for daylighting in 
temperate climate, had been applied in mostly modern office buildings in Jakarta-Indonesia. This 
research then, questions this façade technology whether this is appropriate to be used in humid 
tropics climate.   
 
Available standard for evaluating daylighting and visual comfort in Indonesia, despite the Indonesian 
National standard, is the Green Building Council Standard. However these standards still limited. The 
guidance in SNI only covers the minimum daylight intensity and glare index and luminance ratio for  
paper work, modern office facilities such computers has not been considered. Hence, it is advisable to 
be complimented with the Malaysian standard which has been modified to be appropriate for 
modern office activity requirements and with the humid tropic climate particularly for the range of 
acceptable daylight intensity. The IES’ luminance value and ratio for office work can be adapted for 
calculating visual comfort since it covers calculation of several surfaces luminance as particular glare 
source as defined through the users’ activity requirements. Further, it is assumed that the result of 
impractical and incomplete daylighting and visual comfort standards for office working activities 
requirements as well as scarce studies on the impact of this thin-skin type of building’s façade might 
result in the OBF built in Indonesia as they are now. This research then will contribute insights on 
these. 
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PART TWO: CHAPTER 5 
Users Requirements for Functionality and Adaptability of OBF  
In terms of Daylighting and Visual Comfort  

 

5. Introduction 
The chapter describes the results of the analysis of the 
users’ requirements. The method for gathering the 
data was by using survey questionnaire and it was 
distributed to the total of 252 respondents who work 
in five office buildings cases. The purpose of this stage 
is to gain insight on the facts of the facades’ 
functionality and adaptability requirements based on 
the users’ working activities and visual comfort 
requirements. To gain the data, the questionnaire was 
comprised into two parts in which they indicated firstly 
what, how, when, and where the facts regarding 
working activities and their working-space; secondly it 
indicated what and when regarding daylight and glare 

facts in relation to their working activities. Statistical analysis of frequency distribution was used to 
identify the majority facts of those requirements. These results will be used to set the facades’ terms 
of reference based on these facts of the users’ requirements.  

 

5.1.  Survey Results: Users’ Requirements 
As described in chapter three, the questionnaire regarding the users’ requirements is divided into 
two parts. This section discusses the results of the facts, first is facts regarding the users’ major 
working activities (i.e. working activity types and the particular time they usually carry out the 
activities); and their physical working space requirements (i.e. their sitting location in the room and 
relative working plan orientation to the window). Secondly it revealed the facts regarding daylight 
intensity and glare avoidance requirements in relation to the users’ working activity. The analyses of 
these results are mainly in the form of descriptive statistical analysis i.e. average and frequency 
distribution. Below are the results of the analysis of each case building. 

  

5.1.1. SCTV Tower building:  users’ activity, working space, and visual performance 
requirements 

 
 
 

 

Figure. 5.1.SCTV’s office working-space layout (left); and daily working activity using computer (right). 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  

Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

69 
 

Survey questionnaire results of SCTV Tower building 19th floor are obtained from 38 respondents.  
The layout of the working space and working activity are depicted in figure 5.1 (left and right 
respectively). The layout and the arrangement of the working table were designed in particular for 
supporting collaborative work in small groups.  As the particular purpose and in respond to the 
window, the working tables were positioned circular in groups. As the consequence, the working 
tables were oriented to all direction to the three major large windows. All of these made the 
workers had a potential to sit facing to the window.  For making use of the space and daylight, the 
working tables were placed at two zones i.e. at the window’s perimeter zone, and zone about 6 
meters away from the window. These zones were the active zones whereas the passive space was 
paced among these groups of tables.  
 
Figure 5.2 presents the statistical descriptive result of the users’ working activity and their working 
space requirements. It is indicated that the majority (50%) of the users’ activities in the office were 
kind of occupations that required high speed and accuracy (detail work activities) and carried out not 
intensively. The types of works of this category were working with computer, reading, writing by 
hand, filling, and conducting meeting or conference. Second rank (47%) was type of work that 
required high speed and high accuracy (detail work activity) and carried out intensively. These types 
of work were counting, drawing with and without computers.  The rests (3%) were type of works 
that required moderate speed and accuracy such as telephoning, interviewing, supervising, etc. 
None of the respondents had type of works that required low speed and accuracy such as cleaning, 
cooking, and other kind of work type. In doing these works, the majority (76%) of respondents 
carried out their works in the whole working hours (between 8 AM – 5 PM).  
 
Further, regarding the users’ sitting position and orientation, due to its rectangle plan with medium 
ratio of H/D (0.28), almost all the respondents sat in A zone with the majority (74%) worked at 
Northern part of A zones (0-6 meters from the window), while others (16% and 11%) worked at 
western and eastern part of A zones respectively. None of the respondents sat at 6 meters away 
from the window. At their working space, the majority of workers (41%) had their working plane 
orientation facing to the nearest window. Others (21%, 18%, and 4%) had their work plans against 
parallel and against the nearest windows respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding the visual requirements, figure 5.3 illustrates that majority (84%) of the respondents 
required daylighting while they were working. Major reasons for that were: first for saving energy 
(28%),: second for working motivation (22%). Further, regarding the time needed, the majority of 

Figure 5.2.Frequency distribution of respondents’ 
working activities and their working 
space requirements. 

 

Figure 5.3.   Frequency distribution of daylight and glare avoidance 
requirements. 
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respondents (42%) urged that sufficient daylighting should be available at the whole working time (8 
AM – 5PM), while 28% of the respondents stated that sufficient daylight should be available in the 
morning (8 AM-12 AM). It proved that sufficient daylighting should be available at most of working 
time, and because daylighting might be associated also with heat coming to the room, those 30% of 
the respondents preferred to have the required daylighting in the morning. 
 
The figure also illustrates the requirements for controlling the glare according to SCTV’s workers. 
When the blinds were opened, 52% of them felt disturbed by the glare, while 48% did not. According 
to the workers who experienced glare, 50% of them said that the glare mostly came from the sun 
path received in the field of view, while 30% of the workers asserted that the glare was mostly came 
from the sky. Regarding critical times and months should be taken into account when designing 
device for eliminating the glare, 39% of the workers informed that the disturbing glare should be 
avoided at noon time (1PM-5PM) and in month of March-May (15%) and the same percentage of the 
workers (15%) indicated other months i.e. dry season months in which it mostly occurred on June-
October (figure 5.3). This inferred that glare must be avoided due to the low altitude of the sun in 
noon time and during the dry months when the sky is fully overcast and bright. 
 
In sum, in SCTV building, the majority of activity and the work-space requirements are: 

 Type of work of the users was job related activity i.e. those works that need high speed and 
accuracy (detailed works) such as drawing and counting with computer, and was carried out not 
intensively. 

 The activity was carried out at the whole working time (8AM – 5PM) and in the area of mostly at 
the A zone (in the window’s perimeter with 0-6 m distance from window).  

 From the layout as well as the questionnaire, it is revealed that due to the 3 sides of window 
placements, the direction of the work tables were mostly placed facing in several directions to 
the window. It made the majority of users worked in facing direction position to the window. 

 The workers mostly experienced glare from the window, particularly from the sun path received 
in their field of view.  

 Disturbing glare needs to be avoided particularly at noon time (1PM-5PM) in the dry season 
months (June – October). 

 

5.1.2. Jamsostek building:  users’ activity, working space, and visual performance 
requirements 
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Survey questionnaire results of Jamsostek building 11th floor is obtained from 33 respondents. The 
layout of the working space and working activity are depicted in figure 5.4 (left and right 
respectively). Figure 5.4 shows that the working area had L-shape space, but the open space working 
area was influenced by a major large west-window. In respond to this, the working tables were 
placed parallel, facing, and against the window. The active working area was placed at two zones i.e. 
at window perimeter and at the deep of the room (about 6 meters away from the window); whereas 
the major passive zone for circulation was placed between these two zones. 
 
Figure 5.5 presents the statistical descriptive result of the users’ working activity and their working 
space requirements. The results of survey questionnaire show that the majority of the JAMSOSTEK 
respondents’ activities (54%) were kind of occupations that required high speed and accuracy 
(detailed works) and usually were carried out not intensively. The types of works of this category 
were drawing and counting with computer. Second rank (30%) was types of works that required high 
speed and high accuracy (detailed works) but carried out intensively such as counting, drawing with 
and without computers.  The rests (11%) were type of works that required moderate speed and 
accuracy such as telephoning, interviewing, supervising, etc. Others (5%) were type of works that 
required low speed and accuracy such as cleaning, cooking, and other kind of work types. In doing 
those works, the majority (71%) of respondents carried out their work in the morning to the evening 
(between 8 AM – 5 PM) (figure 5.5). 

 
Further, regarding the physical working space requirements, the majority of the respondents (51%) 
in this building worked at B zones (6 meters away from the window), while others (49%) worked at A 
zones (0-6 meters from the window). From those who sat at A zones, 40% sat at western part of A 
zones and 9% at the southern part of A zones. At their working space, the majority of workers (49%) 
had their working plane orientation against the nearest window. Others (28%, 20%, and 2%) had 
their work plans facing, parallel and both parallel and against the nearest windows respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding visual performance, figure 5.6 shows that majority of the respondents (68%) required 
daylighting while they were working. Major reasons for using daylighting while working were first for 
energy saving, secondly for weather awareness, thirdly for work motivation and for relaxation. 
Further, the majority of respondents (42%) urged that sufficient daylighting should be available at 
the whole working time (8 AM – 5PM), while 30% of the respondents stated that sufficient daylight 
should be available in the morning (8 AM-12 AM) or sufficient daylight level should be available at 

Figure 5.5 Frequency distribution of respondents’ 

working activities and working space 
requirements. 

 

Figure 5.6 Frequency distribution of day-lighting 
and glare avoidance requirements 
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the whole working time. It might due to cool daylight, 30% of the respondents preferred to have the 
required daylighting in the morning. 
 
Figure 5.6 also illustrates the requirements for glare avoidance according to Jamsostek’s workers. 
When the blinds were opened, 70% of them were always disturbed by the glare, while 30% were 
not. According to the workers who experience the glare, 40% of them said that the glare mostly 
came from the bright sky and from the veiling reflection. In respect to critical time and month should 
be taken into account when designing devices for adapted facade, 54% of the workers informed that 
the disturbing glare should be avoided at noon time (1PM-5PM) and in months of June-October 
(15%). This inferred that glare must be avoided due to the high altitude of the sun (in the noon time) 
and when the sky is bright i.e. in the dry season. 
 

It can be summarized from the survey results above, the JAMSOSTEK’s users’ activity and work-place 
requirements as well as requirement regarding visual performance and comfort initially had in 
common: 

 Type of work of the users was job related activity i.e. those with high speed and accuracy (detail 
works) and using computer facility. The activity was carried out at the whole working time (8AM 
– 5PM) and in the area of mostly at the B zone (more than 6 m away from the window).  

 From the Jamsostek’s layout as well as the questionnaire, it revealed that due to the L shapes (2 
sides) of window placements, the direction of the work tables were mostly and potentially placed 
parallel to the major one side of windows. 

 The workers were mostly experience glare from the window, particularly from the bright sky 
received in their field of view.  

 Disturbing glare was required to be avoided particularly at noon time (1PM-5PM) in the dry 
season months (June – October). 
 
 

5.1.3. Grha XL building:  users’ activity, working space, and visual performance 
requirements 

 

Survey questionnaire results at Grha XL building 10th floor is obtained from 52 respondents. The 
layout of the working space and working activity are depicted in figure 5.7 (left and right 
respectively). The working table layout was designed in respond to both the rectangular space-shape 
and the two sides of the major large windows. In order to avoid glare, the tables were mostly placed 
parallel to the window. The major active space for working activity was placed in both the middle of 
the space zone and at window perimeter, while the passive zone for circulation was placed between 
the active zones. 
 
 
 
 
 
 
 
 
 
 
 
 

  

Figure 5.7.  Grha XL’s office working-space layout (left); and daily working activity using computer and paper (right). 
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Figure 5.8 illustrates that the majority of the respondents’ activities (54%) were kind of occupations 
that required high speed and accuracy (detailed works) and usually were carried out not intensively. 
The types of works of this category were writing and counting with computer. Second rank (26%) 
was types of works that required high speed and high accuracy (detailed works) and were carried 
out intensively such as counting, drawing with and without computers. The rests (12%) were type of 
works that required moderate speed and accuracy such as telephoning, interviewing, supervising, 
etc. In doing those works, the majority (74%) of respondents carried out their work in the morning to 
the evening (between 8 AM – 5 PM). 

 
Further, regarding the physical working space characteristics, the majority of the respondents (45%) 
in this building worked at northern B zones and 38% worked at southern B zone(6 meters and more 
from the window), while others (8%) worked at both northern and southern A zones (0-3 meters 
from the window). At their working space, the majority of workers (32%, 30% and 22%) had their 
working plane orientation parallel, facing, and against respectively to the nearest window.  
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Concerning daylight and glare avoidance requirements, figure 5.9 depicts that the majority of 
respondents (52%), due to cool daylight, urged that sufficient daylighting should be available in the 
morning (8 AM – 12AM), while 28% of the respondents stated that sufficient daylight should be 
available in the whole working hours (8 AM-17 PM).  

 

This figure also illustrates the requirements for controlling the glare according to Grha XL’s workers. 
When the blinds were opened, 50% of them were always disturbed by the glare, while 46% were 
not. According to the workers who experience glare, 35% of them said that the glare was mostly 
come from the sun path received in field of view. In respect to the critical time and month should be 
taken into account when designing devices for adapted facade, 52% of the workers informed that 
the disturbing glare should be avoided at noon time (1PM-5PM). Though 65% of the respondents did 
not mention the exact months of glare occurrence, 18% of them indicated that the glare mostly 
occurred in months of June-August. This inferred that glare must be avoided due to the high altitude 
of the sun (in the noon time) and when the sky is bright i.e. in the dry season (figure 5.9.). 
 
In sum, in Grha XL building, the majority of activity and the work-space requirements: 

 Type of work of the users was job related activity i.e. those with high speed and accuracy 
(detailed works) such as writing and counting with computer; and was carried out not intensively.  

 

Figure  5.8  Frequency distribution of respondents’ 
working activities and working space 
Requirements. 

Figure 5.9 Frequency distribution of day-lighting 

and glare avoidance requirements 
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 The activity was carried out at the whole working time (8AM – 5PM) and in the area of mostly at 
the B zone (6 m in distance away from window). 

 From the layout as well as the questionnaire, it revealed that due to the 2 sides of the window 
placements, the direction of the work tables were mostly parallel to the window. 

 The workers mostly experience glare from the window, particularly from the sun path received in 
their field of view.  

 Disturbing glare needs to be avoided particularly at noon time (1PM-5PM) in the dry season (June 
– October). 
 

5.1.4. IKPT building:  users’ activity, working space, and visual performance requirements 
 
Survey questionnaire results at IKPT Tower building 10th floor is obtained from 53 respondents. The 
layout of the working space and working activity are depicted in figure 5.10 (left and right 
respectively). As it is almost square in building’s shape, the windows are placed around 4 sides. Most 
workers worked in this window’s perimeter space and sit facing against and parallel to the window.  
For avoiding the glare and over-lit intensity, the workers adjusted the venetian blinds. In doing the 
activity, the workers used mainly the computers and also papers. 
 

 
 
Figure 5.11 depicts that the majority of the respondents’ activities (83%) were kind of occupations 
that required high speed and accuracy and usually were carried out intensively. The types of works 
of this category were drawing, working with/without computer, counting, sorting and detail works. 
Second rank (17%) was types of works that required high speed and high accuracy and were carried 
out not intensively such as working with computer, reading, writing by hand, filling, and conducting 
meeting or conference.  In doing those works, the majority (75%) of respondents carried out their 
work in the morning to the evening (between 8 AM – 5 PM). 

 
Further, regarding the physical working space requirements, the majority of the respondents (93%) 
in this building worked at A zones, while others (8%) worked at B zones. From those sat at A zones, 
8% sat at the northern part, 25% sat at the southern part, and others sat in both eastern part (30%) 
and western part (30%) of A zone. At their working space, the majority of workers (26%, 23% and 
23%) had their working plane orientation facing, against, and both against and parallel respectively 
to the nearest window. Others (17%) had their work plans parallel to the nearest windows (fig 5.11). 
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Concerning the requirement for daylight sufficiency, figure 5.12 depicts that the majority of 
respondents (42%) urged that sufficient daylighting should be available in the morning (8 AM-12 
AM), while the second rank of respondents (30%) stated that the daylight should be available at the 
whole working hours (8AM-17PM). It proved that due to cool daylight, sufficient daylighting should 
be available mostly in the morning time.  Figure 5.12 also illustrates the requirements for controlling 
the glare according to IKPT’s workers. When the blinds were opened, 68% of them were always 
disturbed by the glare, while 22% were not. According to the workers who experience the glare, 38% 
of them said that the glare mostly came from the bright sky received in field of view. Regarding 
critical time and month should be taken into account when designing devices for eliminating the 
glare, 46% of the workers informed that the disturbing glare should be avoided at  noon time (1PM-
5PM) and in months of June-August (42%). This inferred that glare must be avoided due to the high 
altitude of the sun (in the noon time) and when the sky is bright i.e. in the dry season (fig 5.24). 
 
It can be summarized from the survey results above, the IKPT users’ activity and working place 
requirements, as well as requirements regarding visual performance and comfort initially had in 
common: 

 Type of work of the users was job related activity i.e. those works that need high speed and 
accuracy (detailed works) such as drawing and counting with computer, and was carried out 
intensively. 

 The activity was carried out at the whole working time (8AM – 5PM) and in the area of mostly at 
the A zone (0-6 m in distance).  

 From the layout as well as the questionnaire, it revealed that due to the 4 sides of window 
placements, the direction of the work tables were mostly and potentially placed facing and 
parallel to the window. It made the majority of the users worked in facing direction position to 
the window. 

 The workers mostly experienced the glare from the window, particularly from the bright sky 
received in their field of view.  

 The disturbing glare needs to be avoided particularly at noon time (1PM-5PM) in dry season 
months (June – October). 

 
 

 

Figure  5.11 Frequency distribution of respondents’ 
working activities and working space 
requirements. 

Figure 5.12  Frequency distribution of day-lighting and glare 

avoidance requirements 

 

 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  

Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

76 
 

5.1.5. Energy Tower building:  users’ activity, working space, and visual performance 
requirements 

 
Survey questionnaire results at Energy Tower building 30th floor was obtained from 76 respondents.  
The layout of the working space and working activity are depicted in figure 5.13 (left and right 
respectively). The layout of the working table was designed in particular to avoid glare problem. 
Concurrently, the working tables were positioned mostly parallel to the two major large windows. 
For making use of the space and daylight, the working tables were placed at two zones i.e. at the 
window’s perimeter zone, and zone about 6 meters away from the window. These zones were the 
active zones whereas between these two zones, the passive space was paced and used as the 
circulation zone. 
 

 
 
In the first part and based on figure 5.14 below, the majority of the respondents’ activities (68%) 
were kind of occupations that required high speed and accuracy and usually were carried out not 
intensively. The types of works of this category were working with computer, reading, writing by 
hand, filling, and conducting meeting or conference. Second rank (25%) was types of works that 
required high speed and high accuracy and were carried out intensively such as counting, drawing 
with and without computers, detail works type.  In doing those works, the majority (75%) of 
respondents carried out their work in the morning to the evening (between 8 AM – 5 PM).   

 
Further, regarding the physical working space characteristics, the majority of the respondents (62%) 
in this building worked at B zone (6 meters and more from the window), while others (20%) worked 
at A zone (0-3 meters from the window). From those sit at A zone, 22% sit at northern part, 20% at 
southern part, 2% at eastern part, and 10% at western part of this zone. At their working space, the 
majority of workers (52%, 20% and 10%) had their working plane orientation parallel, facing, and 
against respectively to the nearest window. Others (10%) had their work plans combination sitting 
position against and parallel to the nearest windows. 
 
Regarding the requirement for daylight sufficiency, figure 5.15 depicts that the majority of 
respondents (40%) urged that sufficient daylighting should be available in the morning, while 38% of 
the respondents stated that sufficient daylight should be available at the whole working hours. It 
proved that sufficient daylighting should be available at most of working time, and because 
daylighting might be associated also with heat coming to the room, some of the respondents 
preferred to have the required daylighting in the morning.  Figure 5.15 also illustrates the 
requirements for controlling the glare according to Energy Towers’ workers. When the blinds were 
opened, 68% of them were always disturbed by glare, while 22% were not. According to the workers 
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who experience the glare, 38% of them said that the glare mostly came from the bright sky received 
in field of view. Critical time and month should be taken into account when designing devices for 
eliminating the glare, 46% of the workers informed that the disturbing glare should be avoided at  
noon time (1PM-5PM) and in months of June-August (18%). This inferred that glare must be avoided 
due to the high altitude of the sun (in the noon time) and when the sky is bright i.e. in the dry season 
(fig 5.15). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It can be summarized from the survey results above, the Energy Tower’s workers activity and 
working space requirements, as well as requirements regarding visual performance and comfort 
have initially in common are: 

 The majority type of work of the users was job related activity i.e. those with high speed and 
accuracy (detailed works) such as writing and counting with computer and was carried out not 
intensively.  

 The activity was carried out at the whole working time (8AM – 5PM) and in the area of mostly at 
the B zone (6 m in distance away from window).  

 From the layout as well as the questionnaire, similar to IKPT building, it revealed that due to the 4 
sides of the window placements, the direction of the work tables were potentially placed facing 
and parallel to the window.  

 The workers mostly experienced the glare from the window, particularly from the sun-path 
received in their field of view.  

 The disturbing glare needs to be avoided particularly at noon time (1PM-5PM) in the dry season 
months (June – October). 
 

5.2.  Analysis and Conclusions 

This section describes the majority of office activity done in Jakarta’s office building. It answers the 
questions of what type of activity, and how, where, and when the activity is carried out. As Leont’ev 
(1979) and Engestrom (1999) argued in their activity theory that the users’ activities will determine 
the building technology required. For this research, the users’ activity will determine the terms of 
reference of building’s façade required. 
 

Findings regarding users’ requirements can be summarized as the following: 

 

 

Figure 5.15.   Frequency distribution of day-lighting and 

glare avoidance requirements 
 

 

Figure 5.14.   Frequency distribution of respondents’ 
working activities and working space 
requirements.  
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5.2.1. Working activities and space requirements 

From table 5.1, it can be indicated that as modern offices, major type of working activities at all five 
case building were kind of detail working type such as drawing, and counting. They conducted their 
activities mostly using computer and paper at the whole working hours. In doing their working 
activity, almost all respondents occupied the two zones (i.e. A and B zones as indicated in the layout) 
which are in the area of 0-6 meters from the window. Further, among 4 sitting orientation, the 
majority of respondents sat in parallel to the window sitting positions. 
 
Table 5.1 Summary of majority working activities and space requirements 

No Buildings Type of 
Working 

Facility Working 
Time 

Sitting Positions Working Orientation 

Respondents Layout 
drawing 

Respon-
dents 

Layout 
drawing 

1. SCTV drawing, 

counting 

Computer, 

paper. 

08.00-

17.00 

A zones A & B Facing All 

2. Jamsostek drawing, 

writing 

Computer, 

paper. 

08.00-

17.00 

B zones A & B Parallel All 

3. Grha XL writing, 

counting 

Computer, 

paper. 

08.00-

17.00 

B zones A & B Parallel Parallel 

4. IKPT Drawing, 

counting 

Computer, 

paper. 

08.00-

17.00 

A zones A & B Parallel Parallel 

5. Energy 
Tower 

writing, 

counting 

Computer, 

paper. 

08.00-

17.00 

B zones A & B Parallel Parallel 

 

The research results found that in Indonesia, the major working activities carried out in the office 
were:  
(1) Type of activity: detailed working types such drawing and counting (working type that needs high 

accuracy and concentration);  
(2) Conducted intensively at the whole working hours (duration and speed of activities 

requirements);  
(3) Conducted by using mainly computers, as well as papers (facilities needed);  
(4) Carried out in an open-plane space (location); and   
(5) Mostly, carried out in certain determined working table; and by sitting parallel to the window 

(position).  
 
So that the primary purpose of an office building is to provide a workplace and working environment 
primarily for administrative and managerial workers. As seen from the findings, a workplace and 
working environment requirements of offices in Indonesia can be categorized as modern office 
requirements. In light of this, Gensler (2008) argued that in a modern office working environment, 
the working activity agenda of an office employee is a basic system of different types of activities, 
which occur at various locations and at certain duration.  An employee not only performs a rather 
large number of activities during a working day; his activities might also differ from day-to-day in 
terms of the order of activities and their timing (i.e. duration and start/end time). Some activities will 
be performed repeatedly and intensively during a day, others will be performed only once in a 
couple of days, weeks or even months (e.g. have a meeting or interviewing). Through a 
comprehensive study on modern office activity, Gensler concluded that almost all of the employee’s 
time in a modern office is used for conducting their job related task which involves high 
concentration and attention (Gensler, 2008). He insisted that for any research on office environment 
should be based on the job-related activities, so that office’s physical artifacts such as offices’ work-
place and building can be used effectively.  
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Hence, the OBF in Indonesia building should be designed to support the job-related activities 
requirements, as revealed by the findings i.e. type of detail working activities, which occur in an open 
office space with mainly parallel position of sitting and in window-perimeter location, and carried out 
mainly by computers and paper in the whole working hours. 
 
Not only those physical requirements, in supporting job-related type of activity Raymond and 
Cunliffe (1977) argued that for comfort working environment of a modern office, other important 
technical requirements such as lighting should be considered as a consequence to support users’ 
comfort working. So that, the façade technology in Indonesia should not only support the physical 
needs but also the technical needs as a consequence of the physical aspects requirements for 
working activity. The technical needs such as daylighting and visual comfort in the office are mostly 
assessed and evaluated based on three activity classifications; they are sedentary, moderate and 
detail works (Raymond and Cunliffe, 1977; Iwata et al, 1992; Osterhaus W, 1998). These types of 
activities are also broadly used in all the standards, such as used in Indonesian National standard and 
other international standard (SNI-03-2396-2001; IES, 1993). So that, the determination of the 
majority type of activity done in an office will harness directly to the daylighting standard 
requirements. Other than that, the location and position of working will also determine the visual 
comfort standard (IES, 1993; Raymond and Cunliffe, 1977; Iwata et al, 1992; Osterhaus W, 1998).  

 

5.2.2. Daylighting and glare  avoidance requirements 

Table 5.2 shows that the majority of respondents stated that saving energy and relaxation were the 
main reasons for the need for daylighting in their working activity. The table also shows that the 
time required for allowing daylight was from 08.00-17.00. This means that the daylight should be 
available in whole working hours. For glare avoidance requirements, critical time needed for 
avoiding glare was at noon time, particularly in the dry seasons when the sky was very bright. Finally, 
the majority of respondents asserted that the major source of glare was the window since through 
this the direct sun-path and bright sky were captured in users’ field of view. 
 

Table 5.2.  Summary of majority daylighting and glare avoidance requirements 

N
o 

Buildings Requirements for 
daylighting 

Requirements for glare control 

necessity time Time source of glare 
1 SCTV Yes 08.00-17.00 Noon, dry season From window: sun-path 

2 Jamsostek Yes 08.00-17.00 Noon, dry season From window: bright sky 

3 Grha XL Yes 08.00-12.00 Noon, dry season From window: sun-path 

4 IKPT Yes 08.00-12.00 Noon, dry season From window: bright sky  

5 Energy Tower Yes 08.00-17.00 Noon, dry season From window: sun-path  

 

 

5.2.3. Terms of Reference of OBF  

In general, these criteria of building facade technology appropriate to requirements are accordingly 
should fulfill the following facts: 
 
1. For functionality requirements: 

 The taxonomy and priority of working activities of the office workers were job related 
activities which were carried out mostly intensively for the whole of working hours; the 
facade should provide sufficient daylight level for that category of activity. 
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 Most of working tables were placed 0-6 m (close in distance) to the window, the problem 
that might occur is over-lit visual environment for workers who sat in that distance from the 
window (at window perimeter). The facade should overcome this situation. 

 For working area at the deep of the room, problem might occur is under-lit situation. The 
facade then has to resolve this daylight level insufficiency particularly for the space at the 
distance of 6 m away from the window.  

 The sufficiency of daylight intensity of all area of working should be available at the whole 
working hours, thus the facade technology should be a device that can serve daylight 
sufficiency within at least 0-6 m from the window and during whole working hours. 
 

2.  For adaptability requirements: 

 Since the majority of working tables were placed 0-6 m in distance to the window and the 
sitting orientations were mostly facing and parallel to the window, the problem that might 
occur were both over lit (of daylight intensity) and the glare. So that, the adaptable facade 
(i.e. interior blinds) has dual tasks i.e. to maintain sufficient daylight intensity at least at this 
majority of sitting position, as well as to eliminate the glare due to the majority of possibility 
of sitting orientation (i.e. facing and parallel to the window). 

 The facade technology particularly the blinds have to become an adaptable device that can 
overcome the glare that particularly comes from the windows (i.e. from the sun path and 
bright sky received in the workers’ field of view). And that facade should serve for that 
requirement particularly at noon time (1PM-5PM) and during the dry season months (May – 
October).  

 

5.2.4. Standards requirements 

5.2.4.1. Functionality of OBF 
As indicated by the term of reference above, standards below are used for evaluating the 
functionality of the OBF as required. The daylight factor and luminance values are employed to 
evaluate the daylight presence and to describe how much daylight illuminates and provides 
brightness of the room. The former is for indicating sufficiency of light for working requirement; the 
latter is for indicating the potential of room’s surfaces due to daylight illumination to become 
sources of glare (Szokolay, 2003; Guwosky, 2000).  
 
The DF standard requirement is for job related activities which were carried out mostly intensively 
for the whole of working hours. Over-lit particularly at the area of 0-6 m from the window, and 
under-lit at the deep area of the room should be avoided. For working area at the deep of the room, 
problem might occur is under-lit situation. The sufficiency of daylight intensity of the area of working 
(minimum 30% of the area) and should be available at the whole working hours and penetrates to 
minimum 5m from the window. Summary of the standard required is as the following: 
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Table 5.3 Performance indicators considered and interpretation as a function of data obtained for evaluating 
the functionality of the facade 

No. Performance Indicator and interpretation 

1. DAYLIGHT FACTOR  
(adopted from CIBSE’s lighting guide 10 (LG10-1999) and Malaysia’s standard (MS 1525:2007)) 

 DF< 2% 
2%≤DF ≤5% 
 
 
>5% 
Average of 2% 

Not adequately lit – too dark for paper and computer work. 
Well/adequately lit – sufficient for both paper (sedentary) and 
computer (detail) works. Maximal DF of 5% is required for avoiding 
glare for these two types of work. 
Over-lit – causing glare for both paper and computer works. 
Other standard used is an average of 2 % should be maintained. 

Note:   GBCI (Green Building Council of Indonesia) have added the standard with the requirement of 
minimum percentage (i.e. 30%) of total working area should fulfill those performances. 

2. DAYLIGHT Penetration (Szokolay, 2003; Guwosky, 2000)  

 Minimum 2% of DF should 
reach working planes 
that have two times 
the window height in 
distance from the 
window perimeter. 

Well/adequately lit – artificial lighting generally not required except at 
dawn and dusk  

 

 
The performance indicator of the average luminance values of the surfaces across the room as 
indicated in chapter 2, the required rooms’ brightness for offices are  

 >500 cd/m2,  which means that the room surface is unacceptably bright (too bright) 

 <30 cd/m2,  which means that the room surface is unacceptably dark (too dark) 
 

5.2.4.2. Adaptability of OBF 
 

As the goal is to evaluate whether the blinds use have met the users’ requirements as a control 
device in order to achieve their visual performance and comfort, the analysis of the adaptability of 
the facade focused on whether the blinds’ tilts and occlusion system accommodate the daylight 
intensity level as well as luminance ratio at the same time, in certain major sitting orientation and at 
certain critical times as required by users. For glare avoidance in particular, the blinds should 
become devices that can block the direct sun-path and bright sky seeing from the window. The 
standard parameters of Daylight Factor and Luminance Ratio for these working activity requirements 
as indicated by the terms of reference are:  
 
Table 5.4 Performance indicators considered and interpretation as a function of data obtained for evaluating 

the adaptability of the facade 

No. Performance Indicator and interpretation 

1. DAYLIGHT FACTOR (similar to that for the functionality performance indicator). 

 DF< 2% 
2%≤DF ≤5% 
 
 
>5% 
Average of 2% 

Not adequately lit – too dark for paper and computer work. 
Adequately lit – sufficient for both paper (sedentary) and computer (detail) 
works. Maximal DF of 5% is required for avoiding glare  for these two types 
of work 
Over lit – too bright and causing glare for both paper and computer works. 
Other standard used is an average of 2 % should be maintained. 

Note:   GBCI (Green Building Council of Indonesia) have added the standard with the requirement of 
minimum percentage (i.e. 30%) of total working area should fulfill those performances.  
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2. LUMINANCE RATIO 

  

For the surfaces ratios within a cone of 60
o
 centered about the line of sight (ergorama): 

 Task (VDT screen) to adjacent surroundings (e.g. table, divider) max 3:1 or 1:3.  
(L VDT/L surroundings >0.33 or<3). 

 Task (VDT screen) and adjacent paper max 3:1 or 1:3. (L VDT/L paper >0.33 or<3). 
For the surfaces ratios within a cone of 120

o
 centered about the line of sight 

(panorama): 

 Task (VDT screen) and immediate surroundings (Windows, window frame, and 
blinds) max 10:1. (L VDT/L surroundings >0.1 or<10). 

 

 
Acceptable 
Luminance ratio 
within a cone of 
ergorama and 
panorama (IES, 
1993) 

 
 

It can be concluded that in regard to daylighting and visual comfort, as has been discussed, the most 
influenced factor that should be considered as the important aspect is the users’ type of working 
activity. It is found in this research that in majority working activities carried out in the offices in 
Jakarta are (1) type of activity: detailed working types such drawing and counting (working type that 
needs high accuracy); (2) conducted intensively in whole working hours (duration and speed of 
activities requirements); (3) conducted using facility of computer and paper; (4) carried out in an 
open-plane space (location); and  (5) mostly carried by the workers by sitting parallel to the window 
(position). These users’ activities should be used as major information to form the terms of reference 
(TOR) of façade’s functionality and adaptability required. 
 
Standard requirements then for evaluating the façade’s functionality and adaptability of OBF’s 
components in HTC are first the acceptable daylight level in building i.e. at least 2% on the low 
quality (sedentary) of work, maximum DF of 5 % for medium and high level quality (detail) of work. 
These standards are combined standards among Indonesian, Malaysian, as well as other 
international standards. The second is both luminance value and luminance ratio which are based on 
IES’ standards. They are used as the indicators for indicating glare. The reason for using these two 
glare indicators is because these measure luminance ratio among window’s, and majority working 
tasks (i.e. paper, and computer) surfaces which are seen from certain sitting position as required. 
These daylighting and glare performance indicator standards then should be employed as a 
benchmark in this study in order to evaluate the functionality and adaptability of OBF in HTC. 
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PART TWO: CHAPTER 6 
The Physical Attributes and Its Daylight and Visual Comfort 
Performance of the Existing OBFs 
 

6. Introduction 
The chapter discusses the field measurements results 
and analysis for gaining general insight on daylight 
and visual performance of the current façade 
technology applied. All rooms’ physical attributes 
performance, especially the facade, influenced by 
daylighting and visual comfort in each building were 
measured and recorded. The technological attributes 
taken into account were the transmittance and 
reflectance values of window glass and blinds, while 
the architectural attributes considered were window 
placement and orientation, as well as plan ratio. 
Taking into account the room’s (i.e. wall, floor, 
ceiling, and the working plan) reflectance attributes 

of the case buildings, the maximum, minimum and the average of Daylight Factors level and its 
penetration of each office building case in its façade technology attributes were calculated and 
described as the façade’s functionality performance. Meanwhile, by measuring the luminance values 
of some points in certain surfaces around the task area, the maximum and minimum of average of 
luminance values of these surfaces at certain blind slat angles and occlusions were calculated.  

 6.1. Physical Attributes of the OBF and the Working Room  
Though the five buildings have similar characteristics in using the large glass façade, they have in fact 
different detail façade attributes as well as different room’s surfaces characteristics. These are 
unique as they provide daylight / visual environment in the space. From the literature studies, it is 
found that several aspects might influence daylight performance of the working space. They are the 
façade technology attributes (the transmittance and reflectance of window glazing and blinds) and 
architectural attributes such as window size, orientation, placement and room’s dimension 
(Guzowsky, 2000). Beside these attributes, the rooms’ transmittance of the transparent surfaces 
such as transparent partitions and the reflectance capability of the opaque surfaces such as wall, 
floor, ceiling, and working plans are also room’s attributes influenced by daylighting and visual 
comfort performance. Table 6.1 shows the results of measurements of several transparent and 
opaque surfaces in every room observed and building studied. 
 

Table 6.1 Façade’s technology and room’s attributes applied in the five building cases 

 
No 

 
Buildings 

Façade’s Transmittance 
values - Tav (%) 

Room’s Reflectance-Rav (%) 

Glass 
window 

Blinds 
closed 

Wall Floor Ceiling Working 
plans 

1 
SCTV Tower 

75  
(Tinted - Panasap green, 

6mm) 

30 
47 

(light grey) 
15 

(carpet,  grey) 
70 

(white) 
45 

(light grey) 
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2 
Jamsostek 

63 
(Tinted - Panasap dark 

grey,6mm) 

20 
55 

(white grey) 
15  

(carpet,  grey) 
70 

(white) 
55 

(light grey) 

3 
Grha XL 

42 
(Reflective - Stopsol blue-

green, 8mm) 

15 
47 

(light grey) 
10  

(carpet, dark grey) 
70 

(white) 
48 

(light grey) 

4 
IKPT 

42 
(Reflective -Stopsol blue-

green, 8mm) 

0 
5 

(dark grey) 
15 

(ceramic, light brown) 
70 

(white) 
55 

(light brown) 

5 
Energy Tower 

42 
(Reflective - Stopsol blue-

green, 8mm) 

5 
80 

(white-
brownish) 

20 
(carpet, light grey) 

70 
(white) 

50 
(light brown) 

 

As described in the literature review, the capability of materials technology in transmitting the 
visible light will determine the amount of daylight entering the room. The higher the transmittance 
value of the transparent material, the better it will transmit the light. As shown in table 6.1 above, 
two case buildings i.e. SCTV Tower and Jamsostek that used body tinted type of glass, have 
considerably higher transmittance value of their window glass (75% and 63% respectively) compared 
to other three case buildings i.e. Grha XL, IKPT, and Energy Tower (they all have 45% of glass 
transmittance value) that used the reflective type of glass. These two buildings expectedly, would 
yield higher average daylight intensity in the room.  
 
The interior shading system used in these five case buildings was also variable. The value of 
transmittance of the system depended mostly on the transparency of the material. From the above 
table, it can be seen that the SCTV building had better shading system compared to other four case 
buildings as it can transmit 30% of visible light entering the room. If it is noticed, the SCTV building 
used a perforated roller blind in which it has many little hollow dots that can release more light if it 
is compared to other system used by other four case buildings. Second better rank of shading 
transmittance was used by Jamsostek building (20%) followed by Grha XL (15%), Energy Tower (5%), 
and IKPT (0%). Though shading system of Grha XL and Energy buildings were similar to that of SCTV 
building, the transmittance value are lower since the Grha XL building used roller blinds but had no 
small hollow dots and the Energy building used more opaque ones. Among those shading system, 
the shading used by the IKPT building had the worst transmittance value since it was made of an 
opaque metal (aluminum) horizontal blinds that cannot transmit the light except from the small 
fissure (if any) between the metal bars. The overall properties of those shadings can be seen from 
table 6.2. 
 
Table 6.2 Interior shading devices attributes and their optical properties of the five building cases 

No Shading device Color, material Tav (%) Rav (%) 
1. Venetian/horizontal blind Yellowish painted, aluminum 0 55 
2. Vertical blinds White, fabrics 20 70 
3. Roller blinds 1. White, perforated fabrics 

2. Light grey, fabrics 
3. Grey, semi-opaque fabrics 

30 
15 
5 

65 
30 
10 

Note: 
Tav= Average transmittance value; Rav= Average reflectance value 

 
Reflectance value of the surfaces material used will also influence the daylight performance and 
visual comfort performance of the room. The higher the reflectance values of the surface, the higher 
also its capability to reflect light. It will in turn contribute to the higher light reflectance. The 
reflectance values or surfaces in the case buildings were also variable. Except the reflectance value 
of ceiling, in almost all cases, the building have medium wall reflectance (about 44% and 55% for 
SCTV, Jamsostek, and Grha XL buildings) since they use light grey painted wall. Low reflectance of 
wall (5%) is used by XL building as it uses rough wall paper and darker grey color. The highest 
reflectance of wall (80%) is used by the Energy Tower building in which it finishes the wall by 
brownish white paint. The reflectance of the ceiling of all the building cases was considerably high. 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  

Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

85 
 

All buildings used 70% surface reflectance of acoustic ceiling material. For the building cases’ 
working tables, they use medium kind of material reflectance. They use 45%-55% of the working 
table reflectance material. Material used for working tables are wood finished by laminated light 
color (brownish or grayish) surfaces. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The area of window glass will determine the total amount of light received in the working plans. The 
larger the window area, the higher amount of light can enter the room. The window glass area of the 
case study buildings was considerably large. All the window area was more than 50% of the total 
façade area. The smallest window area was 60% (IKPT’s window area) and the largest was 80% 
(Energy Tower window area), other three buildings (SCTV, Jamsostek, and Grha XL) had the same 
total window area of 75%. This glass window also oriented to the variable orientation. However, 
among five, three buildings have windows oriented to the four orientations (North, South, West, and 
East). The other two (Jamsostek and Grha XL) oriented the window to two only orientation i.e. 
South-West and North-South. From this point of view, it seems that the Energy Tower building will 
receive more light compared to other four buildings.  Among those five, the IKPT building will get the 
least amount of light. 
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Window placement will also influence daylighting performance of the room. As they can determine 
the initial source of daylight, it will contribute mainly to the light distribution, and daylight 
uniformity in the room (Guzowski, 2000). The window placements of the five case buildings were 
initially created in relation to the buildings’ core position. Table 6.1.3 above shows that buildings 
with a central core and at one side of the building will create a multilateral window placement (such 
as IKPT, Energy Tower, Jamsostek and the SCTV Tower   buildings). The building with cores in both 
sides of the facade will create a bilateral window placement such as Grha XL building. Theoretically 
the multilateral window will have daylight distribution better than bilateral or unilateral window as 
they can take a benefit from the lights coming from all different side sources. Thus, buildings with 
multilateral types of window such as the IKPT, Energy Tower, Jamsostek and SCTV will have even 
more distribution of daylight compared to the Grha XL which has a bilateral window type. 
 
The relationship between the height of the window and the depth of the room will determine how 
deep the light can penetrate into the room (Guzowski, 2000). It can be seen from table 6.3 above, 
Jamsostek building has the smallest room geometry (0.18) followed by Energy Tower, Grha XL and 
SCTV buildings. The IKPT building has the biggest room geometry (0.30). Theoretically, the 
Jamsostek’s working space will have more light penetrated sufficiently into the deep of the room. 
Conversely, the IKPT’s working space will have the worst Daylight penetration performance. It means 
that in IKPT building, the sufficient light will not reach to the deep of the space.  
 

6.2. The Performance of the Existing OBFs.  
The functionality of the existing façade in this section describes the performance of glazing types 
(measured at bare window) and combination of window glazing and blinds type (measured when the 
blinds were totally closed) toward several daylighting and visual comfort variables. It is analyzed 
based on the characteristics of daylight factor values at zones and across the room. The analyses are 
in the form of the highest and the lowest DF values as well as the average DF values. It also evaluates 
the capability of the light entering the room as well as the characteristics of the fluctuation (the 
decrease and increase) of DF. The characteristics of luminance values across the room are also 
discussed in the form of the highest or the lowest luminance values both at every surface and across 
the room when the blinds were totally opened and totally closed. The average absolute luminance 
values in some surfaces in the room were measured towards an indication of sufficient room’s 
brightness for office while the absolute luminance values were measured for indicating a possibility 
of glare caused by too bright surfaces. 
 
For the adaptability of the existing façade, the absolute luminance values in some surfaces in the 
room were measured to indicate whether there will be a possibility of discomfort glare occurred in 
the room and the source of glare. In every building case, the adaptable capability of the blind was 
measured at seven different surfaces; four are at ergorama field of view (i.e. VDT screen, paper, 
divider, and table) and three are at panorama field of view (i.e. all those surfaces plus the window 
glass, blind, and frame surfaces). The characteristics of the differences between all those surfaces’ 
luminance value are described to see the characteristics of luminance values due to the blind’s 
execution. The value at every slat angle or occlusions of the blind are discussed in the form of the 
highest, lowest, and average luminance values at two different times (i.e. morning and noon times) 
at every sitting position (north, south, west, east, etc.). Noted that the “0” value does not mean the 
luminance value at that surface is 0 but it means that the surface could not be measured since it 
could be seen from both ergorama and panorama field of view. 
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6.2.1. Case 1: SCTV tower building 
A. Functionality: Daylight Factor (DF) and Daylight Penetration 

The absolute illuminances in the working planes were measured in July 7th at 01.00 PM. The 
Microsoft-excel program was used to convert the illuminance to Daylight Factor (DF) values. As 
described in section 6.1., the room has a three-fourth of its façade made from multilateral window 
with considerably high transmittance glass (Tv=75%) and covered by perforated fabric roller blinds. 
The room’s proportion of window height and room’s depth is 0.28. Table 6.4 presents those DF 
values measured at the whole working place with and without the use of blinds. Meanwhile, figure 
6.1 presents the Daylight Factor profile showing the fluctuation and penetration capability of DF 
values at all nodes in the same row along the depth of the room with and without the use of blinds.  
 
Table 6.4 shows that from 36 nodes measured, the maximum DF value reached up to 32% for bare 
window and 12% for window with shading closed. The positions of nodes reached this value were 
mostly in the perimeter (between 0-3 meters from the window, at the A and 1 zone). The minimum 
DF value, in both blinds cases, was 0% in which this value was mostly experienced by nodes at more 
than 3 meters away from the window. Further, this room with multilateral window placements 
provided an average of 11% of total room’s illuminance for bare windows in which it was 9% higher 
than the average of room’s illuminance when the blinds were closed.   
 
 Table 6.4 Daylight Factors (DFs) at nodes in each zone of SCTV building 
 

Nodes  positions 

Façade (blind opened)  Façade (blind closed) 

Distance from window (6 m interval)  Distance from window (6 m interval) 

D
is

ta
n

ce
 f

ro
m

 w
in

d
o

w
 

(3
 m

 in
te

rv
al

) 

 (West)  
A B C D E F 

(East)  
G 

(West)  
A B C D E F 

(East)  
G 

(North)1 32% 14% 29% 25% 25% 29% 29%  7% 5% 11% 9% 9% 12% 12% 

2 25% 2% 2% 1% 1% 2% 4%  1% 1% 1% 0% 1% 1% 1% 

3 27% 0% 1% 0% 0% 0% 3%  0% 0% 0% 0% 0% 0% 0% 

4 27% 0% 0% 0% 0% 0% 3%  1% 0% 0% 0% 0% 0% 1% 

5 24% 0%             1% 0%      

6 27% 1%             1% 0%      

7 29% 2%            1% 0%      

(South) 8 32% 4%             2% 1%      

           

Note:       = Zone A (total 22 nodes); DF average= 17% 

         Zone A – North; DF average = 13% 

         Zone A -  East; DF average = 10% 

         Zone A – West; DF average = 28% 

       = Zone B (total14 nodes); DF average= 0.6% 

       = Core zone 

 

Total (36 nodes) DF average = 11% 

The drop of average DF value from Zone A to B= 16.4% 

      = Zone A; DF average= 4% 

         Zone A – North; DF average = 5% 

         Zone A -  East; DF average = 4% 

         Zone A – West; DF average =2% 

      = Zone B; DF average= 0% 

      = Core zone 

 

Total DF average = 2% 

The drop of average DF value from Zone A to B 

= 4% 

 

If the DF values were compared based on the zones, in bare window case, zone A West had the 
maximum average of illumination (28%), followed by zone A North and East and zone B (i.e. 13%, 
10%, and 0.6% respectively). Meanwhile, when the blinds were totally closed, zone A North had the 
maximum average of illumination (5%), followed by zone A East and West and zone B (i.e. 4%, 2%, 
and 0% respectively). Eventually, it was indicated that when the blinds were opened, the average of 
illumination value at B zone was decreased by 16.4% from the average of illumination value at A zone. 
It was considerably higher than when the blinds were closed. 
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Furthermore, a significant reduction of the average DF values from those at A zone to those at B zone 
means that there was a significant differences of average DF value between the working plans at the 
perimeter and those located at the distance of 3 meters away from the window.  
 

Figure 6.1 shows this significant decrease of DF values behavior at points stretched from the Northern 
to Southern part of the room’s plan (along the depth of the window) in which it might produce 
discomfort glare caused by excessive differences of light level between two or more adjacent working 
plans. But in the inner area (nodes at B zones) the profiles show considerably constant value until it 
reached the opposite wall. In this southern perimeter area the differences of DF values at nodes near 
the window and nodes at 3 m distance from the window were not as significant as the northern part 
area. In average, after reaching 3 meters from the window, the DF values dropped below 4% for the 
bare window case and below 2% for window with blinds closed. The exception of this was the area of 
A row nodes. It might be caused by the influence of the window placements in which they formed 
double sources of daylight (from the northern and the western window) thus provided even more 
illumination in that area. However after reaching 3 meters away from the window, in both blind 
cases, the DF profiles were mostly constant. It can be said that in majority, in both blind cases the 
sufficient Daylight factor levels could only penetrate until less than three meters.  
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B. Functionality: Luminance Values 

The luminance values at some surfaces were measured on July 7th, at 01.00 PM for a total 72 
number of points (i.e. each four points at the window, the window frame,  the table, the paper on 
the table, the VDT screen, and on the divider surfaces and at three sitting positions i.e. North, West 
and East. Table 6.5 shows the average luminance values of those surfaces, in which for functionality 
assessment, it was measured on two blinds positions i.e. totally opened and closed; and in a major 
sitting orientation (i.e. parallel to the window). 

 
As described in section 6.1. and seen in figure 6.2, the surrounding surfaces in the room consisted of 
a considerably high transmittance glass window type (Tv=75%) framed by white metal aluminum and 
shaded with perforated fabric roller blinds that can transmit 30% of visible light when they were 
closed. The room also has its surfaces characteristics such as light brown working tables (Rav=45%), 
green rough dividers (Rav= 30%), VDT and white paper surfaces.  
 
Table 6.5 shows the average of room’s luminance values captured at the worker’s field of view. For 
the bare window (blinds were opened), the highest value was at surfaces at the East sitting position 
(114 cd/m2), the second rank was at the West sitting position (82 cd/m2) and the lowest was at the 
surfaces at the North sitting position (77 cd/m2). Meanwhile for the closed window, the highest 
average room’s luminance value was at surfaces at the West sitting position (128 cd/m2), followed 
by the surfaces at the East (126 cd/m2), and the lowest was the surfaces at the North sitting position 
(121 cd/m2).  
 

Table 6.5 Average luminance values measured at determined surfaces when the blinds were opened and 
closed, July 7

th
, at 01.00 PM 

Sitting Orientation : Parallel to the Window 

Sitting Position Average Luminance (cd/m2) when Blinds Opened  

(occlusion 200) 

Average Luminance (cd/m2) when Blinds Closed  

(occlusion 0) 

Window Frame Divider VDT Desk Paper Avg. Window Frame Divider VDT Desk Paper Avg. 

North 250 84 7 85 18 18 77 230 122 62 85 85 140 121 

West 256 76 5 85 42 25 82 235 146 68 83 87 151 128 

East 254 101 82 85 72 92 114 232 138 62 83 92 149 126 

 
However, if it was seen from the individual luminance value at some surfaces, table 6.5 indicates 
that when the blinds were opened, the highest average luminance value was at the West window 
surface (256 cd/m2) while the lowest was at the West divider (5 cd/m2). Meanwhile when the blinds 
were closed the highest luminance value was at the West window (235 cd/m2) while the lowest 
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luminance value was at the North and the East dividers (62 cd/m2 each). It can be concluded that in 
this case building, compared to the other two sitting positions, The North sitting position received 
the lowest average luminance values, while the East sitting position received the highest average of 
luminance.  
 

C. Adaptability: Luminance Values and Daylight Factors  

Figure 6.3 and figure 6.4 present the differences of luminance values and Daylight factor at surfaces 
due to the variety of blinds’ occlusions at some sitting positions, work planes, and times.  Noted that 
the “0” value does not mean that the luminance value at that surface is 0 cd/ m2 but it means that 
the surface could not be measured since it could not be seen from both ergorama and panorama 
field of view. 

 
It can be seen from figure 6.3, in the morning, the highest luminance values at almost all blinds 
occlusions application and three sitting positions (North, West and East) was at the glass surface 
whereas in majority the lowest was at VDT screen surfaces. At the most also, the values of the 
luminance at any surface increased in accordance with the wider the roller blind was opened. If seen 
from the table, it is indicated that among different surfaces there was luminance values discrepancy, 
particularly between the glass surface and blinds with VDT screen. Regarding the Daylight factor 
values at the working plane, it is indicated that there was no significant change of values due to the 
application of different blind occlusions except at the North, the DF decreases or increases 1-2% 
higher or lower. The DF values remained constant at the North sitting position, and the highest of DF 
value (5%) was received at Eastern and Western part working plane when the roller blinds were 
150cm opened. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 6.3 Adaptability of SCTV’s blinds: average luminance values and Daylight factors measured of North, 

East and West sitting positions at some blind’s occlusions, August 18
th

 , at 10.00-12.00 AM 
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Similar phenomena are also experienced by luminance and DF values measured at noon time (figure 
6.4). In this period of time and all three sitting positions, the highest luminance values were majority 
at window glass and blinds surfaces. There seems also a problem with great discrepancy between 
window glass and blinds surfaces with VDT screen in which it might lead to a high luminance ratio. 
Regarding the DF values, it is indicated also that there was no significant differences of values due to 
the changing of blind occlusion except at the West sitting position which can reach the highest DF of 
9% at the 200 cm of blind occlusion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.2.2. Case 2: Jamsostek building 
 
A. Functionality: Daylight Factor (DF) and Daylight Penetration 

The Daylight Factors (DF) in the working plan at Jamsostek building were measured in June 30th at 
11.00 AM. As described in section 6.1., the room has similar window attributes as the SCTV building 
i.e. a three-fourth of its façade made from window with considerably high transmittance glass 
(Tv=63%), but different from SCTV, it has a bilateral window placement with white fabric vertical 
blinds that can transmit 20% of visible light when they are closed. The room’s proportion of window 
height and room’s depth is smaller than that of SCTV building. It had only 0.18 of its room’s 
geometry. The results of those absolute illuminance (DF factors) value measured at the whole 
working place with and without the use of blinds are presented in table 6.6, while the Daylight factor 
profile showing the fluctuation and penetration capability of nodes in the same row along the depth 
of the room with and without the use of blinds, are presented in figure 6.5.   
 

Figure 6.4 Adaptability of SCTV’s blinds: average luminance values and Daylight Factors measured of North, 
East and West sitting positions at some blind’s occlusions, August 18

th
, at 01.00-03.00 PM 
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Different from those SCTV’s Daylight Factor values, Jamsostek’s DF values show a bit lower of the 
maximum DF values. Table 6.6 shows that from 33 nodes measured, the maximum DF value reached 
up the maximum of 18% for bare window and 2% for window with shading closed. Similar to the SCTV 
building, the positions of nodes reached this value were mostly in the perimeter (between 0-3 meters 
from the window, both at the H and 1 zones). The minimum DF value, in both blinds cases was 0%, in 
which similar to the SCTV building, this value was mostly experienced by nodes at more than 3 meters 
away from the window. Further, this room with bilateral window placements provided an average of 
2% of total room’s illuminance for bare windows in which it was far below the average room 
illuminance of the SCTV building and an average of 0% when the blinds were closed.   
 
If the DF values based on the zones were compared, in bare window case, zone A West had the 
highest average of illumination (4%), followed by zone A South and B zones (i.e. 3%, and 0% 
respectively). Meanwhile, when the blinds were totally closed, both zone A South and West had the 
highest average of illumination (1%), followed by B zones (0%). Finally, it indicated that when the 
blinds were opened, the average of illumination value at B zone was decreased by 3% from the 
average of illumination value at A zone. The decrease was considerably higher than the decrease of 
that value when the blinds were closed (i.e. only 0.5% decrease between A and B zones). 
 
Table 6.6 Daylight Factors (DFs) at nodes in each zone, June 30

th
, at 11.00 AM 

 

Nodes  positions 

Façade (blind opened) Façade (blind closed) 

Distance from window (6 m interval)  Distance from window (6 m interval)  
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 (North)  
B C D E F G 

(South) 
H 

(North)  
B C D E F G 

(South) 
 H 

(East) 6    0% 0% 0% 0%    0% 0% 0% 0% 

5    0% 0% 0% 0%    0% 0% 0% 0% 

4    0% 0% 1% 1%    0% 0% 0% 0% 

3 0% 0% 0% 0% 0% 1% 1% 0% 0% 0% 0% 0% 0% 0% 

2 0% 0% 1% 1% 1% 2% 5% 0% 0% 0% 0% 0% 0% 1% 

(West) 1 2% 2% 3% 4% 5% 10% 18% 1% 1% 1% 1% 1% 1% 2% 

        

Note:       =  Zone A (18 nodes); DF average= 3% 

Zone A- South; DF average = 3% 

Zone A-  West; DF average = 4% 

       =  Zone B1 (11 nodes); DF average= 0% 

       =  Zone B2 (4 nodes); DF average= 0% 

      =  Core zone 

 

Total (33 nodes) DF average = 2% 

The drop of average DF value from Zone A to B= 3% 

      =  Zone A; DF average= 0,5% 

Zone A- South; DF average = 1% 

Zone A - West; DF average = 1% 

      =  Zone B1; DF average= 0% 

      =  Zone B2; DF average= 0% 

      =  Core zone 

 

Total DF average = 0% 

The drop of average DF value from Zone A to B= 0,5% 

 

 

Furthermore, similar to the SCTV building, figure 6.5 shows that there might experience uneven 
illumination. A significant reduction of DF value between the working plans at the perimeter and 
those located at the distance of 3 meters away from the window occurred. Though the differences of 
DF phenomena in this building were not as high as those in SCTV building, it might also produce 
discomfort glare caused by an excessive differences of light level especially when the blinds were 
opened and at the area between 0-3 meters from the West window. The sharp decrease of DF values 
can be seen from DF value at points stretched from the West to the East part of the room’s plan 
(along the depth of the room). After reaching the three meters area away from the west window, the 
DF values decreased until below 5%. It continued to decrease up to below 1% at the area of six 
meters from the west window until it reached 0% at the opposite East wall. For the average, after 
reaching 3 meters from the window the DF values were drop below 5% for the bare window case and 
below 1%  for window with blinds closed. It can be said that the valuable Daylight factor could 
penetrate until six meters from the west window for both cases, the opened and closed window.  
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B. Functionality: Luminance values 

The absolute luminance values in some surfaces were measured on June 30th  at 11.00 AM  for a 
total of 48 number of points (i.e. each four points on the window, the window frame,  the table, the 
paper on the table, the VDT screen, and on the divider surfaces and at two sitting positions). Table 
6.7 shows the average luminance values of those surfaces, in which for functionality assessment, it 
was measured on two blinds position i.e. totally opened (measuring functionality of the tinted glass) 
and closed (measuring functionality of the combined tinted glass and vertical blind); in two sitting 
positions (i.e. South, and West); and in the major sitting orientation (i.e. parallel to the window). 
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For identifying the luminance values across the room, as reminding, the room has considerably high 
transmittance glass window type (Tv=63%) framed by white metal aluminum and shaded with white 
vertical blinds that can transmit 20% of visible light. The room also has its surfaces characteristics 
such as a light grey working table (Rav= 55%) and a yellowish semi-rough divider (Rav = 40%), other 
surfaces were VDT screen and paper at the desk. As seen from the figure 6.6 at the average, the 
room had considerably bright surfaces. 

 
Table 6.7 Average luminance values measured at determined surfaces, June 30

th
, at 11.00 AM 

Sitting Orientation : Parallel to the Window 

Sitting Position Luminance (cd/m2) when Blinds Opened 

(slat angle 90
o
) 

Luminance (cd/m2) when Blinds Closed 

(slat angle 0
o
) 

Window Frame Divider VDT Desk Paper Avg. Window Frame Divider VDT Desk Paper Avg. 

South 155 45 16 88 72 63 73 65 50 13 80 20 1 38 

West 197 65 46 85 137 146 113 70 70 7 83 23 1 42 

 
Table 6.7 shows the average of room’s luminance values captured and measured at the worker’s 
field of view who sat parallel to the window. For the bare window, the highest value was at room’s 
surfaces at the West sitting position (113 cd/m2), the lowest rank was at the South sitting position 
(73 cd/m2). Meanwhile for the closed window, the highest average room’s luminance value was at 
surfaces at the West sitting position (42 cd/m2), followed by the surfaces at the South (38 cd/m2). If 
it was seen from the individual luminance value at some surfaces, it indicated that when the blinds 
opened, the highest average luminance value was at the West window surface (197 cd/m2) while 
the lowest was at the South divider (16 cd/m2). Meanwhile when the blinds were closed, the highest 
luminance value was at the West window (70 cd/m2) while the lowest luminance value was at paper 
surfaces at both the South and West dividers (1 cd/m2).  

 

C. Adaptability: Luminance Values  and Daylight Factors 

In this case building, the adaptable capability of the blind was measured at seven different surfaces, 
four were at ergorama field of view (i.e. VDT screen, paper, divider, and table) and three were at 
panorama field of view (i.e. all those surfaces and added by the window glass, blind, and frame 
surfaces). The characteristics of the differences between all those surfaces’ luminance value were 
described to see the characteristics of luminance values due to the vertical blinds’ slat angle 
execution. Figure 6.7 and figure 6.8 below present the differences of luminance values at surfaces 
due to the variety of blinds’ slat angles at some sitting positions, work planes, and times. Also, the DF 
values at the working planes were also measured to see the differences of these values due to the 
application of blinds’ occlusion variety.   
 
It can be seen from figure 6.7, there is a variety of luminance values of surfaces measured at 10.00-
12.00 AM. The highest luminance values at almost all blinds occlusions application and both sitting 
positions (South and West) was at the glass surface whereas at majority the lowest was at VDT 
screen surfaces. At the most also, the values of the luminance at any surface increased and reached 
the highest values when the vertical blinds were tilting at either 45 o (half opened) or 90o (totally 
opened). If seen from the table, it indicated that there was significant luminance values discrepancy 
particularly between the glass surface and VDT screen. It seems that there was a great discrepancy 
mostly between the window glasses with other six surfaces. This great discrepancy might become a 
source of high luminance ratio leading to discomfort glare. Regarding the Daylight factor values at 
the working plane, it is indicated that there was no significant change of values due to the 
application of different blinds’ slat angle except at the North, the DF decreased or increased in the 
range of 1%-3%.  
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Similar phenomena were also experienced by luminance and DF values measured at noon time 
(figure 6.8). In this period of measuring time, the highest luminance values were majority at window 
glass surface. Also there seems to have a problem with discrepancy, in particular between window 
glass and VDT screen, in which it might lead to a high luminance ratio. For the DF values, different 
from other shadings, this vertical blinds used in this building yielded a wide range of DF especially 
those DF received in West sitting position. The highest DF of West sitting position reached 13% when 
the blinds were tilted at 135o (almost totally opened). 
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6.2.3. Case 3: Grha XL building 
 

A. Functionality: Daylight Factor (DF) and Daylight Penetration 

The absolute illuminances in the working planes were measured in same date as the SCTV building 
(July7th) but at different time (11.00 AM). As described in section 6.1., similar to the SCTV and 
Jamsostek buildings, the room has a three-fourth of its façade made from window glass but different 
from those two buildings, this building has a low transmittance glass (Tv=42%).  The bilateral window 
was equipped with white fabric roller blinds that can transmit 15% of visible light when they are 
closed, and room’s proportion of window height and room’s depth is 0.27 (about the same as the 
SCTV building). The results of those absolute illuminance (DF factors) values measured at the whole 
working place with and without the use of blinds are presented in table 6.8. Meanwhile, the Daylight 
factor profile showing the fluctuation and penetration capability of nodes in the same row along the 
depth of the room with and without the use of blinds, are presented in figure 6.9. 

Different from those SCTV’s Daylight Factor values, Grha XL’s maximum DF values were a bit lower.  
Table 6.8 shows that from 30 nodes measured, the maximum DF value reached up the maximum of 
18% for bare window and 2% for window with shading closed. Similar to the SCTV building, the 
positions of nodes reaching this value were mostly in the perimeter (between 0-3 meters from the 
window, at the 1st row).   

The minimum DF value, in both blinds cases, was 0% in which similar to the SCTV building. This value 
was mostly experienced by nodes at more than 3 meters away from the window. Further, this room 
with bilateral window placements provided an average of 4% of total room’s illuminance for bare 
windows in which it was far below the average room illuminance of the SCTV building but slightly 
higher than the Jamsostek building; and an average of 0% when the blinds were closed.   

Table 6.8 Daylight Factors (DFs) at nodes in each zone 
Nodes  
positions 

Façade (blind opened) Façade (blind closed) 

Distance from window (6 m interval)  Distance from window (6 m interval)  
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 (West) 
A B C D 

(East) 
E 

(West) 
A B C D 

(East) 
E 

(North)1 5% 8% 33% 27% 30%  2% 2% 2% 2% 1%  

2 1% 1% 2% 1% 1%  0% 0% 0% 0% 0%  

3 0% 0% 0% 0% 0%  0% 0% 0% 0% 0%  

4 0% 0% 0% 0% 0%  0% 0% 0% 0% 0%  

5 0% 0% 0% 0% 0%  0% 0% 0% 0% 0%  

6 0% 1% 1% 1% 0%   0% 0% 0% 0% 0%  

(South)7 2% 4% 3% 4% 4%   0% 0% 0% 0% 0%  

              

Note:       =  Zone A (30 nodes); DF average= 4% 
Zone A- North; DF average = 7% 

Zone A- South; DF average = 1% 

       =  Zone B (5 nodes); DF average= 0% 
      =   Core zone 
 
Total (35 nodes) DF average = 4% 
The drop of average DF value from Zone A to B= 4% 

      =  Zone A; DF average= 0% 
Zone A- North; DF average = 1% 

Zone A- South; DF average = 0% 

      =  Zone B; DF average= 0% 
      =  Core zone 
 
Total DF average = 0% 
The drop of average DF value from Zone A to B= 0% 

 

Table 6.8 above also shows that if the DF values based on the zones were compared, in bare window 
case, zone A North had the highest average of illumination (7%), followed by zone A South and zone B 
(i.e. 1%, and 0% respectively). Meanwhile, when the blinds were totally closed, zone A North also had 
the highest average of illumination (1%), while the other two zones received similar average daylight 
factor (i.e. 0%). Eventually, it indicated that when the blinds were opened, the average of illumination 
value at zone B was decreased by 4% from the average of illumination value at zone A. The decrease 
was considerably higher than the decrease of that value when the blinds were closed (i.e. only 0% 
decrease between A and B zones). 
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Furthermore, similar to SCTV building, figure 6.9 shows that there might experience uneven 
illumination especially in the area between 0-6 meters from the North window. A significant 
reduction of DF value between the working plans at the perimeter and those located at the distance 
of 3 meters away from the window occurred. Even though the differences of DF phenomena in this 
building were not as high as those in SCTV building, it might also produce discomfort glare caused by 
an excessive differences of light level especially when the blinds were opened. The sharp decrease of 
DF value behavior can be seen from DF value at points stretched from the North to the South part of 
the room’s plan (along the depth of the room) when the blinds were opened. After a significant 
decrease and reaching the three meter area from the North window, the DF value continued to 
decrease up to below 4% until down to 0% at nine, twelve and fifteen meters from the north 
window. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Furthermore, it increased slightly at the opposite south window for the maximum of 5%. Similar 
phenomenon also occurred when the blinds were closed. A significant decrease experienced at the 
area between 0-3 meters from the North window and then it continued to decrease down to 0% at 
six, nine, twelve meters from the North window. Further, it increased slightly (only approximately 1%) 
until it reached the South window. It can be said that the valuable daylight factor could penetrate 
only until three meters from both the North and the South window.  

Figure 6.9 Daylight penetration in each group of nodes. Facade with blind opened (above), with 
the blinds closed (below) 
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A. Functionality: Luminance values 

The absolute luminance values in some surfaces in the room were measured on  July 7th, at 11.00 
AM for a total 48 number of points (i.e. each four points on the window, the window frame,  the 
table, the paper on the table, the VDT screen, and on the divider surfaces and at two sitting 
positions). Table 6.9 shows the average luminance values of those surfaces, in which for functionality 
assessment, it was measured on two blinds position i.e. totally opened and closed; in two sitting 
positions (i.e. North and South); and in the major sitting orientation (i.e. parallel to the window). 
 
As described in section 6.1., the room surfaces consisted of a considerably high transmittance glass 
window type (Tv=42%) framed by white metal aluminum and shaded with white fabric roller blinds 
that can transmit 15% of visible light. The room also has its surfaces characteristics such as a light 
grey working table (Rav =48%), light grey wall (Rav = 47%), and a light grey rough dividers (Rav = 
30%).  
 
Table 6.9 shows the average of room’s luminance value captured at the worker’s field of view. For 
the bare window, the highest average room’s luminance value was at surfaces at the North sitting 
position (121 cd/m2), the second rank was at the South sitting position (107 cd/m2). Meanwhile for 
the closed window, the highest average room’s luminance value was also at surfaces at the North 
sitting position (118 cd/m2), followed by the surfaces at the South (93 cd/m2).  From the table, it can 
be seen that when the blinds were opened, the highest average luminance value was at the North 
window surface (139 cd/m2) while the lowest was at the South window frame (39 cd/m2). 
Meanwhile when the blinds closed the highest luminance value was at the North window (235 
cd/m2) while the lowest luminance value was at the west window frame (37 cd/m2).  
 
If it was seen from the individual luminance value at some surfaces, it indicated that when the blinds 
were opened, the highest average luminance value was at the North window surface (249 cd/m2) 
while the lowest was at the South frame (39 cd/m2). Meanwhile, when the blinds were closed the 
highest luminance value was at the North window (230 cd/m2) while the lowest luminance value 
was at the South frame (37 cd/m2). However, in average, it can be concluded that the reflective 
glazing type and by combination between reflective glazing and white roller blind applied in this 
building provided the North sitting position with higher average luminance values than the South 
one for both at all average surfaces in the room and at individual surface.   
 

Table 6.9 Average luminance values measured at determined surfaces, July 7
th

 at 11.00AM 

Sitting Orientation : Parallel to the Window 

Sitting Position Luminance (cd/m2) when Blinds Opened 

(Occlusion 200) 

Luminance (cd/m2) when Blinds Closed 

(Occlusion 0) 

Window Frame Divider VDT Desk Paper Avg. Window Frame Divider VDT Desk Paper Avg. 

North 249 69 60 85 123 139 121 230 48 48 83 136 163 118 

South 242 39 41 85 121 111 107 208 37 38 83 99 93 93 

 

B. Adaptability: Luminance values and Daylight Factors  

In this case building, the adaptable capability of the blind was measured at seven different surfaces, 
four were at ergorama field of view (i.e. VDT screen, paper, divider, and table) and three were at 
panorama field of view (i.e. all those surfaces and added by the window glass, blind, and frame 
surfaces). The characteristics of the differences between all those surfaces’ luminance value were 
described to see the characteristics of luminance values due to the blind’s execution. Figure 6.10 and 
figure 6.11 below presents the differences of luminance values at surfaces due to the variety of 
blinds’ slat angles at some sitting positions, work planes, and times. Also, the DF values at the 
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working planes were also measured to see the differences of these values due to the application of 
blinds’ occlusion variety.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
It can be seen from figure 6.10, there is a variety of luminance values of surfaces measured at 10.00-
12.00 AM. The highest luminance values at almost all blinds occlusions application and both sitting 
positions (North and South) was at the glass surface whereas in majority the lowest was at VDT 
screen surfaces. At the most also, the values of the luminance at any surface increased in 
accordance with the wider the roller blind was opened. Seen from the table, it indicates that among 
different surfaces there was no significant luminance values discrepancy except between the glass 
surface and other all six surfaces. It seems that there was a great discrepancy mostly between the 

Figure 6.10 Adaptability of Grha XL’s blinds: average luminance values and daylight factors measured of North, 
and South sitting position at some blind’s occlusions, September 1, at 10.00-12.00 AM 

 

 

Figure 6.11 Adaptability of Grha XL’s blinds: average luminance values and daylight factors measured of North, 
and South sitting Position at some blind’s occlusions, September 1, at 01.00-03.00 PM 
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window glasses with other six surfaces. This great discrepancy might become a source of high 
luminance ratio leading to users’ working arousal due to excessive brightness discrepancy among 
surfaces. Regarding the daylight factor values at the working plane, it indicates that there is no 
significant change of values due to the application of different blind occlusions except at the North, 
the DF decreases or increases 1% higher or lower. The DF values remain constant at the South sitting 
position. 
 
Similar phenomena also occurred for luminance and DF values measured at 01.00-03.00 PM (figure 
6.11). In this period of time, the highest luminance values were majority at window glass surface. 
Also there seems to have a problem of great discrepancy between window glass and other 
surrounding surfaces leading to a high luminance ratio. For the DF values, it also indicates that there 
was no significant differences of values due to the changing of blind occlusion except at the North 
sitting position which can reach the highest DF of 3% at the 100 cm of blind occlusion. 

 
 

6.2.4. Case 4: IKPT building 
 

A. Functionality: Daylight Factor (DF) and Daylight Penetration  

The absolute illuminances in the working planes were measured in July 1st at 01.00 PM. The daylight 
factors (DF) were calculated using Microsoft-excel program. As described in section 6.1., the room 
has a three-fifth of its façade made from window with a low transmittance glass (Tv=42%), 
multilateral window with metal horizontal blinds that can transmit very low visible light (5%) when 
they are closed, and room’s proportion of window height and room’s depth is 0.30. The results of 
those absolute illuminance (DF factors) value measured at the whole working place with and without 
the use of blinds are presented in table 6.10, while the daylight factor profile showing the fluctuation 
and penetration capability of nodes along the depth of the room (stretched from the North to South) 
with and without the use of blinds are presented in figure 6.12. 
 

Table 6.10 shows that from 68 nodes measured, the maximum DF value reached up to 5% for bare 
window and 1% for window with shading closed. This values are far below the maximum daylight 
factors of other previous three buildings i.e. SCTV building, Jamsostek, and Grha XL building, 
especially when the blinds were opened. Similar to other three building cases, the positions of nodes 
reached these values were mostly in the perimeter (between 0-3 meters from the window, at zone A 
and 1). Other similarity with the previous three building, in both blinds cases, the minimum DF value 
was also 0% and in which this value was mostly experienced by nodes at more than 3 meters away 
from the window. Further, this room with multilateral window placements provided a considerable 
low average of total room’s illuminance for bare window (1%) in which it was only 1% higher than the 
average of room’s illuminance when the blinds were closed.   

If the DF values were compared based on the zones, in bare window case, zone A North, East, and 
West had the maximum average of illumination (2%), followed by zone A South and zone B (i.e. 1%). 
Meanwhile, when the blinds were totally closed, zone A North had the maximum average of 
illumination (1%), followed by other zone A and zone B (i.e. 0%). Finally, it was indicated that when 
the blinds were opened, the average of illumination value at B zone was decreased by 1% from that 
value at A zone. The decrease was only slightly higher than the decrease of that value when the blinds 
were closed (i.e. only 0% decrease between zones A and B when the blinds were closed). 
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Table 6.10 Daylight Factors (DFs) at nodes in each zone 
Nodes  

positions 

Façade (blind opened) Façade (blind closed) 

Distance from window (6 m interval)  Distance from window (6 m interval)  
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 (East)  
A B C D E F 

(West) 
G 

(East)  
A B C D E F 

(West) 
G 

(North)1  5% 3% 2% 3% 3%    1% 1% 1% 1% 1%   

2  2% 1% 1% 1% 2%    0% 0% 0% 0% 0%   

3 4% 2% 0% 1% 1% 1% 3%  1% 0% 0% 0% 0% 0% 1%  

4 2% 1% 1% 1% 2% 1% 1%  1% 0% 0% 0% 0% 0% 0%  

5 2% 0%    0% 1%  0% 0%    0% 0%  

6 1% 0%    0% 1%  0% 0%    0% 0%  

7 1% 0%    0% 1%  0% 0%    0% 0%  

8 1% 0%    1% 1%  0% 0%    0% 0%  

9 1% 0%    0% 2%  0% 0%    0% 0%  

10 1% 0% 1% 2% 1% 0% 2%  0% 0% 0% 0% 0% 0% 0%  

11 2% 0% 0% 0% 0% 0% 2%  0% 0% 0% 0% 0% 0% 0%  

12  1% 0% 0% 0% 2%    0% 0% 0% 0% 0%   

(South)13  2% 1% 1% 1% 2%    0% 0% 0% 1% 0%   

   

Note:       =  Zone A (38 nodes); DF average= 2% 

Zone A – North; DF average = 2% 

Zone A – South; DF average = 1% 

Zone A – East; DF average = 2% 

Zone A – West; DF average = 2% 

       =  Zone B (30 nodes); DF average= 1% 

      =   Core zone 

 

Total (68 nodes) DF average = 1% 

The drop of DF value from Zone A to B= 1% 

      = Zone A; DF average= 0% 

Zone A – North; DF average = 1% 

Zone A – South; DF average = 0% 

Zone A – East; DF average = 0% 

Zone A – West; DF average = 0% 

      = Zone B; DF average= 0% 

      = Core zone 

 

Total DF average = 0% 

The drop of DF value from Zone A to B= 0% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.12 Daylight penetration in each group of nodes. Facade with blind 
opened (above), with the blinds closed (below) 
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Furthermore, similar to SCTV building, figure 6.12 shows the fluctuation of the DF values at nodes 
stretched from the North to the South. Though the average of illumination in this room was 
considerably low, this room might not experience uneven illumination. There was no significant 
reduction of DF value between the working plans at the perimeter and those located at the distance 
of 3 meters away from the window occurred. The only considerable slight decrease of DF values 
behavior can be seen from DF value at points 0-3 meters from the window. For the bare window, the 
maximum decrease was only 3% at zone North A. After reaching 3 meters, the DF values were 
continued to decrease down to below 4% until it reached 0% at 12- 30 meters from the North 
window. Further it increased slightly at the opposite south window for the maximum of 2%. Similar 
phenomenon also occurred when the blinds were closed. A slight decrease (1%) was experienced at 
the area between 0-3 meters from the North window and then it continued to decrease until it 
almost reached 0% at 3 – 33 meters from the North window. It increased slightly (only approximately 
0.5%) until it reached the South window. It can be said that the valuable daylight factor could 
penetrate only until three meters from both the North and the South window.  

 

B. Functionality: Luminance Values 

The luminance values measured on July 1st  at 01.00 PM for a total of 96 number of points (i.e. each 
four points on the window, the window frame, the table, the paper on the table, the VDT screen, 
and on the divider surfaces and at four sitting positions i.e. North, South, East, West). Table 6.11 
shows the average luminance values of those surfaces, in which for functionality assessment, it was 
measured on two blinds position i.e. totally opened and closed; and in the major sitting orientation 
(i.e. facing to the window). 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
As described in section 6.1., the room has a considerably low transmittance reflective glass window 
type (Tv=42%) framed by white metal aluminum and shaded with yellowish aluminum horizontal 
blinds that can transmit 0% of visible light when they were closed, and have reflectance value of 
55%. The room also has some surfaces characteristics such as a brown working table (R av. =45%), 
light grey wall (R av. = 47%), and a green rough dividers (R av. = 30%) (Figure 5. 13). 
 
Table 6.11 shows the average of room’s luminance value captured at the worker’s field of view. For 
the bare window, the highest average rooms’ luminance value was at surfaces at the East sitting 
position (614 cd/m2), the second rank was at the North sitting position (587 cd/m2), followed by 
South sitting position and the lowest was at the surfaces at the West sitting position (424 cd/m2). 
Meanwhile for the closed window, the highest average room’s luminance value was at surfaces at 
the North sitting position (27 cd/m2), followed by the surfaces at the East (25 cd/m2), and the 

 

Figure 6.13 Surrounding surfaces measured for luminance values at IKPT 
building 
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lowest was the surfaces at the West sitting position (15 cd/m2). It can be said that in both blind 
cases, the North sitting position had the highest average luminance values, while the West sitting 
position received the lowest average luminance values. 
 
If it was seen from the individual luminance value at some surfaces, it indicates that in all blinds 
cases, the highest luminance values were at the North window surfaces (i.e. 2550 cd/m2 for glass 
window surface when the blind was opened, and 83 cd/m2 for window blind surface when the blind 
was closed). Meanwhile, the lowest was received at the West dividers surfaces (i.e. 8 cd/m2 when 
the blind was opened and 4 cd/m2 when the blind was closed). Again, it can be concluded that the 
North sitting position experienced the highest luminance values whereas West sitting position 
received the lowest luminance values at individual surfaces. 
 
 
Table 6.11 Average luminance values measured at determined surfaces 

Sitting Orientation : Parallel to the Window 

Sitting Position Luminance (cd/m2) when Blinds Opened 

(Slat angle 90o) 

Luminance (cd/m2) when Blinds Closed 

(Slat angle 0o) 

Window 

glass 

Frame Divider VDT Desk Paper Avg. Window 

blind 

Frame Divider VDT Desk Paper Avg. 

North 2550 872 13 28 15 45 587 83 - 5 27 6 12 27 

South 2410 1015 11 26 11 22 583 58 - 5 9 6 8 17 

East 2040 1564 11 29 12 25 614 68 - 6 28 9 15 25 

West 2100 380 8 25 12 20 424 28 - 4 28 6 8 15 

 

 

C. Adaptability: Luminance Values and Daylight Factors  

Figure 6.14 and figure 6.15 below present the differences of luminance and DF values at surfaces 
due to the variety of blinds’ slat angles at four sitting positions (i.e. North, South, East and West), 
and at different two times (morning and noon times).  
 
It can be seen from figure 6.14, there is a variety of luminance values of surfaces measured at 10.00-
12.00 AM. The highest luminance values were in majority at window glazing surfaces in which in 
particular perception from window glazing surfaces with blinds slat angles were totally opened (90o). 
On the other hand, almost all blinds’ slat angle application yielded very low luminance values at VDT, 
paper, divider, and desk surfaces. At the most also, the values of the luminance at any surface 
increased in accordance with the wider the Venetian blind was opened. If seen from the table, it 
indicates that among different surfaces there was significant luminance values discrepancy between 
the glass surface with VDT and paper surfaces. Similar to the other three buildings, discomfort glare 
might be perceived due to this high discrepancy between the window glazing particularly when the 
Venetian blinds were totally opened and the VDT surfaces. Regarding the daylight factor values at 
the working plane, it indicates that there was no significant change of values due to the application 
of different blind slat angle. The DF decreases or increases only 1%. The DF values (0%) remained 
constant at the East sitting position. 
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Figure 6.15 Adaptability of IKPT’s blinds: average luminance values and daylight factors measured of 
north, South, East and West sitting position at some blind’s slat angles, August 25, at 01.00-
03.00 PM 
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Similar phenomena occurred for luminance and DF values measured at 01.00-03.00 PM (figure 6.15). 
In this period of time, the highest luminance values were also in majority at window glass surface 
and when the Venetian blinds were totally opened. Also there seems to have a problem of great 
discrepancy between window glass with other surrounding surfaces particularly with the VDT 
screen, paper, and desk surfaces. This will create high luminance ratios and lead to discomfort glare. 
For the DF values, it also indicates that there was no significant difference of DF values due to the 
changing of blind occlusion. The values only increased approximately 1% in accordance with the 
wider the slat angle being opened. At the North and South sitting positions, the DF values (0%) in the 
working plane remain constant.  
 
 

6.2.5. Case 5: Energy tower building 
 

A. Functionality: Daylight Factor (DF) and Daylight Factor Uniformity (DF U) 

The absolute illuminances in the working planes were measured in July 8th at 11.00 AM. As described 
in section 6.1., the room has the highest proportion of window to wall (0.80) compared to other four 
buildings. Similar to the Grha XL and IKPT buildings, the Energy Tower building façade is made from 
window with a low transmittance glass (Tv=42%), multilateral window with opaque fabric roller 
blinds in which the closed blinds can transmit only 10% of visible light (slightly lower than the 
performance of Grha XL’s window roller blinds), and room’s proportion of window height and 
room’s depth is 0.30. The results of those absolute illuminance (DF factors) value is measured at the 
whole working place with and without the use of blinds are presented in table 6.12, while the 
daylight factor profile showing the fluctuation and penetration capability of nodes located along the 
depth of the room with and without the use of blinds are presented in figure 6.16. 
 

Table 6.12 shows that from 37 nodes measured, the maximum DF value reached up to 21% for bare 
window and only 1% for window with shading closed. Similar to the above four other buildings, the 
position of nodes reached this value were mostly in the perimeter (between 0-3 meters from the 
window, at the A and 1st zones). The minimum DF value, in the case of bare window, was 0% in which 
this value was mostly experienced by nodes at more than 3 meters away from the window. 
Furthermore, this room with multilateral window placements provided an average of 5% of total 
room’s illuminance for bare windows.  It was only 0% of the average of room’s illuminance when the 
blinds were closed.   

Table 6.12 Daylight Factors (DFs) at nodes in each zone 
 

Nodes positions 

 

Façade (blind opened) Façade (blind closed) 

Distance from window (6 m interval) Distance from window (6 m interval) 

(NW)  
A B C D 

(SE) 
E 

 (NW)  
A B C D 

(SE)  
E 

 

D
is

ta
n

ce
 f

ro
m

 w
in

d
o

w
   

(3
 m

 in
te

rv
al

) 

(North-East)1 21% 15% 5% 8% 11%  1% 1% 0% 0% 0%  

2 5% 3% 2% 2% 3%  0% 0% 0% 0% 0%  

3 2% 2% 1% 1% 1%  0% 0% 0% 0% 0%  

4     2%      0%  

5     1%      0%  

6     1%      0%  

7     1%      0%  

8     1%      0%  

9     1%      0%  

10     3%      0%  

11 0% 0% 0% 0% 6%  0% 0% 0% 0% 0%  

12 8% 6% 5% 5% 13%  0% 0% 0% 0% 1%  

(South-West) 13 7% 3% 5% 4% 19%  1% 1% 0% 1% 1%  
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Note:       =  Zone A (30 nodes); DF average= 5% 

Zone A – NW; DF average = 5% 

Zone A – SE; DF average = 5% 

       = Zone B (7 nodes); DF average= 1,5% 

      = Core zone 

 

Total (37 nodes) DF average = 5% 

The drop of average DF value from Zone A to B= 3,5% 

      = Zone A; DF average= 0% 

Zone A – NW; DF average = 0% 

Zone A – SE; DF average = 0% 

      = Zone B; DF average=0%    

      = Core zone 

 

Total DF average = 0% 

The drop of average DF value from Zone A to B= 0% 

 

If the DF values were compared based on the zones, in bare window case, all sitting position in zone A 
had the average of illumination of 5%. Meanwhile, when the blinds were totally closed, those all 
sitting positions in zone A North had the average illumination of 0%. Eventually, it indicates that when 
the blinds were opened, the average of illumination value at B zone decreased by 3.5% from the 
average of illumination value at A zone.  

Furthermore, similar to the other four buildings, this building also experienced a significant 
reduction of DF values especially at perimeter nodes. The drop was considerably higher when the 
windows were opened (approximately 3,5%). This uneven illumination between the working plans at 
the perimeter and those located at the distance of 3 meters from the window occurred in all rows of 
nodes especially when the blinds were opened. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.16 Daylight penetration in each group of nodes. Facade with blind 
opened (above), with the blinds closed (below) 
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Furthermore, similar to the SCTV building, figure 6.16 shows that there might experience uneven 
illumination especially when the roller 4 blinds were totally opened. A significant reduction of DF 
value between the working plans at the perimeter and those located at the distance of 3 meters away 
from the window occurred. Though the differences of DF phenomena in this building were not as high 
as those in SCTV building, it might also produce discomfort glare caused by an excessive differences of 
light level especially when the blinds were opened. The sharp decrease of DF values can be seen from 
DF value at points stretched from the North-East to the South-West part of the room’s plan (along the 
depth of the room) when the blinds were opened. After experiencing a significant decrease and 
reaching the three meter area from the North window, the DF values continued to decrease down to 
below 4%.  Furthermore, because another window placed at the opposite side, the DF values 
increased slightly at the maximum of 5%. Similar phenomenon was also occurred when the blinds 
were closed. A significant decrease occurred at the area between 0-3 meters from the North window 
and then it continued to decrease until it reached 0% at six, nine, twelve meters from the North 
window. Furthermore, it increased slightly (only approximately 1%) until it reached the South 
window. It can be said that the valuable daylight factor could penetrate only until three meters from 
both the North and the South window.  

 

B. Functionality: Luminance Values 

The absolute luminance values were measured on July 8th  at 11 AM for a total 48 number of points 
(i.e. each four points on the window, the window frame,  the table, the paper on the table, the VDT 
screen, and on the divider surfaces and at two sitting positions i.e. North-East, and North-West). 
Table 6.2.6.2 shows the average luminance values of those surfaces, in which for functionality 
assessment, it was measured on two blinds positions i.e. totally opened and closed; and in the major 
sitting orientation (i.e. parallel to the window). 
 
As described in section 6.1., the room has a considerably low transmittance glass window type 
(Tv=42%) framed by white metal aluminum and shaded with opaque fabric roller blinds that can 
transmit 5% of visible light when the blinds were closed. The room also has its surfaces 
characteristics such as white yellowish working tables (R av. =50%), grayish walls/columns (R av. = 
40%), and white yellowish metal dividers (R av. = 50%) (Figure 6. 17). 
 

 
 
Table 6.13 shows the average of room’s luminance value captured at the worker’s field of view. For 
the bare window, the highest average room’s luminance value was at surfaces at the North-East 
sitting position (452 cd/m2), the second rank was at the South-West sitting position (333 cd/m2) and 
the lowest was at the surfaces at the North-West sitting position (142 cd/m2). Meanwhile for the 
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closed window, the highest average room’s luminance value was at surfaces at the South-East sitting 
position (176 cd/m2), followed by the surfaces at the North-East (176 cd/m2), and the lowest was 
the surfaces at the North-West sitting position (15 cd/m2).  
 
However, if it was seen from the individual luminance value at some surfaces, it indicates that when 
the blinds were opened, the highest luminance value was at the South-West window surface (1463 
cd/m2) while the lowest was at the South-West VDT screen (25 cd/m2). Meanwhile when the blinds 
were closed the highest luminance value was at the North-East window blind surface (540 cd/m2) 
while the lowest luminance value was at the North-West divider and paper surfaces (7 cd/m2 each).  
 

Table 6.13 Average luminance values measured at determined surfaces, July 8
th

, 11.00 AM 

Sitting Orientation : Parallel to the Window 

Sitting Position Luminance (cd/m2) when Blinds Opened 

(Occlusion 200) 

Luminance (cd/m2) when Blinds Closed 

(occlusion 0) 

Window 

glass 

Frame Divider VDT Desk Paper Avg. Window 

blind 

Frame Divider VDT Desk Paper Avg. 

North-East 454 45 364 37 567 1244 452 540 - 13 26 12 20 122 

South-East 326 48 112 264 125 190 178 502 - 35 236 45 62 176 

South-West 1463 110 38 25 150 210 333 30 - 74 26 8 10 30 

North-West 400 120 55 30 120 125 142 28 - 7 25 8 7 15 

 

 

C. Adaptability: Luminance Values and Daylight Factors  

Figure 6.18 and figure 6.19 present the differences of luminance and DF values at surfaces due to 
the variety of roller blinds’ occlusions at some sitting positions, work planes, and times.   
It can be seen from figure 6.18, there is a variety of luminance values of surfaces measured at 10.00-
12.00 AM. The highest luminance values at almost all roller blinds’ occlusions application and at all 
four sitting positions were at the glass surface, whereas at majority the lowest values (except at the 
South-East sitting position) were at VDT screen, divider, desk, and frame surfaces. If seen from the 
table, it indicates that among different surfaces there was significant luminance values discrepancy. 
It seems that there was a great discrepancy mostly between the window glasses with other six 
surfaces. This great discrepancy might become a source of high luminance ratio and lead to 
discomfort glare. Regarding the daylight factor values at the working plane, it indicates that there 
was no significant change of values due to the application of different roller blind occlusions. The DF 
decreased or increased only approximately 2%.  
 
Similar phenomena also occurred in the luminance and DF values measured at 01-13 PM (figure 
6.19). In this period of time, the highest luminance values were majority at window glass surface 
except at the South-West sitting position. Also there seems to have a problem of great discrepancy 
between window glass and other surrounding surfaces in which it might lead to a high luminance 
ratio. Furthermore, regarding the DF values, it indicates that there was no significant difference of 
values due to the changing of roller blind occlusion. Except at the South-West sitting position, the DF 
value can reach 14% at the 150 cm and 200 cm (totally opened) of blind occlusion. 
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Figure 6.18 Adaptability of Energy Tower’s blinds: average luminance values and daylight factors measured of 
North-East, South-East, South-West and North-West sitting position at some blind’s occlusions, 
August 24, at 10.00-12.00 AM 
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6.3. Analysis and Conclusions 
All the findings above can be concisely summarized as the following: 
(1) Façade component technology used in five case building can be classified into two groups (i.e. 

the type of glazing and type of blinds), in which each of this group is used for explaining the 
functionality of the static-window component (i.e. focused on the type of glazing) and 
adaptability of the dynamic/adaptive – interior shading component (i.e. focused on the type of 
blinds). The group can be depicted as the following: 
 
 
 
 

Figure 6.19 Adaptability of Energy Towers’ Blinds: average luminance values and daylight factors measured 
of North-East, South-East, South-West and North-West sitting position at some blind’s occlusions, 
August 24, at 01.00-03.00 PM 
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Functionality: type of static- window glazing  Adaptability: type of dynamic-interior blinds  
Group 1: 

 Tinted glazing (bare window-tinted) 

 Tinted glazing combined with perforated roller blind. 

 Tinted glazing combined with white fabric vertical blind. 

Group 1: 

 Fabric roller blind combined with reflective glazing 
     Occlusions: 0, 50, 100, 150, and 200 

 Fabric perforated roller blind combined with tinted glazing 
     Occlusions: 0, 50, 100, 150, and 200 

Group 2: 

 Reflective glazing (bare window-reflective) 

 Reflective glazing combined with white fabric roller blind. 

 Reflective glazing combined with grayish aluminum Venetian 
blind. 

Group 2: 

 Metal Venetian blind  combined with reflective glazing 
Slat angles 0o,45 o,90 o,135 o 

 Group 3: 

 Fabric vertical blind combined with tinted glazing 
Slat angles 0o,45 o,90 o,135 o 

 
(2) From the findings, it shows that not only using technological approach, for modifying the 

climate (i.e. day lighting), the five case buildings using also combined strategies i.e. technology 
(glazing and interior shading) and architectural approach (window size, orientation and 
placements, as well as plan ratio). 

(3)  The performance of those combined façade technology and architectural attributes  of the five 
case buildings can be summarized as the following: 

 
Table 6.14 Matrix of existing façade performance 
 

Matrix of Façade Technologies 
Performance 

Functionality Adaptability 

Average in the room Average at specific working planes 

DF  
Levels 
Values 

value 

DF 
penetra

tion  
( ≤2%) 

Luminance values 
Among orientation 

10.00-12.00 AM 01.00-03.00 PM 

The 
highest  

The 
lowest 

Luminance 
values 

DF levels 
value 

Luminance 
ratios 

DF 
levels 
value 

A
p

p
lie

d
 F

aç
ad

e 
T

ec
h

n
o

lo
g

ie
s 

P
er

fo
rm

an
ce

 

SC
TV

   

Tinted glass (Tav= 0.75) 11% 3m 114 (E) 77 (N) Lowest: 
VDT  

Highest: 
Glass  

2%-5% 

Lowest: 
VDT  

Highest: 
Glass  

2%-9% Combination tinted glass & white 
perforated roller blind (Tav=0.30, 
Rav= 0.65). 

2% 2m 121(W) 128(N) 

Ja
m

so
st

e
k Tinted glass (Tav=0.63) 2% 2m 113(W) 73(S) Lowest: 

VDT  

Highest: 
Glass  

2%-7% 

Lowest: 
VDT  

Highest: 
Glass  

2%-13% Combination tinted glass & white 
fabric vertical blind (Tav=0.20, 
Rav=0.70) 

0% 0m 42(W) 38(S) 

G
rh

a 
X

L 

Reflective glass (Tav=0.42) 4% 4m 121(N) 107(N) Lowest: 
VDT, blind 

Highest: 
Glass  

1%-3% 

Lowest: 
VDT, blind 

Highest: 
Glass  

1%-3% Combination Reflective glass & 
light grey fabric roller blind 
(Tav=0.15, Rav=0.30) 

0% 2m 118(S) 93(S) 

IK
P

T 

Reflective glass (Tav=0.42) 1% 3m 624 (E) 583(S) Lowest: 
VDT  

Highest: 
Glass 

0%-2% 

Lowest: 
VDT  

Highest: 
Glass 

0%-1% Combination Reflective glass & 
yellowish painted aluminum 
horizontal blind (Tav=0, Rav= 55) 

0% 0m 15(W) 27(N) 

En
e

rg
y 

 Reflective glass (Tav=0.42) 5% 3m 452 (NE) 176(NE) Lowest: 
VDT  

Highest: 
Glass 

0%-14% 

Lowest: 
VDT  

Highest: 
Glass 

0%-3% Combination Reflective glass & 
grayish semi-opaque roller blind 
(Tav=0.05, Rav=0.10) 

0% 0m 142(NW) 15 (NW) 

Note: the red numbers are the highest values 

 

Table 6.14 shows that in regard to the façade functionality, wide full-glass windows component were 
mostly capable to provide high daylight level in the room. From the two groups of glazing types, 
group 1 (tinted glass type window) gave higher average daylight factor values in the room compared 
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to group 2 (reflective glass window type). Regarding the penetration capability, it was found that 
both groups of glazing types used yielded very high daylight intensity in the perimeter and very low 
of that in the depth of the room. There was also evidence that the large glass window did not 
guarantee the deeper daylight intensity penetration. In average, the useful daylight intensity was 
only available until three meters from the window. Further, findings show that all the window glass 
types and in combination with all shadings at all variable of window positions and placements 
contributed to average of surfaces’ luminance values in the range of 30 cd/m2 and 500 cd/m2. 
However, it is interested that the window glass components seemed to be as glary surfaces since 
they emitted considerably very high absolute luminance values (i.e. more than 500 cd/m2). 
 
In regard to the facade adaptability, all blinds types applied in their variety of occlusions and slat 
angles provided luminance value also in the range of 30 cd/m2 and 500 cd/m2 and daylight factor 
values were ranged from 2% to 13%. Finally, both two different glass types contributed to the 
lowest average luminance value of surfaces in which in majority it provided by VDT screen, and the 
highest average of luminance value of surfaces in which it yielded by the window glass surface.  
 
It can be concluded that for modifying outdoor climate into the desired indoor climate, the current 
applied façade of the five case buildings are relied essentially on material/technology of the façade’s 
components. This is in accordance with Hyde’s building façade classification. This is the strategy of 
the thin-skin façade classification.  In Indonesia, this type of facades has first a considerable large 
glazing area, with moderate visible transmittance type of glazing (i.e. tinted or reflective glass); 
secondly the windows are mostly covered by interior blinds (i.e. Venetian/horizontal, vertical, and 
roller blinds) for excluding direct sunlight; and thirdly the window are placed either bilaterally or 
multilaterally at variable orientations. In addition, besides those façade components’ technology, the 
buildings have its architectural characteristics. They are in majority built in moderate plan ratio and 
interior surfaces reflectance value except the ceiling that had considerably high reflectance value.  
These facades’ attributes are potentially contributed to some daylight and visual comfort problems. 
As indicated in the above analysis, problems that might occur are insufficiency of daylight intensity, 
daylight penetration and distribution, and glare particularly from the window. Thus, further 
discussion is aimed to evaluate this thin-skin category of the façade technology which is built in 
humid tropics climate whether its functionality and adaptability performance of these façade’s 
components meeting the office users’ requirements. 
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PART TWO: CHAPTER 7 
The Rate of Accomplishment of OBF in HTCs in Meeting the Users’ 

Requirements 
 
 

7. Introduction  
The chapter highlights the field measurements 
results and analysis in order to gain insight on the 
extent to which the current façade components 
technologies applied are functional and adaptive 
to the occupants’ requirements on daylight and 
visual comfort performance for working activities. 
For that purpose the functionality variables of the 
façade’s components (i.e. glass window type, 
placements, and blinds type) and the adaptability 
variables (i.e. blinds type in their different 
occlusions or slat angles) were analyzed in terms of 
their performance towards the visual performance 
and comfort variables (i.e. daylight factor value for 
identifying daylight intensity and penetration 

capability and luminance value for identifying glare occurrence). Using a number of visual 
performance and comfort standards that had been determined based on the users’ activity 
requirements, those values were compared and analyzed in order to gain insight on the extent to 
which the existing façade attributes meeting the standard requirements of the office building users 
in HTCs. Taking into account also the characteristics of the facade and interior attributes applied, the 
daylight factors, luminance values and luminance ratios performances were analyzed by indicating 
the discrepancies between the existing performance and the standards. It was concluded by 
describing general state of façade technology attributes applied and the extent to which these 
attributes of five office building façade technologies either met or did not meet the users’ 
requirements.  

 

7.1.  The Rate at which the Current OBFs had met the Users’ Requirements   
The rate at which the current OBFs had met the users’ requirement in terms of its functionality and 
adaptability was analyzed using a number of standard performance parameters. As being described 
in chapter 3, those parameters to assess the functionality performance of the façade are daylight 
factor (DF) level and daylight penetration as well as the luminance ratios due to both the glass type 
(measured as a bare window) and the combination between the glass type and the blinds type 
(measured as a fully shaded window). For assessing the adaptability, the parameters used are the 
luminance ratios due to variability of the blinds’ slat angles and occlusions. Tables and figures are 
presented for depicting the rate at which the façade applied in each case building has met the 
standards or the users’ requirements by means of comparing the daylighting and visual comfort 
performance of the existing case buildings’ façade with the standards that had been determined as 
manifestations of the users’ activity requirements.  
Due to the uniqueness of every building case in which it has different façade attributes and room’s 
characteristics, the description of daylighting and visual comfort performance of those building case 

 



Office Building Facades  for Functionality and Adaptability in Humid Tropical Cities: 

Multi-Case Study of Office Buildings in Jakarta Indonesia. 

115 
 

is accordingly discussed individually. However, at the end of the discussion, the conclusion will 
present the general rate of all building case’s façade technology whether they met the users’ 
requirements. 
 

7.1.1. Case 1: SCTV tower building  
As reminding, the physical attributes of this case building’s façade and room are multilateral window 
placement in which the windows are placed at North, East and West part of the building plan. The 
façade itself consists of considerably high transmittance of tinted glass (Tv=75%) and shades by 
white perforated fabric interior roller blind that can transmit 30% of visible light when it is closed. 
The room has its proportion of window height and room’s depth of 0.28. The façade attributes (i.e. 
tinted glazing type and combination tinted glazing and perforated roller blind type) are evaluated to 
see the rate of their function (i.e. indicated by average DF values and penetration, as well as 
luminance value in the room), the other attributes (perforated roller blinds’ occlusions embedded in 
that tinted glazing) are used for identifying the rate of façade’s adaptability (i.e. indicated by 
luminance ratios) performances.  

 

A. Functionality: Daylight Factor (DF) and Daylight Penetration 

Whether the extent of which those physical attributes of the façade, as the major concern in 
providing daylight and visual comfort performance in the working space, have met the standard 
required, are depicted by the following tables and figures. Table 7.1 and figure 7.1 present 
daylighting (DF) level performances at nodes across the working space, while figures 7.2 and 7.3 
show the penetration capability of the daylight across the space. 
 
It can be seen from table 7.1 and figure 7.1, the multilateral tinted window glass contributes mostly 
to considerable high DF levels especially at the perimeter (zone A) and low DF levels at the inner 
space (zone B). If it is seen from table 7.1 (left), except the eastern part of the space, the multilateral 
tinted window glass provides too bright (over the standard requirement) DF levels especially nodes 
located at western and northern perimeter. Total of 14 nodes (out of 36) at this area receive DF level 
for over 5%. Conversely, at the inner part of the space, similar numbers of nodes (14 out of 36) 
receive DF level below 2%. It means that in the inner space, the daylight is considered too dark for 
conducting major office works activities. However, if it is seen from the average of DF across the 
room, the tinted glass applied in this building contributed to far too bright daylight (6% higher than 
that of maximum recommended standard). Moreover, as being identified from the significant drop 
of average DF levels between perimeter and inner areas which the decrease is considerably high 
(16,4%), the room experiences uneven distribution of daylight. This may create problem of transient 
adaptation. The figure also supports the argument of uneven distribution due to the glass type 
applied. The figure shows that 39 % of the nodes receive too bright daylight level, 14% of nodes 
receive too dark daylight level, and 22% of the nodes receive sufficient daylight for working 
activities. From those data, it can be concluded that this multilateral tinted glass window provides 
uneven distribution as well as a majority of too bright daylight level especially at the perimeter (zone 
A).  
 
Table 7.1 (right) shows DF levels across the space due to combination of tinted glass and the white 
perforated roller blind in multilateral window. This combination of façade technology yields more 
even distribution than the tinted glass per se. Although the distribution is more even (the drop of 
average DF between the perimeter (zone A) and the inner space (zone B) was only 4%), still this 
combination of façade technology provided a majority (78% nodes) low level of DF. Other 
performance is that the totally closed white perforated roller blind applied is capable to decrease 
too high DF level at perimeter and reach 6% of nodes received sufficient DF level (figure 7.1).  
However, this performance is still far below the standard requirement in which the sufficient DF 
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level should be received at least 30% of nodes. Also, better performance than the use of tinted glass 
per se, if it is seen from the average of DF across the room, the combined façade technologies 
applied in this building contributed to considerable sufficient daylight level (2% of DF). From those 
data, it can be concluded that though this multilateral combination of tinted glass and the totally 
closed white perforated roller blind provide majority dark visual environment for working at the 
inner space nodes (zone B), the perforated roller blind can be considered to be applied at building in 
HTCs since it can both decrease too bright DF level in the perimeter significantly without impeding 
the required daylight level received both at the perimeter area as well as at the majority of working 
area. 
 
 Table 7.1 SCTV’s Daylight Factors (DF’s) distribution at all nodes position  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Figure 7.2 presents DF profile showing penetration capability of those DF values across the room due 
to the use of tinted glass. It is observed that the average of DF values (11%) are higher than the 
maximum standard of DF. However, the DF distribution across the width of the space (North to 
South) is also poor. It can be seen from this table that the DF values at row 1 (0 m from the window) 
is higher than the maximum standard of 5%, but it falls far lower than the minimum standard DF of 
2% at row 2 (3 meters from the window) where just at the majority of work planes take place. The 
acceptable daylight values (DF values 2%-5%) seem to be received at the area less than 3 meters (i.e. 
1.5-2.5 meters) from the window. Hence, it is apparent that the glass yields the sufficient DF values 

Figure 7.1 Percentage of SCTV’s nodes meeting the standard of DF 
Value 
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only in window’s vicinity and fails to achieve minimum penetration standard (at least 5 meters from 
the window).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Furthermore, figure 7.3 above presents DF profile showing penetration capability of DF values across 
the room due to the use of combination of tinted glass and perforated white roller blind. It is 
observed that due to the use of that shading device, the average DF values decreases. It reaches the 
minimum standard of DF value (2%). However, compared to DF distribution of the tinted glass, the 
distribution of the combination between tinted glass and perforated roller blind contributes to 
better uniformity across the width of the space (North to South). The acceptable daylight values (DF 
values 2%-5%) seem to be received at rows placed at 0.5-2 meters from the window. Hence, still it is 
apparent that the combined tinted glass and perforated roller blind yields acceptable DF values only 
in window vicinity in which it is failed to achieve minimum penetration standard (at least 5 meters 
from the window).  

It can be concluded that though the combined technology of tinted glass and the perforated roller 
blinds succeeds to reach an average of accepted minimum DF level, both technologies applied i.e. the 
tinted glass and the combination between tinted glass and perforated roller blind are considered 
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failed to meet the requirement of sufficient daylight level for working activities since none of this two 
façade technologies meeting the required standard of DF in minimum standard area of 30%. In 
addition, both the tinted glass and the combination glass and blinds are failed to meet the 
requirement of evenly distribution of DF since these both façade technologies contributed only to less 
than 5 meters of the acceptable DF level penetrates the room.   

 

B. Functionality: Luminance Values and Ratio 

It can be seen from table 7.2, the average luminance of the room due to the application of tinted 
glass as well as combined tinted glass and perforated roller shading, at all sitting positions (North, 
West, and East) are considered acceptable (not too dark and not too bright). The tinted glass 
contributed to average luminance value of surfaces at South sitting position of 73 cd/m2, while 113 
cd/m2 for surfaces measured at West sitting position. The combined tinted glass and the combined 
tinted and vertical shading provide 77 cd/m2 at North sitting position, 82 cd/m2 at West sitting 
position, and 114 cd/m2 at east sitting position. If it is seen from that average room’s luminance 
values, it can be said that the room has considerably acceptable comfort since the average 
luminance value of the room does not exceed 500 cd/m2 and not lower than 30 cd/m2 as the 
minimum acceptable luminance value for office building.  
Though there is no values exceeded the maximum value of 500 cd/m2, there are some surfaces 
having below the minimum acceptable value of 30 cd/m2, such as the North and West dividers 
surfaces  (7 and 5 cd/m2 respectively) and the North desk and paper surfaces value (18 cd/m2) when 
the blinds are opened. It indicates that some surfaces are difficult to see since these have low 
surface brightness (too dark). It can be concluded that in average the room has acceptable 
brightness room quality to support comfort working, however at some individual surfaces, the 
tinted glass as well as the combined tinted glass and perforated roller blind may contribute to dark 
surfaces. 
 
 

Table 7.2 SCTV’s average luminance values measured meeting and not meeting the standard at determined 
surfaces when the blinds were opened and closed, July 7

th
, at 01.00 PM 

Sitting Orientation : Parallel to the Window 

Sitting Position Average Luminance (cd/m2) when Blinds Opened  

(occlusion 200) 

Average Luminance (cd/m2) when Blinds Closed  

(occlusion 0) 

Window Frame Divider VDT Desk Paper Avg. Window Frame Divider VDT Desk Paper Avg. 

North 250 84 7 85 18 18 77 230 122 62 85 85 140 121 

West 256 76 5 85 42 25 82 235 146 68 83 87 151 128 

East 254 101 82 85 72 92 114 232 138 62 83 92 149 126 

Percentage (%) average not meeting 0       0 

Notice: red numbers indicate under or exceed recommended acceptable values 

 

 

C. Adaptability: Luminance Ratio and Daylight Factor  

In this case building, the luminance ratios between the major task (computer task) and surrounding 
surfaces due to five different applications of blind’s occlusions (i.e. 0, 50, 100, 150, and 200) are 
studied for seven possible viewing directions in the room (i.e. to VDT, paper, table, divider, window 
glass, blind, and frame) and for three sitting positions (i.e. North, East, and West) as well as for two 
ranges of time (i.e. 10.00-12.00 AM and 01.00-03.00 PM). 
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Table 7.3 expresses the luminance ratios and daylight factor values in which those that have failed to 
meet the requirements are notified by colors. Figures 7.4 and 7.5 depict the percentage of 
luminance ratios and daylight factors values which failed to meet the requirements (surrounding 
surfaces are either brighter or darker compared to the task surfaces and the daylight factor at the 
work plane are too bright or too dark for office works) in the morning time (10.00-12.00), while 
figure 7.6 and 7.7 depict the percentage of luminance ratio and daylight factor at noon time (13.00-
17.00). 

 
 
Table 7.3 SCTV’s luminance ratios of surfaces and DF levels below or above requirement, at specific times 

(10.00-12.00 AM (above); 01.00-03.00 PM (below)), occlusions and sitting positions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 122 5 2% 138 1 2% 110 4 2%
Glass
Blinds 230 9 232 2 235 9

VDT 26 1               116 1                  26 1
Paper                  20 1                  65 1                  20 1
Devider                  62 2                  62 1                  68 3
Desk                  85 3                  92 1                  87 3
Room Ave                  91 118              91

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe               135                    5 2% 135 5 3% 110 4 3%
Glass -               
Blinds 230 8                  235 8 242 9

-               
VDT                  28 1                                   30 1                  28 1
Paper                  20 1                                   62 2                  20 1
Devider                  55 2                                   45 2                  55 2
Desk                  70 3                                   70 2                  71 3
Room Ave 90 96 88

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 135 2 2% 140 3 3% 140 5 4%
Glass 270 5 272 5 270 10
Blinds 240 4 242 4 250 9

VDT                  55 1                  55 1                  27 1
Paper                  64 1                  71 1                  60 2
Devider                  56 1                  60 1                  62 2
Desk                  68 1                  70 1                  68 3
Room Ave 127 130 125

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 115 3 3% 125 4 4% 95 3 5%
Glass 295 9 290 10 340 11
Blinds 255 8 255 9 325 11

VDT 34 1                  30 1                  30 1
Paper 70 2 80 3 71 2
Devider 60 2 62 2 68 2
Desk 75 2                  75 3                  71 2
Room Ave 129 131 143

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 84 2 3% 101 2 3% 76 3 4%
Glass 290 8 295 5 360 12
Blinds

VDT 37 1                  55 1                  30 1
Paper 71 2                  80 1                  70 2
Devider 67 2                  70 1                  70 2
Desk 72 2                  72 1                  62 2
Room Ave 104 112 111

East

North East

West

Occlusion 150

Occlusion 200

North East

North West

SCTV 10.00-12.00 AM
Occlusion 0

Occlusion 50

Occlusion 100

North East

West

West

West

North

East
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Note:      : Luminance ratios not meeting the requirement 
   : DF levels not meeting the requirement 

 

From the table 7.3 and figures 7.4, it can be seen that in the morning time, 150 and 200 cm of roller 
blind’s occlusions at west sitting position provide 30% and 16% of surfaces having luminance ratios 
brighter (exceeded than the recommended ratio) than VDT surfaces, whereas there is no surface 
having luminance ratio darker than the VDT surface. In this measured time, the DF values measured 
three sitting positions shows that all sitting positions experience sufficient daylight level for working 
with computer. It indicates that the perforated roller blinds applied in SCTV building provides good 
performance of both luminance ratio and daylight intensity for working with computers in the 
morning time. 

 
 

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 120 5 2% 120 4 2% 115 3 2%
Glass
Blinds 230 9 230 8 230 7

VDT 26 1 30 1 35 1
Paper 20 1 85 3 85 2
Devider 62 2 65 2 71 2
Desk 115 4 115 4 205 6
Room Ave                  96 108              124              

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 135                    5 2% 130 4 4% 105 3 4%
Glass -               
Blinds 230 8                  235 8 250 8

-               
VDT 30 1                  29 1 31 1
Paper 35 1                  62 2 40 1
Devider 58 2                  58 2 52 2
Desk 100 3                  120 4 122 4
Room Ave 98 106 100

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 135 5 3% 140 5 4% 120 4 4%
Glass 250 8 270 9 280 8
Blinds 244 8 278 10 276 8

VDT 30 1 29 1 33 1
Paper 60 2 72 2 80 2
Devider 58 2 65 2 67 2
Desk 68 2 70 2 90 3
Room Ave 121 132 135

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 213 6 3% 180 6 5% 95 3 7%
Glass 270 8 287 10 298 10
Blinds 255 8 256 9 278 9

VDT 34 1                  30 1                  30 1
Paper 60 2 75 3 85 3
Devider 60 2 62 2 68 2
Desk 75 2 75 3 100 3
Room Ave 138 138 136

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 84 2 3% 100 3 6% 96 3 9%
Glass 330 9 345 12 350 12
Blinds

VDT 37 1                  30 1                  30 1
Paper 70 2 80 3 80 3
Devider 67 2 88 3 88 3
Desk 85 2 90 3 100 3
Room Ave 112 122 124

Occlusion 150
North East West

Occlusion 200
North East West

Occlusion 50
North East West

Occlusion 100
North East West

SCTV 01.00-03.00 PM
Occlusion 0

North East West
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As seen from table 7.3 as well as figures 7.5, similar luminance ratio phenomena in the morning time 
also experienced this in the afternoon time. It indicates that in the East and West sitting positions 
when the blinds are totally opened (occlusions=200cm), the surrounding surfaces (17%) have 
luminance values brighter (exceeded the recommended luminance value) than the VDT surface. In 
respect to the daylight intensity, figure 7.6 shows that the perforated roller blind in majority 
contributes to too dark intensity (73%) for working with the computer. The in-sufficient daylight 
intensity is experienced by the blinds only when they are opened at 150 and 200 cm, particularly at 
West sitting position. From these facts, it can be concluded that the perforated roller blind with its 
occlusions provides considerably good performance in both avoiding discomfort glare and providing 
sufficient daylight intensity in the working plan. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.4 Percentage (%) of luminance ratios between the VDT task and the surrounding surfaces at specific blind’s 
occlusion conditions which failed to meet the requirements, August 18

th
, at 10.00-12.00 AM 

 

Figure 7.5 Percentage (%) of luminance ratios between the VDT task and the surrounding surfaces at specific blind’s occlusion 
conditions which failed to meet the requirements, August 18

th
, at 01.00-03.00 PM 
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7.1.2. Case 2: JAMSOSTEK building  
As reminding, the physical attributes of this case building’s façade and room are almost similar to 
SCTV’s building. It has bilateral window placement in which the windows are placed at South and 
West part of the building plan. The façade itself consists of considerably high transmittance of tinted 
glass (Tv=63%) and shades by white fabric interior vertical blind that can transmit 20% of visible light 
when it is closed. The room has its proportion of window height and room’s depth of 0.18 (a bit 
smaller than SCTV’s building). In this case building, the façade attributes (i.e. tinted glazing type and 
combination tinted glazing and white vertical blind type) are evaluated to see the rate of their 
function (i.e. average DF values and penetration in the room), meanwhile the interior shading 
attributes (i.e. variable vertical blinds’ occlusions embedded in that tinted glazing) are evaluated for 
seeing the rate of façade’s adaptability (i.e. luminance ratios) performances.  

 

A. Functionality: Daylight Factor (DF) and Daylight Penetration 

Table 7.4 and figure 7.7 present daylighting (DF) level performance at nodes across the working 
space, while figure 7.8 and 7.9 show the penetration capability of the daylight across the space. 
 

It can be seen from the table 7.4 and figure 7.7, the bilateral tinted window glass contributes mostly 
to considerable low DF level zone B. Different from SCTV’s Daylight Factor profiles, Jamsostek’s 
profiles show a bit lower of the maximum DF values. From 33 nodes measured, the maximum DF 
reaches only up to 18% for window without blinds and 2% for window with blinds. Similar to SCTV’s, 
the position of nodes that reach these values are mostly in the perimeter (area near the window) and 
located in south-east part of the space (G row nodes). This room with bilateral window placements 
provides an average of 2% of DF for window without blind (tinted glass window) and 0 % for window 
with blind (combined tinted glass and Venetian blinds). From the average figures, they reveal that 
most of the working plans are insufficiently day-lit. In addition, figure 7.7 shows that only 21% of 
working plans have sufficient light level when the blinds are opened, while only 3% of the nodes fulfill 
the required light level when the blinds are closed. In the case of window without blinds, the 
sufficient light level penetrates only less than 3 meters from the window.  

 
 

Figure 7.6 DF levels at the working plane at specific blind’s occlusion conditions (left) and percentage (%) of DF levels 
(right), which failed to meet the requirements, August 18

th
, at 01.00-03.00 PM 
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Table 7.4 JAMSOSTEK’s Daylight Factors (DF’s) distribution at all nodes position, June 30
th

 at 11.00 AM 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Furthermore, the figures 7.8 and 7.9 show that there is uneven illumination, particularly at G and H 
column. Significant reduction of DF value (approximately 10% drop of DF for window without blind 
and 1% drop of DF for window with blinds) between the working plans at the perimeter and those 
located at the distance of 3 meters from the window occurred. Though this phenomenon in this 
building is not as high as that in SCTV building, it may also produce discomfort glare caused by an 
excessive differences of light level especially when the blinds are opened.  

From daylight level and distribution/penetration performance, it reveals that the tinted glass and 
combination tinted glass with white fabric vertical blind provide poor performance of meeting the 
daylight level requirement for working activity. Similar to the SCTV’s building, the sufficient DF value 
only penetrates until less than 3 meters from the window. Hence, it is apparent that the façade’s 
technology yields sufficient DF values only in window’s vicinity and fails to achieve minimum 
penetration standard (at least 5 meters from the window). 

 
 

Figure 7.7 Percentage of nodes meeting the standard of DF value 
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It can be concluded that though the tinted glass succeeds to reach an average of accepted minimum 
DF level, both technologies applied i.e. the tinted glass and the combination between the tinted glass 
and the vertical blind are considered failed to meet the requirement of sufficient daylight level for 
working activities since none of this two façade technologies meet the required standard of DF in 
minimum standard area of 30%. In addition, similar to the SCTV’s building, both the tinted glass and 
the combination of tinted glass with vertical blind are failed to meet the requirement of evenly 
distribution of DF since these both façade technologies contributed only to less than 5 meters of 
acceptable DF level penetrates the room.   
 

B. Functionality: Luminance values 

It can be seen from table 7.5, the average luminance values of the room due to the application of 
tinted glass and combined tinted glass and vertical shading, both at South and West sitting position 
are considered acceptable (not too dark and not too bright). The tinted glass contributes to average 
luminance value of surfaces at South sitting position of 73 cd/m2, while 113 cd/m2 for surfaces 
measured at West sitting position. The combined tinted glass and the combined tinted and vertical 
shading provides 38 cd/m2 at South sitting position and 42 cd/m2 at West sitting position.  

 

Figure 7.8. Daylight Factor Profile of Jamsostek’s Tinted Window  

 

 

Figure 7.9 Daylight factor profile of Jamsostek’s tinted window combined with vertical blind  
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Table 7.5 Jamsostek’s average luminance values measured meeting and not meeting the standard at 

determined surfaces, June 30
th

, at 11.00 AM 

Sitting Orientation : Parallel to the Window 

Sitting Position Luminance (cd/m2) when Blinds Opened 

(slat angle 90
o
) 

Luminance (cd/m2) when Blinds Closed 

(slat angle 0
o
) 

Window Frame Divider VDT Desk Paper Avg. Window Frame Divider VDT Desk Paper Avg. 

South 155 45 16 88 72 63 73 65 50 13 80 20 1 38 

West 197 65 46 85 137 146 113 70 70 7 83 23 1 42 

Percentage (%) average not meeting 0       0 

Notice: red numbers indicate under or exceed recommended acceptable values 

 
Though there is no values exceeded the maximum value (>500 cd/m2), there are some surfaces 
having below the minimum acceptable luminance value (<30 cd/m2), such as the South dividers 
surfaces when the blinds are opened (16 cd/m2), as well as South and West dividers (13 and 7 
cd/m2), desks and papers surfaces (1 cd/m2 each) when the blinds are closed. However, it can be 
considered that the room has acceptable brightness room quality to support comfort working.  
 
 
C. Adaptability: Luminance Ratio and Daylight Factor  

 
Table 7.6 Luminance ratio of surfaces and DF level below or above requirement at specific times (10.00-

12.00 AM (left); 01.00-03.00 PM (right)), slat angles and sitting positions 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:      : Luminance ratios not meeting the requirement 
                : DF levels not meeting the requirement 

 

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 2% 3%
Glass
Blinds 157 5 242 8

VDT                  30 1                  33 1
Paper                  74 2                  83 3
Devider                  80 3                  80 2
Desk               121 4               105 3
Room Ave                  54 66

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe               155                    6 5% 402 11 2%
Glass               671 24                1129 31
Blinds               356 13                403 11

VDT                  28 1                                   36 1
Paper                  74 3                                142 4
Devider                  86 3                                   99 3
Desk               154 5                                147 4
Room Ave 217 337

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 125 5 7% 388 11 2%
Glass 566 21 1076 30
Blinds 277 10 378 11

VDT                  27 1                  36 1
Paper                  70 3               203 6
Devider               113 4               104 3
Desk               190 7               196 5
Room Ave 195 340

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 4% 5%
Glass
Blinds 141 5 266 8

VDT 31 1                  35 1
Paper 55 2               168 5
Devider 140 5               123 4
Desk 149 5               154 4
Room Ave 74 107

Slat Angle 90

South West

Slat Angle 135
South

South West

West

JAMSOSTEK 10.00-12.00 AM
Slat Angle 0

South West

Slat Angle 45

 

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 2% 7%
Glass
Blinds 157 5               596 18

VDT                  31 1                  33 1
Paper               160 5               582 18
Devider               156 5               341 10
Desk               209 7               528 16
Room Ave               149               297 

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 155 5 3% 1,017          30                7%
Glass               671 20               876 26                
Blinds               356 10               933 27                

VDT                  34 1                  34 1                  
Paper               175 5               287 8                  
Devider               203 6               164 5                  
Desk               143 4               214 6                  
Room Ave               497               503 

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 125 4 4% 1,005          28                9%
Glass 566 17            1,351 38                
Blinds 277 8               703 20                

VDT                  33 1                  36 1
Paper               243 7               265 7
Devider               258 8               249 7
Desk               148 4               322 9
Room Ave               370               562 

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 3% 13%
Glass
Blinds 141 5               557 15

VDT                  31 1                  38 1
Paper               222 7               355 9
Devider               245 8               467 12
Desk               120 4               672 18
Room Ave               157               298 

South West

Slat Angle 135
South West

Slat Angle 90

South West

Slat Angle 45
South West

JAMSOSTEK 01.00-03.00 PM
Slat Angle 0
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In this case building, the luminance ratios between the major task (computer task) and the 
surrounding surfaces due to four different applications of blind slat angles (i.e. 0, 45, 90, and 135) 
are studied for seven possible viewing directions in the room (i.e. to VDT, paper, table, divider, 
window glass, blind, and frame) and for two sitting positions (i.e. South and West) as well as for two 
ranges of time (i.e. 10.00-12.00 AM and 01.00-03.00 PM). 
 
Table 7.6 expresses the luminance ratios and daylight factor values in which those failed to meet the 
requirements are notified by colors. Figures 7.10 and 7.11 depict the percentage of those luminance 
ratios and daylight factors values which failed to meet the requirements (surrounding surfaces are 
either brighter or darker compared to the task surfaces and the daylight factor at the work plane are 
too bright or too dark for office works) in the morning time, while figures 7.12 and 7.13 present the 
percentage of luminance ratios and daylight factor whether it meets the standard at the afternoon 
time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.10 Percentage (%) of luminance ratios between the VDT task and the surrounding surfaces at specific 
blind’s slat angle conditions  which failed to meet the requirements, August 31, at 10.00-12.00 AM 

 

Figure 7.11 DF levels at the working plane at specific blind’s slat angle conditions (left) and percentage (%) of DF levels 
(right), which failed to meet the requirements, August 31, at 10.00-12.00 AM 

 



Office Building Facades  for Functionality and Adaptability in Humid Tropical Cities: 

Multi-Case Study of Office Buildings in Jakarta Indonesia. 

127 
 

From the table 7.6 and figure 7.10, it can be seen that in the morning time, almost all of Jamsostek’s 
vertical blind occlusions provides the majority of surrounding surfaces (70%) brighter luminance 
ratios than VDT surface, except when the blind is totally closed. The highest luminance ratios 
between the surrounding surfaces and the VDT screen are in majority experienced by both South 
and West sitting positions when the blinds’ slat angle are opened at 45o and 90o (totally opened). In 
this measured time and regarding the DF values, figure 7.11 shows that the DF values measured at 
two sitting positions are in majority too dark (63%) for computer and paper based task, except the 
DF values at East sitting position when the blinds are opened at 45o and 90o. It indicates that the 
vertical blind applied in Jamsostek’s building provides moderate performance of both luminance 
ratios and daylight intensity for working with computers in the morning time. 
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As seen from table 7.6 as well as figures 7.12 and 7.13, similar luminance ratio phenomena in the 
morning time was also experienced in the afternoon. Even worse than in the morning time, it 
indicates that in the South and West sitting positions when the blinds were operated at all slat 
angles positions, the luminance values of the surrounding surfaces were all brighter (exceeded the 
recommended luminance value) than the VDT surface. In respect to the daylight intensity, the 
vertical blind in majority contributed to too bright intensity (50%) for working with the computer at 
West sitting position, while sufficient DF intensities occurred in the area of South sitting position.  
 
From these facts, it can be concluded that the vertical blind with its slat angles provided poor 
performance in avoiding discomfort glare but medium performance in providing sufficient daylight 
intensity in the working plan in the noon time. 

 

 

7.1.3. Case 3: Grha XL building  
A. Functionality: Daylight Factor (DF) and Daylight Penetration 

The absolute illuminances in the working planes were measured in same date as SCTV (July7th) but at 
different time (11 AM). Similar to other buildings, the daylight factor (DF) values were processed 
using Microsoft-excel program. As described in section 7.1., similar to SCTV and Jamsostek buildings, 
the room has a three-fourth of its façade made from window glass but different from those two 
buildings, this building has a low transmittance glass (Tv=45%).  The bilateral window was equipped 
with fabric roller blinds that could transmit 20% of visible light when they were closed, and room’s 
proportion of window height and room’s depth was 0.27 (about the same as SCTV building). The 
results obtained for nodes in the same row along the depth of the room without and with the use of 
blinds are presented in table 7.7 as well as figures 7.15 and 7.16 below: 
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The above table and figures show that from 35 nodes measured, the maximum of DF value are 35% 
for window without blinds and only 3% for window with closed shading. Similar to the SCTV and 

Figure 7.16 Daylight profile of Grha XL’s reflective glass window combined with roller blind  
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Jamsostek buildings, the positions of nodes reached these values are mostly in the perimeter but 
slightly different from those two buildings, the highest values were located in the middle row of the 
space (C row nodes). This room with bilateral window placement type provides an average of 4% of 
DF for window without blind and 0 % for window with blind. Not only the average the working plans 
are insufficiently day-litted, figure 7.14 shows that only 20% of working plans have sufficient light 
when the blinds are open and 11% of working plans received sufficient level of DF when the blinds 
are closed. It is below the minimum standard of 30% of working plans that should meet the required 
light level for working. In addition, similar to the other two above buildings, the sufficient light level 
required could penetrate only to less than 3 meters from the window.  
 
Furthermore, as seen in figures 7.15 and 7.16, similar to SCTV building, this building also experienced 
uneven illumination. A significant reduction of DF value was slightly higher than SCTV and Jamsostek 
buildings when window’s blinds were opened (approximately 30%) but lower than those two 
buildings when the window’s blinds were totally closed (2%). This uneven illumination between the 
working plans at the perimeter and those located at the distance of 3 meters from the window 
occurred in all rows of nodes. 
 

B. Functionality: Luminance values 

It can be seen from table 7.8, the average luminance of the room due to the application of reflective 
glass and combined reflective glass and white roller shading, at all sitting positions (at North and 
South) were considered not too dark and not too bright (acceptable). The reflective glass 
contributed to average luminance value of surfaces at North sitting position of 121 cd/m2, while 107 
cd/m2 for surfaces measured at South sitting position. Meanwhile, the combined reflective and 
vertical shading provided 118 cd/m2 at North sitting position and 93 cd/m2 at South sitting position. 
Hence, if it was seen from that average room’s luminance values, it can be said that the room had 
considerably acceptable comfort brightness since the average luminance value of the room did not 
exceed 500 cd/m2 as CIBSE (1994) and Perry (1993) recommended and also not lower than 30 cd/m2 
as the minimum acceptable luminance value for office building as Loe, Mansfield & Rowlands (1994) 
suggested. Other superiority of this kind of glass and shading device was that none of the surfaces at 
all sitting positions had lower or above acceptable luminance value standard. All the surfaces were 
at the range of acceptable luminance value. It can be concluded that the room had acceptable 
brightness room quality to support comfort working even at individual surfaces.   
 

Table 7.8 Grha XL’s average luminance values measured meeting and not meeting the standard at determined 

surfaces, July 7
th

 at 11.00AM 

Sitting Orientation : Parallel to the Window 

Sitting Position Luminance (cd/m2) when Blinds Opened 

(Occlusion 200) 

Luminance (cd/m2) when Blinds Closed 

(Occlusion 0) 

Window Frame Divider VDT Desk Paper Avg. Window Frame Divider VDT Desk Paper Avg. 

North 249 69 60 85 123 139 121 230 48 48 83 136 163 118 

South 242 39 41 85 121 111 107 208 37 38 83 99 93 93 

Percentage (%) average not meeting 0       0 

Notice: There was no red numbers indicating under or exceed recommended acceptable values. 

 

C. Adaptability: Luminance Ratio and Daylight Factor  

In this case building, the luminance ratios between the major task (computer task) and surrounding 
surfaces due to five different applications of blind’s occlusions (i.e. 0, 50, 100, 150, and 200) are 
studied for seven possible viewing directions in the room (i.e. to VDT, paper, table, divider, window 
glass, blind, and frame) and for two sitting positions (i.e. North and South) as well as for two range of 
times (i.e. 10.00-12.00 AM and 01.00-03.00 PM). 



Office Building Facades  for Functionality and Adaptability in Humid Tropical Cities: 

Multi-Case Study of Office Buildings in Jakarta Indonesia. 

131 
 

Tables 7.9 below expresses the luminance ratios and daylight factor values in which those failed to 
meet the requirements are notified by colors. Figures 7.17 and 7.18 depict the percentage of those 
luminance ratios and daylight factors values which failed to meet the requirements (surrounding 
surfaces are either brighter or darker compared to the task surfaces and the daylight factor at the 
work plane are too bright or too dark for office works) in morning time, while figures 7.19 and 7.20 
present the percentage of luminance value and daylight factor at noon time. 

 

Table 7.9 Luminance ratio of surfaces and DF level below or above requirement at specific times (10.00-
12.00 AM (left); and 01.00-03.00 PM (right)), occlusions and sitting positions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note:      : Luminance ratios not meeting the requirement 
   : DF levels not meeting the requirement 

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 18 1 2% 10 0.4 2%
Glass
Blinds 20 1 15 1

VDT 26 1 26 1
Paper 54 2 62 2
Devider 66 3 60 2
Desk 48 2 35 1
Room Ave 33 30

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 30                    1 1% 28 1 2%
Glass
Blinds 37 1                  19 1

VDT 28 1                  29 1
Paper 55 2                  58 2
Devider 67 2                  63 2
Desk 40 1                  35 1
Room Ave 37 33

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 115 5 1% 92 3 2%
Glass 725 29 723 26
Blinds 38 2 35 1

VDT 25 1 28 1
Paper 58 2 56 2
Devider 82 3 82 3
Desk 62 2 63 2
Room Ave 158 154

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 120 4 2% 98 3 2%
Glass 825 29 789 25
Blinds 62 2 45 1

VDT 28 1 31 1
Paper 68 2 71 2
Devider 80 3 98 3
Desk 125 4 128 4
Room Ave 187 180

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 122 4 3% 101 3 2%
Glass 925 30 915 28
Blinds

VDT 31 1 33 1
Paper 67 2 70 2
Devider 150 5 158 5
Desk 175 6 176 5
Room Ave 210 208

Ghra XL 10.00-12.00 AM
Occlusion 0

North South

Occlusion 50
North South

Occlusion 100
North South

Occlusion 150
North South

Occlusion 200
North South

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 1% 2%
Glass
Blinds                  32 1 28 0.8

VDT                  30 1 35 1
Paper                  56 2 60 2
Devider                  68 2 68 2
Desk                  50 2 46 1
Room Ave                  47 47

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe                  30                    1 1% 27 1 2%
Glass
Blinds                  35 1                  30 1

VDT                  28 1                  30 1
Paper                  55 2                  56 2
Devider                  69 2                  68 2
Desk                  66 2                  60 2
Room Ave                  40 39

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe                  33 1 3% 30 1 2%
Glass               678 23 579 18
Blinds                  37 1 31 1

VDT                  30 1 32 1
Paper                  58 2 58 2
Devider                  71 2 68 2
Desk                  69 2 66 2
Room Ave               139 123

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe                  38 1 2% 37 1 2%
Glass               889 29 756 24
Blinds                  45 1 38 1

VDT                  31 1 32 1
Paper                  62 2 65 2
Devider                  72 2 70 2
Desk                  78 3 70 2
Room Ave               174 153

Surfaces cd/m2 ratio DF cd/m2 ratio DF
Wframe 45                1 2% 37 1 2%
Glass 975              30 888 29
Blinds

VDT 33                1 31 1
Paper 66                2 65 2
Devider 75                2 72 2
Desk 78                2 76 2
Room Ave 182              167

Ghra XL 01.00-03.00 PM
Occlusion 0

North South

Occlusion 50
North South

Occlusion 100
North South

Occlusion 150
North South

Occlusion 200
North South
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From table 7.9 (left) and figures 7.17 and 7.18, it can be seen that in the morning time, similar to 
Jamsostek’s blinds, almost all roller blind occlusions of this Grha XL building provided in considerably 
small percentage of average of 18% of surrounding surfaces having luminance ratios brighter 
(exceeded the recommended ratio) than VDT surfaces, whereas there was no surface having 
luminance ratio darker than the VDT surface. In both North and South sitting positions, the blinds at 
0 cm (totally closed) and 50 cm provided all surfaces having luminance ratios as required by the 
standard. In addition to that, in this measured time and at variable occlusion positions, the DF values 
measured at two sitting positions shows that some sitting positions experienced too dark daylight 
level (20%) for working with computer. It can be concluded that the white fabric roller blinds applied 
in Grha XL building provided good performance for both luminance ratio and daylight intensity for 
working with computers in morning time. 
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As seen from table 7.9 (right) as well as figures 7.19 and 7.20, similar luminance ratio phenomena in 
the morning is also experienced in afternoon time. Almost all roller blind occlusions of this Grha XL 
building provided considerably small percentage of surrounding surfaces’ (9%) luminance ratios 
brighter than VDT surfaces. Figure 7.19 shows that there was no surface having luminance ratio 
darker than the VDT surface. Similar to the morning time, in the afternoon both North and South 
sitting positions, only when the blinds were operated at 0 cm (totally closed) and 50 cm provided the 
surrounding surfaces’ luminance ratios as required by the standard. In addition to that, in this 
measured time and at variable blinds’ occlusion positions, a number of both sitting positions 
experienced daylight level intensities too dark (20%), while  80% of them experience sufficient 
daylight level for working with computer (figure 7.20). It can be concluded that the white fabric 
roller blinds applied in Grha XL building provided good performance of luminance ratio and daylight 
intensity for working with computers in the afternoon time. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7.1.4. Case 4: IKPT building  
A. Functionality: Daylight Factor (DF) and Daylight Penetration 

The absolute illuminances in the working planes were measured in July 1st at 01.00 PM. As described 
in section 7.1., the room has a three-fifth of its façade made from window with a low transmittance 
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glass (Tv=42%), multilateral window with metal horizontal blinds that can transmit very low visible 
light (5%) when they are closed, and room’s proportion of window height and room’s depth is 0.30. 
The results obtained for nodes in the same row along the depth of the room without and with the 
use of blinds are presented in table 7.10 and figures 7.22 and 7.23 below: 
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The table 7.10 above shows that from 68 nodes measured, the maximum DF values are 5% for 
window without blinds and 1% for window with shading closed. Similar to the three other buildings 
above, the position of nodes reach these values are in the perimeter area and mostly located in 
western part of the space. In both cases (i.e. when the blinds are opened and closed), this room with 
multilateral window placement provides a very low average of DF (only 1%) for window without blind 
and 0 % for window with blind closed. It means that most of the working plans are very insufficiently 
illuminated. In addition, figure 7.21 above shows that 29% of working plan has sufficient light when 
the blinds are open but 0% when the blinds were closed. However, compared to those above three 
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buildings (SCTV, Jamsostek, and Grha XL), this building had even more daylight distribution. The drop 
of DF values between perimeter and the adjacent working planes are not as high as those three 
buildings. The differences of DF values between the working plans in the perimeter and those in 3 m 
distance from the window were approximately only 2.5% drop. This phenomena indicated that even 
though the space is inadequately day-lighted, discomfort glare may not occur. 
 
B. Functionality: Luminance values 

Table 7.11 shows that the reflective glass and the combination between reflective glass and 
Venetian blinds contributes to poor luminance values at all surfaces. Hundred percentages of 
surfaces both when the blinds are totally opened and closed having luminance values lower and 
higher than the standard luminance value of surfaces for office room. Hence, if it is seen from that 
average of room’s luminance values, it can be said that the room has unacceptable comfort 
brightness since the average luminance values of the room do not meet the recommended 
standards. Or it can be said that the IKPT’s individual rooms’ surfaces surrounding the VDT task and 
concurrently the average office room has unacceptable brightness quality to support comfort 
working.   
 
 
Table 7.11   IKPT’s average luminance values measured meeting and not meeting the standard at determined 

surfaces. 

Sitting Orientation : Parallel to the Window 

Sitting Position Luminance (cd/m2) when Blinds Opened 

(Slat angle 90o) 

Luminance (cd/m2) when Blinds Closed 

(Slat angle 0o) 

Window 

glass 

Frame Divider VDT Desk Paper Avg. Window 

blind 

Frame Divider VDT Desk Paper Avg. 

North 2550 872 13 28 15 45 587 83 - 5 27 6 12 27 

South 2410 1015 11 26 11 22 583 58 - 5 9 6 8 17 

East 2040 1564 11 29 12 25 614 68 - 6 28 9 15 25 

West 2100 380 8 25 12 20 424 28 - 4 28 6 8 15 

Percentage (%) average not meeting 100       100 

 

 

C. Adaptability: Luminance Ratio and Daylight Factor  

In this case building, the luminance ratios between the major task (computer task) and surrounding 
surfaces due to five different applications of blind’s occlusions (i.e. 0, 50, 100, 150, and 200) are 
studied for seven possible viewing directions in the room (i.e. to VDT, paper, table, divider, window 
glass, blind, and frame) and for four sitting positions (i.e. North, South, East, and West) as well as for 
two range of time (i.e. 10.00-12.00 AM and 01.00-03.00 PM). 
 
Tables 7.12 and 7.13 below express the luminance ratios and daylight factor values in which those 
failed to meet the requirements were notified by colors, while figures 7.24 -7.28 depict the 
percentage of those luminance ratios and daylight factors values which failed to meet the 
requirements (surrounding surfaces were either brighter or darker compared to the task surfaces 
and the daylight factor at the work plane were too bright or too dark for office works). 

 

From the tables 7.13 as well as figures 7.24 and 7.25, it can be seen that in morning time, similar to 
Jamsostek’s blinds, almost all Venetian blind slat angles of this IKPT building provided 40% of 
surfaces having luminance ratios brighter and lower than VDT surfaces. Only surfaces at South sitting 
position when the Venetian blinds’ slat angles were totally closed, the surrounding surfaces had 
luminance values met the standard requirement. In addition to that, in this measured time and at 
variable slat angles positions, the DF values measured at all four sitting positions shows that majority 



Office Building Facades  for Functionality and Adaptability in Humid Tropical Cities: 

Multi-Case Study of Office Buildings in Jakarta Indonesia. 

137 
 

of all sitting positions experienced daylight level too dark (88%) for working with computer. It can be 
concluded that the Venetian blinds applied in IKPT building provide moderate performance of 
luminance ratio but poor performance of daylight intensity for working with computers in the 
morning. 
 
Furthermore, as seen from table 7.13 as well as figures 7.26 and 7.27, similar luminance ratio 
phenomena in the morning also had such an event in the afternoon. Almost all Venetian blind 
occlusions of this IKPT building provide surrounding surfaces’ luminance ratios both brighter (28% of 
surfaces) and darker (28%) than VDT surfaces. Similar to the morning time, all surfaces at South 
sitting positions receive luminance ratios as required by the standard when the blinds are operated 
totally closed. In addition to that, in this measured time and at variable blinds’ slat angles positions, 
all both sitting positions experience daylight level intensities too dark (100%) for working with 
computer (figure 7.27). It can be concluded that the Venetian blinds type applied in IKPT building 
provide moderate performance of luminance ratio but poor performance of daylight intensity for 
working with computers in the afternoon time. 
 

Table 7.12 Luminance ratio of surfaces and DF level below or above requirement at specific time (10.00-
12.00 AM), slat angles and sitting positions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 0% 0% 0% 0%
Glass
Blinds 83 3 58 6 68 2 28 1

VDT 27 1 9 1 28 1 28 1
Paper 12 0.44 8 1 15 1 8 0.29
Divider 5 0.19 5 1 6 0.21 4 0.14
Desk 6 0.22 6 1 9 0.32 6 2
Room Ave 27 17 25 15

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 272 10 1% 280 10 1% 734 26 1% 254 10 1%
Glass 1681 62 730 25 1134 41 915 37
Blinds 1800 67 520 18 430 15 970 39

VDT 27 1 29 1 28 1 25 1
Paper 27 1 17 1 14 1 15 1
Divider 8 0.30 9 0.31 8 0.29 6 0.24
Desk 11 0.41 9 0.31 13 0.46 10 0.40
Room Ave 547 228 337 314

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 872 31 2% 1015 39 1% 1564 54 1% 380 15 1%

Glass 2550 91 2410 93 2040 70 2100 84
Blinds

VDT 28 1 26 1 29 1 25 1
Paper 45 2 22 1 25 1 20 1
Divider 13 0.46 11 0.42 11 0.38 8 0.32
Desk 15 1 11 0.42 12 0.41 12 0.48
Room Ave 587 583 614 424

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 567 21 3% 450 16 1% 685 24 1% 296 10 1%
Glass 1766 65 1475 51 1234 43 1560 52
Blinds 1553 58 1700 59 1055 36 1230 41

VDT 27 1 29 1 29 1 30 1
Paper 72 3 21 1 23 1 20 1
Divider 16 1 12 0.41 11 0.38 10 0.33
Desk 20 1 10 0.34 12 0.41 14 0.47
Room Ave 574 528 436 451

North South East West

Slat Angle 135
North South East West

Slat Angle 45
North South East West

Slat Angle 90

IKPT 10.00-12.00 AM
Slat Angle 0

North South East West
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Table 7.13 Luminance ratio of surfaces and DF level below or above requirement at specific time (01.00-
03.00 PM), slat angles and sitting positions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Note:      : Luminance ratios not meeting the requirement 
                : DF levels not meeting the requirement 

 

 

 

 

 

 

 

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe - 0% - 0% - 0% - 0%
Glass - - - -
Blinds 58 2 36 4 23 1 17 2

VDT 30 1 10 1 31 1 10 1
Paper 10 0.33 7 1 5 0.16 7 1
Divider 4 0.13 4 0.40 4 0.13 4 0.40
Desk 6 0.20 5 1 5 0.16 5 1
Room Ave 22 12 14 9

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 130 4 1% 112 3 1% 273 9 1% 233 21 0%
Glass 850 26 698 21 250 8 772 70
Blinds 873 26 780 23 188 6 786 71

VDT 33 1 34 1 31 1 11 1
Paper 12 0.36 15 0.44 8 0.26 13 1
Divider 6 0.18 7 0.21 4 0.13 5 0.45
Desk 7 0.21 9 0.26 6 0.19 9 1
Room Ave 273 236 109 261

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 266 9 1% 211 6 1% 1387 43 1% 232 7 1%
Glass 2075 72 688 21 1942 61 1500 48
Blinds - - - -

VDT 29 1 33 1 32 1 31 1
Paper 30 1 16 0.48 9 0.28 25 1
Divider 8 0.28 9 0.27 6 0.19 7 0.23
Desk 15 1 13 0.39 8 0.25 13 0.42
Room Ave 404 162 564 301

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 448 17 1% 162 6 0% 392 12 1% 98 3 0%
Glass 880 33 650 26 623 19 1160 35
Blinds 780 29 495 20 442 13 110 3

VDT 27 1 25 1 33 1 33 1
Paper 21 1 15 1 11 0.33 37 1
Divider 10 0.37 11 0.44 8 0.24 6 0.18
Desk 10 0.37 21 1 10 0.30 19 1
Room Ave 311 197 217 209

North South East West

Slat Angle 135
North South East West

Slat Angle 45
North South East West

Slat Angle 90

IKPT 01.00-03.00 PM
Slat Angle 0

North South East West
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7.1.5. Case 5: Energy Tower building  
A. Functionality: Daylight Factor (DF) and Daylight Penetration 

The absolute illuminances in the working planes were measured in July 8th at 11 AM. The daylight 
factors (DF) were calculated using Microsoft-excel program. As described in section 7.1., the room 
has the highest proportion of window to wall (0.80) compared to other four buildings. Similar to the 
Grha XL and IKPT buildings, the Energy Tower building façade is made from window with a low 
transmittance glass (Tv=42%), multilateral window with opaque fabric roller blinds in which the 
closed blinds can transmit only 10% of visible light (slightly lower than the performance of Grha XL’s 
window roller blinds), and the room’s proportion of the window height and the room’s depth is 0.30. 
The results obtained for nodes in the same row along the depth of the room  with and without the 
use of blinds are presented in figure 7.29 and 7.30 as Daylight Factor profiles below: 
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Table 7.14 Energy Tower Building’s Daylight Factors (DF’s) distribution at all nodes position 

 
 
Table 7.14 shows that from 37 nodes measured, the maximum DF reached up to 21% for window 
without blinds but only 1% for window with shading closed. Similar to the above four other 
buildings, the position of nodes reached this value are mostly within the perimeter. This room with 
multilateral window placement type provides an average of 5% of DF for window without blind and 
0 % for window with blind. Compared to other three above buildings, this building has the second 
better performance - after SCTV building - of the average DF value that met the daylight level 
standard required especially when window blinds were opened.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In addition, figure 7.28 shows that many working plans (41%) have sufficient light when the blinds 
were opened. This figure reaches the minimal percentage of working plans (30%) that have to meet 
the daylight level standards. Unfortunately, similar to all building cases, these working plans with the 
required light levels are concentrated in the perimeter zone. Other weakness is since the blinds are 
opaque; better performance of the percentage of working plans in meeting the light level standard 
cannot be achieved when the blinds are totally closed. No working plans received sufficient level of 
DF (0%).  
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Furthermore, similar to SCTV, Jamsostek, Grha XL buildings, this building also experiences a 
significant reduction of DF value. Figures 7.29 and 7.30 show that the illuminance values experience 
considerably higher drop when the windows are opened (approximately 15%) but lower when the 
windows are totally closed (less than 1%). This uneven illumination between the working plans at 
the perimeter (both at the North-East and the South-East side) and those located at the distance of 3 
meters from the window occurred in all rows of nodes especially when the blinds are opened.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. Functionality: Luminance values 

It can be seen from table 7.15, the average luminance values of the room due to the application of 
reflective glass and combined reflective glass and semi opaque roller blind shading, all at four sitting 
positions are considered acceptable (not too dark and not too bright). The reflective glass 
contributes to the highest average luminance value of the surfaces at the North-East sitting position 
(425 cd/m2), while contributes to the lowest average luminance value (178 cd/m2) for surfaces 
measured at the South-East sitting position. The combined tinted glass and the combined tinted and 
vertical shading provides the highest value at South-East sitting position (176 cd/m2) and the lowest 
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of 15 cd/m2 at the West sitting position. If it is seen from that average room’s luminance values, it 
can be said that the room has considerably acceptable comfort. However, seen from individual 
surfaces, some surfaces have brighter and lower values than the required standard. When the 
windows are opened, the high unacceptable brightness are mostly experienced by the window, desk 
and paper surfaces, while when the blinds are totally closed, the surfaces such as VDT, desk, paper 
and divider surfaces mostly have lower luminance values compared to the standard. It can be 
concluded that reflective glazing and semi opaque roller blind provide good performance of 
brightness quality in office room. 
 

 Table 7.15 Energy Tower’s average luminance values measured at determined surfaces, July 8
th

, 11.00 AM 

Sitting Orientation : Parallel to the Window 

Sitting Position Luminance (cd/m2) when Blinds Opened 

(Occlusion 200) 

Luminance (cd/m2) when Blinds Closed 

(occlusion 0) 

Window 

glass 

Frame Divider VDT Desk Paper Avg. Window 

blind 

Frame Divider VDT Desk Paper Avg. 

North-East 454 45 364 37 567 1244 452 540 - 13 26 12 20 122 

South-East 326 48 112 264 125 190 178 502 - 35 236 45 62 176 

South-West 1463 110 38 25 150 210 333 30 - 74 26 8 10 30 

North-West 400 120 55 30 120 125 142 28 - 7 25 8 7 15 

Percentage (%) average not meeting 0       25 

Note: red numbers indicate under or exceed recommended acceptable values 

 

C. Adaptability: Luminance Ratio and Daylight Factor  

In this case building, the luminance ratios between the major task (computer task) and surrounding 
surfaces due to five different applications of blind’s occlusions (i.e. 0, 50, 100, 150, and 200) are 
studied for seven possible viewing directions in the room (i.e. to VDT, paper, table, divider, window 
glass, blind, and frame) and for four sitting positions (i.e. North-East, South-East, South-West, and 
North-West) as well as for two range of times (i.e. 10.00-12.00 AM and 01.00-03.00 PM). 
 
Tables 7.16 below expresses the luminance ratios and daylight factor values in which those have 
failed to meet the requirements are notified by colors, while figures 7.31 and 7.32 depict the 
percentage of those luminance ratios and daylight factors values which failed to meet the 
requirements (surrounding surfaces were either brighter or darker compared to the task surfaces 
and the daylight factor at the work plane are too bright or too dark for office works) in morning 
time, while figures 7.34 and 7.35 depict these at the noon time. 

 

From the table 7.16 and figure 7.31, it can be seen that in morning time, similar to Jamsostek’s 
vertical blinds, almost all semi-opaque roller blind occlusions of this Energy Tower building provides 
in average 20% of the surrounding surfaces having luminance ratios brighter (exceeded than the 
recommended ratio) than VDT surfaces, whereas there is an average of 10% of surfaces having 
luminance ratio darker than the VDT surface. In the North-East sitting position, when the blinds are 
operated at 0 cm occlusion (totally closed) and the South-East sitting position when the blinds are 
operated at 100 and 200 (totally opened) of occlusions provided all surfaces having luminance ratios 
as required by the standard. In addition to that, in this measured time and at variable occlusion 
positions, the DF values measured at all four sitting positions show that in majority (55%) of surfaces 
experience daylight level too dark for working with computer (figure 7.32). It can be concluded that 
the semi-opaque roller blinds applied in Energy Tower building provide moderate performance of 
both luminance ratio and daylight intensity performance for working with computers in morning 
time. 
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Table 7.16 Luminance ratio of surfaces and DF level below or above requirement at specific time (10.00-
12.00 AM), occlusions and sitting positions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Note:      : Luminance ratios not meeting the requirement 
                : DF levels not meeting the requirement 

 
 

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe - 1% - 0% - 0% - 0%
Glass - - - -
Blinds 54 2 502 2 30 1 28 1

VDT 26 1 236 1 26 1 25 1
Paper 20 1 62 0.26 10 0.38 7 0.28
Divider 13 1 35 0.15 74 3 7 0.28
Desk 12 0.46 45 0.19 8 0.31 8 0.32
Room Ave 25 176 30 15

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 170 6 1% 127 1 0% 156 6 1% 98 4 0%
Glass 4280 153 874 4 528 19 810 29
Blinds 42 2 92 0.391 37 1 65 2

VDT 28 1 235 1 28 1 28 1
Paper 65 2 131 1 23 1 13 0.46
Divider 30 1 90 0.38 18 1 10 0.36
Desk 28 1 92 0.39 15 1 11 0.39
Room Ave 663 234 115 148

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 31 1 2% 300 1 1% 75 3 3% 52 2 1%
Glass 3556 127 312 1 650 24 330 11
Blinds 20 1 112 0.50 63 2 85 3

VDT 28 1 226 1 27 1 30 1
Paper 364 13 353 2 218 8 33 1
Divider 144 5 321 1 75 3 25 1
Desk 175 6 272 1 88 3 25 1
Room Ave 617 271 171 83

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 30 1 3% 64 0.23 4% 86 3 5% 154 0.43 2%
Glass 4320 127 325 1 1446 48 400 1
Blinds 32 1 23 0.08 76 3 156 0.44

VDT 34 1 274 1 30 1 358 1
Paper 802 24 111 0.41 300 10 64 0.18
Divider 324 10 85 0.31 102 3 110 0.31
Desk 824 24 92 0.34 156 5 55 0.15
Room Ave 909 139 314 185

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 45 1 3% 48 0.18 4% 110 4 5% 120 4 5%
Glass 454 12 326 1 1463 59 400 13
Blinds - - - -

VDT 37 1 264 1 25 1 30 1
Paper 1244 34 190 1 210 8 125 4
Divider 364 10 112 0.42 38 2 55 2
Desk 567 15 125 0.47 150 6 120 4
Room Ave 452 178 333 142

ENERGY TOWER 10.00-12.00 AM
Occlusion 0

North-East South-East South-West North-West

Occlusion 50
North-East South-East South-West North-West

Occlusion 100
North-East South-East South-West North-West

Occlusion 150
North-East South-East South-West North-West

Occlusion 200
North-East South-East South-West North-West
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As seen from table 7.17 as well as figure 7.33, similar luminance ratio phenomena in the morning 
also had such a thing in the afternoon time. Almost all semi-opaque roller blind occlusions of this 
Energy Tower building provides the surrounding surfaces’ luminance ratios both brighter (28% of 
surfaces) and darker (8%) than VDT surfaces. In the afternoon, the façade technology provides all 
surfaces’ luminance ratios as required by the standard in the North-West sitting position when the 
blinds are operated at 0 cm (totally closed). In addition, in this measured time and at variable blinds’ 
occlusions, all four sitting positions experienced surfaces that has daylight level intensities too dark 
(50%) and 30% too bright for working with computer (figure 7.34). It can be concluded that the semi-
opaque roller blinds applied in Energy Tower building provided moderate performance of both 
luminance ratio values but poor daylight intensity performance for working with computers in the 
afternoon. 

 

Table 7.17 Luminance ratio of surfaces and DF level below or above requirement at specific time (01.00-
03.00 PM), occlusions and sitting positions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Note:      : Luminance ratios not meeting the requirement 
                : DF levels not meeting the requirement 

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 85 3 0% 62 2 0% 210 8 1% 40 2 0%
Glass - - - -
Blinds 48 2 53 2 73 3 27 1

VDT 30 1 27 1 27 1 23 1
Paper 13 0.43 9 0.33 25 1 6 0.26
Divider 9 0.30 8 0.30 10 0.37 6 0.26
Desk 8 0.27 7 0.26 18 1 6 0.26
Room Ave 32 28 61

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 70 3 1% 75 3 1% 310 12 2% 178 7 0%
Glass 358 13 591 20 800 32 250 10
Blinds 48 2 55 2 110 4 35 1

VDT 28 1 30 1 25 1 25 1
Paper 32 1 14 0.47 70 3 10 0.40
Divider 24 1 10 0.33 13 1 9 0.36
Desk 18 1 10 0.33 52 4 9 0.36
Room Ave 83 112 197

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 330 10 4% 450 15 1% 900 32 7% 200 10 0%
Glass 2300 72 1330 44 650 23 350 18
Blinds 90 3 70 2 125 4 40 2

VDT 32 1 30 1 28 1 20 1
Paper 200 6 30 1 344 12 15 1
Divider 90 3 35 1 28 1 18 1
Desk 200 6 25 1 235 8 13 1
Room Ave 463 281 330

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 335 10 7% 458 14 3% 969 24 14% 200 9 1%
Glass 2480 71 1577 49 1124 28 241 11
Blinds 68 2 78 2 200 5 70 3

VDT 35 1 32 1 40 1 22 1
Paper 320 9 60 2 922 23 30 1
Divider 130 4 42 1 124 3 40 2
Desk 210 6 47 1 480 12 30 1
Room Ave 511 328 551

Surfaces cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF cd/m2 ratio DF
Wframe 347 11 7% 500 17 3% 950 23 16% 200 8 2%
Glass 2570 78 1680 58 1320 31 787 33
Blinds - - - -

VDT 33 1 29 1 42 1 24 1
Paper 440 13 85 3 1100 26 45 2
Divider 175 5 75 3 350 8 50 2
Desk 200 6 87 3 550 13 40 2
Room Ave 628 409 719

ENERGY TOWER 01.00-03.00 PM

North-West

Occlusion 0
North-East South-East South-West North-West

Occlusion 50

North-West

Occlusion 200

North-East South-East South-West North-West

Occlusion 100
North-East South-East South-West

North-East South-East South-West North-West

Occlusion 150
North-East South-East South-West
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Figure 7.31 Percentage (%) of luminance ratios between the VDT task and the surrounding surfaces at specific blind’s occlusion 
conditions which are failed to meet the requirements, August 25, at 10.00-12.00 AM 

Figure 7.32 DF levels at the working plane at specific blind’s occlusion conditions (left) and percentage (%) of DF levels 
(right), which failed to meet the requirements, August 24, at 10.00-12.00 AM 
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7.2. Analysis 

 

7.2.1. Functionality performance 
Table 7.18 summarizes some key findings obtained in this study. The results suggest that regarding 
the function, the facade technology (window glazing and blinds) may be more or less placed in two 
groups as indicated in the table. As described in chapter 5, the grouping for functionality is initially 
based on the glazing type; and the performance was assessed based on three variables i.e. daylight 
intensity, daylight distribution/penetration, and luminance value. 

 

  

Figure 7.34 DF levels at the working plane at specific blind’s occlusion conditions (left) and percentage (%) of DF levels 
(right), which failed to meet the requirements, August 24, at 01.00-03.00 AM 

Figure 7.33 Percentage (%) of luminance ratios between the VDT task and the surrounding surfaces at specific blind’s 
occlusion conditions that failed to meet the requirements, August 25, at 01.00-03.00 PM 
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Table 7.18 Matrix of values obtained for each performance indicator considered for group of tinted glazing 

buildings (above) and reflective glazing buildings (below) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variables Measurements

Percentage (%) of nodes meeting (30% of the room) 2%≤E ≤5%

DF LEVELS meeting or not meeting std. not meeting E< 2% and E>5%

N S Avrg. N S Avrg. N S E W Avrg. N S E W Avrg. NE SE SW NW Avrg. NE SE SW NW Avrg.

(E) Average DF value (%) meeting Zone A 7 1 1 0 2 1 2 2 1 0 0 0 5 5 0 0

2%≤E ≤5% Zone B 0 0 1 0 1.5 0

Whole room 4 0 1 0 5 0

DF PENETRATION Percentage (%) of nodes meeting ≥5 meters

having 2%≤E ≤5% not meeting <5 meters

N S Avrg. N S Avrg. N S E W Avrg. N S E W Avrg. NE SE SW NW Avrg. NE SE SW NW Avrg.

LUMINANCE VALUES Average luminance value meeting Sitting position 121 107 118 93 587 583 614 424 27 17 25 15 452 178 333 142 122 176 30 15

(I) (cd/m2) 30≤I≤500 cd/m2 Whole room 114 105.5 552 21 276 85.75

Percentage (%) of surface meeting 30≤I≤500 cd/m2 100 100 100 100 100 100 17 0 0 17 8.5 20 20 20 0 15 20 100 77 100 74 20 100 40 0 40

 luminance values not meeting I≤29 and I501 0 0 0 0 0 0 83 100 100 83 91.5 80 80 80 100 85 80 0 33 0 28 80 0 60 100 60

40

60

0

10080

11

89

30

70

0

100

0

100

5

95

0

100

0

100

0

100

0

100

Reflective Glazing Reflective glazing & 
MATRIX: FAÇADE TECHNOLOGY vs STANDARDS

Standard values

 White Fabric Roller Blind

20

GROUP 2: REFLECTIVE  GLASS

GRHA  XL IKPT ENERGY  TOWER

Reflective Reflective glazing & Reflective Glazing Reflective glazing & 

Across the room's width Across the room's width Across the room's width

Tav.= 0.42 White Roller Blind Tav.=  0.42 Aluminium Venetian Blind Tav.= 0.42

 Note: N= North; S=South; W=West; E=East; NE=North-East; NW=North-West; SE=South-East; SW=South-West;    
Avg.=Average.  
              = Values that are met the standards. 
 
 

A. Façade technology applied and average DF values performance across the room. 
As seen in table 7.18, the values obtained for the work plane’s DF levels in the room indicates that 
the facade technology of group 1 especially that of SCTV’s tinted glazing which has considerably high 
Tav value (0.75), placed in multilateral windows which facing to the West and East, provides too high 
of an average DF values (11%) for computer and paper task work. Table 7.18 also shows that all 
façade technologies in both group 1 and 2 except, SCTV’s tinted glazing + blinds, Jamsosteks’ tinted 
glass, Grha XL’s reflective glass, and Energy Tower’s reflective glazing in multilateral window 

Variables Measurements

Percentage (%) of nodes meeting (30% of the room) 2%≤E ≤5%

DF LEVELS meeting or not meeting std. not meeting E< 2% and E>5%

N W E Avrg. N W E Avrg. S W Avrg. S W Avrg.

(E) Average DF value (%) meeting Zone A 13 28 10 5 2 4 3 4 1 1

2%≤E ≤5% Zone B 0 0 0 0

Whole room 11 2 2 0

DF PENETRATION Percentage (%) of nodes meeting ≥5 meters

having 2%≤E ≤5% not meeting <5 meters

N W E Avrg. N W E Avrg. S W Avrg. S W Avrg.

LUMINANCE VALUES Average luminance value meeting Sitting position 77 82 114 121 128 126 73 113 38 42

(I) (cd/m2) 30≤I≤500 cd/m2 Whole room 91 125 93 40

Percentage (%) of surface meeting 30≤I≤500 cd/m2 50 83 100 78 100 100 100 100 92 100 96 50 50 50

 luminance values not meeting I≤29 and I501 50 17 0 22 0 0 0 0 8 0 4 50 50 50

Standard values

Across the room's width Across the room's width

MATRIX: FAÇADE TECHNOLOGY vs STANDARDS

GROUP 1: TINTED  GLASS

SCTV JAMSOSTEK

Tinted Glazing Tinted Glazing & Tinted Glazing Tinted Glazing &

Tav.=  0.75 Perforated Roller Bl. Tav.= 0.63  Vertical Blind

0

100

0

100

0

100

0

100

22

78

6

94

21

79

3

97
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placement yielded too low DF values levels (ranging from 0% to 1%) on the work plane and 
therefore, it might not be a valid solution for detail work type in offices.  
On the other hand, the facade technology of group 2 especially applied in Energy Tower building 
which has multilateral window placement and facing to the North-East, South East, North-West and 
South-West (not frontally oriented to the North, East, West or South) are the best solutions in offices 
where a paper and computer, other detail works are carried out. It is also proven by the reflective 
glass used in Grha XL building. This reflective glazing applied in bilateral window placement in Grha 
XL building yields also an acceptable average of DF value in 30% of the total working area. Hence, it 
can be said that reflective glass type window can be considered as appropriate type of window glass 
used for OBF in HTC since in majority the room with this kind of window glass receives sufficient DF 
values in most of 30% of the working area.  
 
Further, regarding the blinds used for façade’s functionality, only the perforated roller blind 
embedded in SCTV’s tinted glass window contributes to acceptable sufficient DF level for offices 
where the work consists mainly of paper and computer work. This perforated roller blind (Tav=0.30, 
Rav=0.65), though it is totally closed, can still convey the daylight entering the room (the work 
planes in majority can still receive 2% of DF). So that, this kind of blind can be considered as better 
interior shading device for daylighting in HTC even if it is totally closed.  
 

B. Façade technology applied and daylight penetration/distribution performance. 
Table 7.18 also shows that most facade technology applied do not meet the least severe penetration 
requirement (DF of 2%-5% should penetrate until at least 5 meters from the window). Although 
almost all façade technologies (glazing and blind) used in the building cases generate too high DF 
values (>5%) at the window perimeter, the minimum DF values required is only reached until 
majority is less than 3 meters from the window. All the façade technologies applied, both group 1 
and 2, yield a significant drop of DF values between window perimeter and work planes placed at 3 
meters from the window (from DF>5% to DF<2%). After reaching this distance the DF values 
continue to decrease until 0% or remaining stagnant at below standard values.  

 

C. Façade technology applied and luminance values of surfaces performance. 
Although individually, all the glazing types contributed to considerably very high luminance values 
that indicate that they failed to solve the problem of glare (see table 7.4, 7.8, 7.11, and 7.15); as the 
average table 7.18 shows that all the facade technologies applied in group 1 succeeded to contribute 
to the acceptable luminance values of surfaces performance across the room. There are no surface’s 
average luminance values below 30 cd/m2 and above 500 cd/m2. Particularly the tinted glazing 
combined with the perforated roller blind (0 cm of blinds’ occlusion) of SCTV building is capable to 
contribute to the best performance of luminance value (100% meeting the standard requirement). In 
group 2, both the reflective glazing and the roller blind applied in Grha XL and Energy Tower 
buildings yield also acceptable average luminance values across the room. Particularly for the 
reflective glazing and the combination between reflective and roller blind (0o of blind occlusion) of 
the Grha XL building can provide 100% of surfaces at all sitting positions which meet the 
requirement. Note however, table 7.18 above also shows that in group 2, the reflective glazing 
complimented with fully opened venetian’s slat angle (Tav=0.42, 90O slat angle) of IKPT building 
contributes to relatively high luminance values of surfaces at all sitting positions (above 500 cd/m2), 
whereas the combination technology between the reflective and the venetian blind applied (0o of 
slat angle) in this building provides too low luminance values (below 30 cd/m2) of surfaces at all 
sitting positions. It can be concluded that the reflective glazing is complimented by fully opened 
venetian blind (90o of slat angle) and the combination between reflective glazing and venetian blinds 
(0o of slat angle) are not the best solution for offices since the venetian blind can exacerbate 
luminance values at surfaces (either higher or lower than the standard).  
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Finally, it can be said that all the technologies applied, particularly the perforated roller blind, are 
considered as appropriate technologies since it can maintain luminance values in the range of 30-500 
cd/m2. On the other hand, the venetian blind can be considered as an inappropriate device to be 
used in buildings in HTC since this can exacerbate the light and make the room too bright.  

 

7.2.2. Adaptability performance 
Table 7.19 and 7.20 summarize the key findings obtained in this study. The results suggest that 
regarding the adaptability, the facade technology (window glazing and blinds’ slat angles or 
occlusions) may be more or less placed in two groups as indicated in the table. The grouping for 
adaptability is initially based on the blind’s type for avoiding discomfort glare while maintaining 
daylight intensity purposes.  The performance then is assessed in terms of luminance ratio as the 
first indicator and daylight factor as the second indicator. 
 

A. Façade technology applied and luminance ratios and DF values performance 
Table 7.19 shows that the requirements regarding the luminance ratios between the VDT task and 
the surroundings (table, paper, divider, window glazing, frame, and blinds) in morning time (10.00-
12.00 AM) meets better with group 1 (roller blinds type) compared to group 2 (vertical and 
horizontal type). Especially, it is the best met by all the occlusions executions (0cm to 150cm) of the 
perforated roller shading system applied in SCTV building. The percentage of luminance ratios of this 
technology meeting the requirements reach 97% for all sitting positions while daylight factor levels 
meeting the requirements reach 7% for all sitting positions in the morning. Whereas in afternoon 
time, this shading contributes to 98% of surfaces meeting the luminance ratio required, while 80% of 
surfaces meeting daylight intensity level required. Conversely, in group 1, the requirements 
regarding the luminance ratios between the VDT screen and the surrounding are the worst provided 
by the semi-opaque roller blind applied in Energy Tower building for 68% of the surface meeting 
luminance ratios required, while only 45% of surface received daylight intensity required in morning 
time. 
 
On the other hand, the best luminance ratio performance and daylight intensity in group 2 is met by 
the Venetian blind applied in IKPT building. The percentage of luminance ratio of this shading 
technology meeting the requirement reaches 61% but only 12% of surfaces meeting the daylight 
intensity level required in morning time. But in the afternoon, this type of blinds provides low 
performances of both percentage of surfaces meeting the acceptable luminance value (46%) and 
acceptable daylight intensity value (0%). In this case, the surroundings are too dark (20%) and too 
bright (12%) with respects to the VDT screen. In group 2, the worst luminance ratios (56%) are 
yielded by the vertical blind applied in Jamsostek building. The application of these shading system 
occlusions contributed to too bright (44%) environment.  
 
It can be concluded that the perforated roller blinds can be considered as the best adaptable façade 
for OBF in HTC as it can be adjusted and flexible enough to fulfill the changing requirements 
particularly in noon time (which is the critical time for glare occurrences) for both avoiding glare and 
maintaining daylight sufficiency in the same time. 
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Table 7.19 Values obtained for each performance indicator considered for group 1 roller blind (above); and 
group 2 vertical and Venetian blind (below), at 10.00-12.00 AM 

MATRIX: FAÇADE PERFORMANCE vs STANDARD 

Variables Luminance Ratios Daylight Factor (DF) 

Measurements Percentage (%) of surfaces 

DF 
(%) 

Percentage (%) of nodes 

Standard Values 

Not 
meeting 

Meeting 

Not 
meeting 

Not 
meeting 

Meeting 

Not 
meeting 

Surrounding 
brighter 

Surrounding  
darker 

Too 
bright 

Too dark 

G
R

O
P

U
P

  1
: R

O
LL

ER
  B

LI
N

D
 

SC
TV

 

P
e

rf
o

ra
te

d
 R

o
lle

r 
B

lin
d

 &
 T

in
te

d
 G

la
zi

n
g 

N
o

rt
h

 

0 0 100 0 2 20 80 0 
50 0 100 0 2 

100 0 100 0 2 

150 0 100 0 3 

200 0 100 0 3 

     

W
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0 0 100 0 2 

50 0 100 0 4 

100 0 100 0 4 

150 0 100 0 5 

200 0 71 29 6 

     

Ea
st

 

0 0 100 0 2 

50 0 100 0 4 

100 0 100 0 4 

150 0 100 0 7 

200 0 83 17 9 

Avg. 0 97 3 4 
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0 0 100 0 1 0 80 20 
50 0 100 0 1 

100 14 86 0 3 

150 29 71 0 2 

200 50 50 0 2 
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0 0 100 0 2 

50 0 100 0 2 

100 14 86 0 2 

150 29 71 0 2 

200 50 50 0 2 

Avg. 19 81 0 2 
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0 0 100 0 1 0 45 55 
50 14 86 0 1 

100 57 43 0 2 

150 57 43 0 3 

200 67 33 0 3 
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0 0 40 60 0 

50 0 71 29 0 

100 0 100 0 1 

150 0 71 29 4 

200 0 100 0 4 
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0 0 80 20 0 

50 14 86 0 1 

100 29 71 0 3 

150 29 71 0 7 

200 50 50 0 7 
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0 0 40 60 0 

50 14 86 0 0 

100 14 86 0 1 

150 0 57 43 2 

200 50 50 0 7 

Avg. 20 68 12 2.5 

 
 

MATRIX: FAÇADE PERFORMANCE vs STANDARD 

Variables Luminance Ratios Daylight Factor (DF) 

Measurements Percentage (%) of surfaces 

DF 
(%) 

Percentage (%) of nodes 

Standard Values 

Not 
meeting 
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Not 
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bright 

Too dark 

G
R

O
U

P
 2

: V
ER

TI
C

A
L 

&
 

V
EN

ET
A

N
 B

LI
N

D
 

JA
M

SO
ST

EK
 

W
h

it
e 

V
er

ti
ca

l B
.&

 

Ti
n

te
d

 G
la

zi
ng

 

So
u

th
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90 43 57 0 7 
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0 0 100 0 3 

45 71 29 0 2 

90 71 29 0 2 

135 60 40 0 5 



Office Building Facades  for Functionality and Adaptability in Humid Tropical Cities: 

Multi-Case Study of Office Buildings in Jakarta Indonesia. 

152 
 

Avg. 44 56 0 4 
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0 0 100 0 0 0 12 88 
45 29 31 40 1 

90 33 53 14 2 

135 43 57 0 3 

     

So
u

th
 

0 0 100 0 0 

45 29 42 29 1 

90 33 67 0 1 

135 43 57 0 1 

     

Ea
st

 

0 0 60 40 0 

45 43 43 14 1 

90 33 67 0 1 

135 43 57 0 1 

     

W
es

t 

0 0 60 40 0 

45 29 57 14 1 

90 33 50 17 1 

135 29 71 0 1 

Avg. 26 61 13 1 

 
 
 
 
 
 

Table 7.20 Values obtained for each performance indicator considered for group 1 roller blind (above); and 
group 2 vertical and Venetian blind (below), at 01.00-03.00 PM 

FAÇADE PERFORMANCE vs STANDARD 

Variables Luminance Ratios Daylight Factor (DF) 

Measurements Percentage (%) of surfaces 

DF 
(%) 

Percentage (%) of nodes 

Standard Values 

Not 
meeting 

Meeting 

Not 
meeting 

Not 
meeting 

Meeting 

Not 
meeting 

Surrounding 
brighter 

Surrounding  
darker 

Too 
bright 

Too dark 

G
R

O
P

U
P

  1
: R

O
LL

ER
  B

LI
N

D
 

SC
TV

 

P
e

rf
o

ra
te

d
 R

o
lle

r 
B

lin
d

 &
 T

in
te

d
 G

la
zi

n
g 

N
o

rt
h

 

0 0 100 0 2 20 80 0 
50 0 100 0 2 

100 0 100 0 3 

150 0 100 0 3 

200 0 100 0 3 

     

W
es

t 

0 0 100 0 2 

50 0 100 0 4 

100 0 100 0 4 

150 0 100 0 5 

200 0 83 17 6 

     

Ea
st

 

0 0 100 0 2 

50 0 100 0 4 

100 0 100 0 4 

150 0 100 0 7 

200 0 83 17 9 

Avg. 0 98 2 4 
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g 
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0 0 100 0 1 0 80 20 
50 0 100 0 1 

100 14 86 0 3 

150 14 86 0 2 

200 17 83 0 2 

     

So
u

th
 

0 0 100 0 2 

50 0 100 0 2 

100 14 86 0 2 

150 14 86 0 2 

200 17 83 0 2 

Avg. 9 91 0 2 

EN
ER

G
Y 

TO
W

ER
 

W
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e 

R
o
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r 

B
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d
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e 

G
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N
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-E
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t 

0 0 67 33 0 30 20 50 
50 14 86 0 1 

100 43 57 0 4 

150 57 43 0 0 

200 83 17 0 0 

     

So
u

th
-E

as
t 

0 0 67 33 0 

50 14 86 0 1 

100 29 71 0 1 

150 29 71 0 3 

200 33 67 0 3 

     

N
o

rt
h

-

W
es

t 

0 0 100 0 1 

50 29 71 0 2 

100 57 43 0 0 

150 57 43 0 14 
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200 83 17 0 16 

     

So
u

th
-W

es
t 

0 0 50 50 0 

50 0 100 0 0 

100 14 86 0 0 

150 14 86 0 1 

200 17 83 0 2 

Avg. 29 65 6 1 

 
MATRIX: FAÇADE PERFORMANCE vs STANDARD 

Variables Luminance Ratios Daylight Factor (DF) 

Measurements Percentage (%) of surfaces 

DF 
(%) 

Percentage (%) of nodes 

Standard Values 

Not 
meeting 

Meeting 

Not 
meeting 

Not 
meeting 

Meeting 

Not 
meeting 

Surrounding 
brighter 

Surrounding  
darker 

Too 
bright 

Too dark 

G
R

O
U

P
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: V
ER

TI
C
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L 

&
 V

EN
ET
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N
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JA
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SO
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e 
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0 60 40 0 2 50 50 0 
45 57 43 0 3 

90 57 43 0 4 

135 60 40 0 3 

     

W
es

t 

0 80 20 0 7 

45 86 14 0 7 

90 86 14 0 9 

135 80 20 0 18 

Avg. 71 29 0 7 
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0 0 40 60 0 0 0 100 
45 29 42 29 1 

90 33 50 17 1 

135 43 57 0 1 

     

So
u

th
 

0 0 100 0 0 

45 33 38 29 1 

90 43 24 33 1 

135 0 71 29 0 

     

Ea
st

 

0 43 17 40 0 

45 33 38 29 1 

90 13 54 33 1 

135 43 28 29 1 

     

W
es

t 

0 0 60 40 0 

45 29 42 29 0 

90 33 34 33 1 

135 29 42 29 0 

Avg. 25 46 29 1 

 
 

7.2.3. General functionality and adaptability performance of the applied facades 
components 

After comparing with the standards requirements, the results indicate that based on the glazing 
material used, functionality performance of the façades can be placed and discussed in two distinct 
groups (i.e. group of the façades with either tinted or reflective type of glass). Meanwhile, for 
indicating adaptability performance, based on interior blinds used, the facades can be placed into 
three distinct groups (i.e. group of the façade using either roller or vertical or horizontal blinds).  
 
From matrix in table 7.21, it can be seen that in terms of functionality the facade groups 2 (group of 
reflective glazing) provides in majority better performance of the average daylight intensity in the 
room compared to group 1 (group of tinted glass). Regarding luminance values at surfaces, except 
the reflective glazing combined with Venetian (metal horizontal) blind, window glazing in both group 
combined with all blinds type except the Venetian blind provides good room’s brightness. It can be 
assumed that the reflective glazing succeeds to decrease excessive daylight in HTC and yields better 
average daylight intensity and the room’s surface brightness. The metal reflective Venetian shading 
on the other hand seems to reflect the high ambient daylight into the surrounding surfaces, thus 
exacerbate the luminance values of the room surfaces. In terms of daylight penetration, in contrary 
to the luminance values, none of these two groups had met the requirement. 
It is found also for general functionality performance, the most crucial problem provided by the 
current façade technology applied is daylight penetration since 100% of façade technologies applied 
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contributes to shallow daylight penetration. The second crucial problem is the daylight distribution 
in which from all façade technologies applied only 20% provides good performance (30% or more 
area receive sufficient daylight intensity) of daylight distribution. Good functionality performance of 
the current applied façade technologies are in regard to luminance values of room’s surfaces in 
which 80% of the technology provided is acceptable luminance values of room surfaces. 
Furthermore, for the general performance of façade’s adaptability, most indoor shadings provide 
considerable good performance of sufficient daylight factor in the room in accordance with 
providing the acceptable luminance ratio. The findings show that the best performance of shading’s 
adaptability is provided by the combination between the reflective glazing and the fabric roller 
blinds. Other summary in regard to façade adaptability revealed that the efficacy of the blind can be 
seen from the transmittance value as well as the capability of slat angle or the occlusions as well as 
the material of blinds in blocking excessive outdoor daylight while allowing the required daylight 
entering the room.   
 
In regard to the general adaptability performance, matrix in table 7.21 shows that for all the times, 
the group one (i.e. facade with roller blind combined with both tinted and reflective glazing) 
provided the best percentage of average luminance ratios that met the requirement. Importantly, 
the roller blinds type seems to be a good adaptive device for facades in HTC since this device 
provides good performance of both luminance ratio and DF values in at the same time in mostly 
every shading’s occlusions.  
 
Table 7.21. Matrix of façade technologies applied in terms of functionality and adaptability performance 

criteria  
 

Matrix of Façade Technologies Performance 

Functionality Adaptability 

Average in the room Average at specific working planes 

    10.00-12.00 AM 01.00-03.00 PM 

DF 
 Levels 
value 

30% of 
area 

meeting 
standard 

DF 

Daylight 
penetra-

tion 

Luminan-
ce value 

of 
surfaces 

Lumi-
nance 
ratios 

DF 
levels 
value 

Lumi-
nance 
ratios 

DF 
levels 
value 

A
p

p
lie

d
 F

aç
ad

e 
T

ec
h

n
o

lo
g

ie
s 

(S
ta

te
 o

f 
th

e 
A

rt
) 

SC
TV

   Tinted glass (Tav= 0.75) (-) (o) (-) (+) 

(+) (o) (+) (+) Combination tinted glass & white 
perforated roller blind (Tav=0.30, 
Rav= 0.65). 

(+) (-) (-) (+) 

Ja
m

so
st

e
k Tinted glass (Tav=0.63) (+) (o) (-) (+) 

(o) (+) (-) (o) Combination 
tinted glass & white fabric vertical 
blind (Tav=0.20, Rav=0.70) 

(-) (-) (-) (+) 

G
rh

a 
X

L Reflective glass (Tav=0.42) (+) (o) (-) (+) 

(+) (+) (+) (+) Combination 
Reflective glass & light grey fabric 
roller blind (Tav=0.15, Rav=0.30) 

(-) (o) (-) (+) 

IK
P

T 

Reflective glass (Tav=0.42) (-) (+) (-) (-) 

(o) (-) (o) (-) Combination 
Reflective glass & yellowish painted 
aluminium horizontal blind (Tav=0, 
Rav= 55) 

(-) (-) (-) (-) 

En
e

rg
y 

 Reflective glass (Tav=0.42) (+) (+) (-) (+) 

(o) (o) (o) (-) Combination 
Reflective glass & grayish semi-
opaque roller blind (Tav=0.05, 
Rav=0.10) 

(-) (-) (-) (+) 

Total percentage (%) of general 
performance of façade technology applied: 

(-)=60 
(o)=0 
(+)=40 

(-)=40 
(o)=40 
(+)=20 

(-)=100 
(o)=0 
(+)=0 

(-)=20 
(o)=0 
(+)=80 

(-)=0 
(o)=60 
(+)=40 

(-)=40 
(o)=20 
(+)=40 

(-)=20 
(o)=40 
(+)=40 

(-)=40 
(o)=20 
(+)=40 
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Note: (+) good performance; (O) intermediate/moderate performance; (-) poor performance.  
Performance criteria: 
Functionality: 
Daylight level values:            (+) average of DF meeting the std.; (-) average of DF not meeting the std.  

Min 30% area meeting std: (+) 30% area meeting DF standard; (o) 10%≤area≤29%; (-) <10% area meeting DF  

Daylight penetration:           (+) having 70% of min DF’s; (o) having 30%-69% of min DF’s; (-)having <29% of min DF’s, penetrate 5 
meters  

Luminance value:                  (+) having 70% of surfaces’ luminance values; (o) having 30% - 69% of surfaces’ luminance values;           
(-) having <29% of surfaces’ luminance values, meeting standard. 

Adaptability: 

Luminance ratio: (+) having 70% of surfaces’; (o) having 30% - 69% of surfaces’; (-) having <29% of surfaces’ luminance ratios, 
meeting standard.  

Daylight level:      (+) having 70% of DF; (o) having 40% - 69% of DF; (-) having ≤39% of DF, meeting the standard.  

 
From the aforementioned analysis, it can be summarized that the general functionality and 
adaptability performances of the applied façade technology in meeting the users’ requirements are 
as the following:  
 

7.2.3.1. Functionality performance: 
 
1. The extent to which façade technology meets daylight intensity required for working activity. 
Findings show that façade technology group 2 (reflective glazing group) especially applied in Energy 
Tower building which had multilateral window placement and tilted window orientations (i.e. North-
East, South East, North-West and South-West are the best performance in meeting the average 
daylight intensity required for working  where detail works (i.e. counting, drawing with computers) 
are carried out. Secondly, better performance, although it was slightly below the standard 
requirement, provided by both group 1 and 2, i.e. tinted glazing applied in multilateral window of 
SCTV building and the reflective glazing applied in bilateral window of Grha XL building. However, 
although these findings are in compliance with results from literatures state that the type of glazing 
dictates daylight transmission (CIBSE, 1999); higher Tv value of glazing can transmit more daylight; 
the higher the WWR, the more daylight can enter and distribute into the room (Ander, 1995), not all 
glazing type with high transmittance, and wide glazing window per se can be applied for meeting 
daylight intensity required. Figure 7.35 shows that the reflective glass which has Tav lower than the 
tinted glass provides better average of DF value meeting the standard compared to that of the 
tinted glass. It means that the reflective glass succeeded to decrease excessive ambient available 
daylight intensity in humid tropics climate. Thus, it can be said that the reflective glass is 
appropriate to be used in humid tropics climate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7.35   Type of glass influences DF value in the room. 
Reflective glass (Tav=0.42) provides considerably 
good performance of DF meeting the standard of 
offices in HTC. 

Fig.7.36   Window placement influences DF value in the 
room. Bilateral window placement provides 
considerably good performance of DF meeting the 
standard of offices in HTC. 
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As proven by the findings also, low Tv value of the reflective glazing was successfully meeting the 
daylight intensity requirement if it was applied in multilateral window and deep room (figure 7.36.). 
In addition, according to Lechner, window placement (i.e. bilateral and multilateral) provides better 
illuminance distribution in the room compared to the unilateral window (Lechner, 2001). However, 
figure 7.36 shows that it seems that building with bilateral window placement can better be 
applied for offices in humid tropics since it has two beneficial aspects i.e. firstly  it can decrease 
the excessive daylight intensity entering the room and secondly uses the other two wall sides as 
thermal barrier. 
 
In regard to the fact that the minimum working area (30%) should be covered with required daylight 
intensity (DF of 2%-5%), façade technologies both in 2, particularly the reflective glass applied in 
Energy Tower building fulfilled the requirement. Again, the finding shows that the reflective glazing 
applied in HTC in building with bilateral window provides better average daylight level in the room. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Furthermore, finding is also met with the concept states that room’s plan influences daylight 
intensity in the room (Ander, 1995). From the figure 7.37, it can be seen that for office room with 
room’s geometry between 0.18-0.30 provides good performance of DF value in the room. However, 
this performance will also be different if it is applied in building with multilateral window. In 
multilateral window buildings, the DF values might be higher than buildings with unilateral or 
bilateral window.  
 
Regarding to the combined façade’s technology, for all kinds of combinations between glazing and 
blinds used, none of them contributed to acceptable daylight level for detailed office works, except 
group 1 especially that of SCTV building’s tinted glazing which was totally covered with considerably 
high transmittance (Tav=0.30) perforated roller blind (figure 7.38.). Though it provides low daylight 
intensity, it is still acceptable for moderate working types (DF=2%) (IES, 1993). This is in line with the 
concept stated that the more transparent and diffuse of the blinds materials, the more light can be 
transmitted, diffused or reflected (Bulow-Hube, 2001). And for humid tropics climate where the sky 

Fig.7.37   Room’s geometry influences DF value in the room. 
Room’s geometry of 0.18-0.28 provides considerably 
good performance of DF meeting the standard. 

Fig.7.38. Combined type of glass and the interior shading used 
influences DF value in the room. More transparent 
of the blind provides considerably good performance 
of DF meeting the standard. 
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luminance is high, it is proven that perforated roller blind is better technology in filtering without 
blocking the high outdoor illuminance. 
 
2. The extent to which façade technology applied provides deep daylight penetration required 

for working activity. 
Most facade technology applied did not meet the least (5 meters) penetration requirement of 
required daylight intensity (DF of 2%-5%). Although almost all façade technologies (glazing and 
blind) used in the building cases generated too high DF values (>5%) at the window perimeter, the 
minimum DF values required only reached until the majority less than 3 meters from the window. 
All the façade technology applied, both in group 1 and 2, yielded a significant drop of DF values 
between window perimeter and work planes placed at 3 meters from the window (from DF>5% to 
DF<2%). After reaching this distance the DF values were continuing to decrease until DF 0% or the 
values were remaining stagnant at below the standard. This finding is not in line with the concept of 
the higher the WWR, the more daylight can distribute deep into the room and the higher window 
position will yield deeper daylight penetration (Ander, 1995). But, this finding is in compliance with 
the concept stated by Guzowsky i.e. more horizontal surfaces in building façade resulted in deeper 
daylight can penetrates (Guzowsky, 2000). Based on this, a reason of shallow penetration capability 
might be due to small number or even no horizontal surfaces embedded at wide full glazing façade 
applied acts as daylight reflector and diffuser. Secondly, due to high sun angle of tropical climate 
provides high sky luminance at the zenith and concurrently might create shallow daylight 
penetration.  

 

3. The extent to which façade technology applied meets acceptable rooms’ brightness for working 
activity. 

All the facade technologies applied in group 1 and 2 contributed to acceptable average luminance 
values of surfaces across the room. There were no surface’s average luminance values bellow 30 
cd/m2 and above 500 cd/m2. Particularly the tinted glazing (group 1) combined with the perforated 
roller blind (0 cm of blinds’ occlusion) of SCTV building was capable to contribute to the best 
performance of meeting (100%) the room’s surface brightness required for office activities. In group 
2, Grha XL’s reflective glazing and combination between reflective glazing and roller blind can 
provide 100% of surfaces at all sitting positions to meet the requirement. Note however, finding also 
shows that in group 2, the reflective glazing complimented with fully opened Venetian slat angle 
(Tav=0.42, 90O slat angle) of IKPT building contributed to relatively high luminance values of surfaces 
at all sitting positions (above 500 cd/m2), whereas the combination technology between the 
reflective and the fully closed Venetian blind applied in this building provided too low luminance 
values (below 30 cd/m2) of surfaces at all sitting positions. It can be concluded that both the 
reflective glazing complimented by the fully opened Venetian blind and fully closed venetian blinds 
were not the best solution for providing the acceptable brightness in offices since the Venetian blind 
can exacerbate luminance values at surfaces (either far higher or lower than the standard). In 
addition, among the individual surface, both the bare window (all type of glazing used) and the 
shaded window (all combination of glazing and blind types used) surfaces had relatively the highest 
surface luminance values compared to other surfaces. Thus, these two surfaces have to be carefully 
paid attention as a source of glare if their luminance values are far higher than the surrounding 
surfaces. These findings are in line with the concept stated that interior shadings can be used to 
eliminate excessive bright spots in the rooms since it can reflect and diffuse the bright light spot 
(Ander, 1995). But, the use of horizontal/Venetian blind is not in line with the findings from the 
study by Dubois (2001). She studied different type of external shading and its’ impact to daylighting 
performance in the office. She stated that the best performance for redirecting and diffusing 
daylight was the horizontal louver shading since it was better redirecting the incoming daylight from 
low altitude of the sun. The differences of finding might be caused by different climate where the 
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studies were conducted. Dubois’ study was conducted in moderate climate that has majority low sun 
angles from low altitude of the sun in which the low intensity of horizontal sky luminance can be 
attenuated and redirected well using Venetian/horizontal binds. 
 

7.2.3.2. Adaptability performance 

The extent to which applied blinds’ slat angles and occlusions meets surfaces’ luminance ratio and 
daylight intensity required for working. 

Finding shows that all the façade’s blind technologies applied in group 1 and 2 contributed to 
majority acceptable average luminance ratio required for working with computer in parallel sitting 

position. Good performance (75% of luminance ratios measured fulfill the standard) in meeting the 
requirement at whole working hours was in majority fulfilled by all fabric white-perforated and 
fabric-grey roller blind occlusions (i.e. 0 cm (totally closed) to 200 cm (totally opened)) in group 1. 
Either it was applied in combination with tinted glazing (SCTV building) or reflective glazing (Grha XL 

building). The moderate performance (40% and <75% of luminance ratios measured fulfill the 
standard) were met by the vertical and Venetian blinds’ slat angles (applied in Jamsostek and IKPT 
buildings), as well as semi-opaque blind’s occlusions (applied in Energy Tower building) in morning 
time, while the venetian blind’s slat angles (IKPT building) and semi-opaque roller blind’s occlusions 
(Energy Tower building) provided moderate performance in the afternoon time. However, these 
good performances of some blinds in meeting luminance ratios value were not followed by the 
blinds’ performance in meeting the daylight intensity value in the work plane as the blinds’ slat 
angles and occlusions were adjusted. The blinds were fulfilled the average of DF value meeting the 
standard in morning time, except the Venetian blinds applied and adjusted in several slat angles at 
noon time in IKPT building. Good performances were yielded from the perforated roller blinds 
adjusted both in the morning applied in SCTV building and from the roller blinds applied in Grha XL 
building both in the morning and afternoon.  
 
These findings are in line with several concepts of the blinds’ impacts on indoor visual environment. 
The first one is the concept of the efficacy of the blinds that majority relies on its material (color and 
transparency value) as well as its operation system (slat angles and occlusions) so that the brighter 
the color and the more transparent of the blinds will provide better both illuminance and luminance 
value of the window surface (Lechner, 2001). In line to this, Ander’s suggestion to use bright color 
and more transparent blinds for capturing as much as daylight but as well decreasing excessive 
brightness contrast between window surface and its surrounding surfaces and blind (Ander, 1995). 
In addition, Lechner stated that balancing and adjusting the slat angles and occlusions of the blinds 
can meet the requirements for blocking direct sun radiation thus blocking excessive light coming 
from outside as well as adjusting surface brightness for avoiding discomfort glare (glare perception 
due to excessive contrast between window surface and task surface and surrounding surface) 
(Lechner, 2001).   
 
The last but the most important is that the use of blinds will decrease the daylight intensity value but 
it will successfully decrease excessive brightness contrast of the surrounding window surfaces. The 
findings are in accordance with these concepts. It can be concluded that both the vertical and 
perforated roller blinds might provide valid solution for avoiding glare as well as maintaining the 
required DF value in the work-plane.  Again the analysis of this result is based on the climate 
characteristic of HTC in which the high sun angle resulted in high sky luminance at zenith. So that it 
can be assumed that the vertical blinds slat angle and the perforated roller blind’s occlusions can be 
controlled by filtering well the excessive brightness and light coming from the high sky-fault. The 
other is the material used in which these two kinds of blinds have considerably higher transmittance 
values compared to the Venetian and the semi-opaque rolled blinds. The operation of slat angles 
and occlusions of both vertical and perforated roller blind might be successfully balanced by 
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transmitting, redirecting, or diffusing the incoming light. These findings are in line with the concept 
stated that interior shadings can be used to eliminate excessive bright spots in the rooms since it can 
reflect and diffuse the bright light spot (Ander, 1995). However, to gain valid result of this 
assumption, other research using computer simulation has to be conducted.  
 
Other important finding is the fact that pulling down the roller blind as well as tilting the blinds’ slat 
angles closer to closed position increased the percentage of luminance ratios meeting the standard. 

This phenomenon proved that the interior shadings can be used as glare control as Ander stated 
that through the operation of interior shading’ occlusions and slat angles, the blinds can be used as 
device for both controlling the daylight level and discomfort glare (Ander, 1995).  
 
 

7.3. Conclusions: The Rate at Which Current OBFs has met Users’ 

Requirements, Building Codes, and Standard 
 
It can be concluded that the applied façade technologies mostly failed to meet the functionality and 
adaptability performance based on users’ working activity requirements. Only in meeting room’s 
brightness and luminance ratio, the applied facades had succeeded to fulfill the requirements. 
However, among the façade’s technology, the use of high transmittance values of glazing (reflective 
glazing type) and combined it with the interior blinds, particularly the transparent roller blinds, are 
considered as the best choice for good functionality performance. On the other side, all blinds type, 
except the Venetian blind, are the best choice for good façade adaptability performance since they 
can control glare as well as to provide sufficient daylight at the same time. As the high reflective 
property of Venetian blind exacerbates contrast between window and the surrounding, the 
application of this in building in humid tropics could yield discomfort glare. 
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PART THREE: CHAPTER 8 
Validation and Simulation Results  
 

8. Introduction  
This chapter is devoted to describe the validation of the research results. The chapter begins with a 
validation of the relationship among the activity theory variable (i.e. between the users’ activity and 
the façade technology’s functionality and adaptability). It further provides and discusses an example 
of an integrated façade technology that is proposed to enhance the existing OBF’s functionality 
performance. By means of computer simulation, those combinations of façade components’ 
attributes were analyzed in order to explore which one of those combinations provides optimum 
visual environment for working activity. 

 

8.1. Validation: Relationship between Users’ Activity and the Functionality 
and Adaptability of Façade’s Technology 

 
By using data gained from the users’ requirements, the validation of relationship between the 
activity and the façade technology required was conducted. For that purpose, chi-square analysis 
for equality proportion was used. Since the data contained a lot of observed calculations which 
were smaller than 5 (minimum point), in order to build consistent results, the use of general 
dependency chi-square test was avoided. The difference between general dependency chi-square 
test and chi-square for equality proportion was in the expected calculation (Aczel and 
Sounderpandian, 2008). For this research, the value of pi was gained by dividing the total 
probability with the number of category (k) because the research used chi-square analysis with 
fixed total (not marginal) and the number of samples for each group did not set before the survey. 
Then the interpretation of the result was if the proportions above two or more categories were the 
same, there was no dependency relation. Concurrent with this analysis, to see the strength of the 
relation, Cramer test was used. Cramer test is a way of calculating correlation in tables which have 
more than 2x2 rows and columns (Cramer, H., 1946). 
 
In this research, the dependencies analysis was used to gain conclusions on general state of two 
variables. The relationships of dependencies were analyzed and discussed between the demand of 
activity (working activities) and the technology (identified by daylight and visual comfort due to the 
application of the façade’s technology) required. The analysis was used to prove the theory 
postulated that the technology is influenced by the users’ activity, so that the appropriate technology 
of the office façade has to take users’ activities into account. For describing that, the analysis results 
were discussed for every building case.  
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8.2. Example of the Proposed Façade Technology for Enhancing the 
Functionality and Adaptability of the Existing Facades 

 
 
In this section, the proposed development of the 
façade technology for enhancing the functionality of 
the façade is presented. This section will not be 
proposed to provide description of exact daylight 
values achieved due to some façade technologies 
developed, but rather to provide the daylight values 
enhancement trends due to the influence of 
additional strategies i.e. the addition of indoor light-
shelf and reflective ceiling sheet to the upper window 
(figure 8.1.) since to eliminate glare, the use of blinds 
cannot be avoided, some type of indoor blinds in 
lower window then are also evaluated in accordance 
with the fitting of interior light-self and reflective 
ceiling.  
 

 
 
As found in previous chapter, the important problem of daylighting and visual comfort in HTC due to 
the applied façade technology are uneven distribution of daylight factor values particularly among 
those in window perimeter and those located deep in the room and daylight penetration. The 
proposed enhancement strategy then will be focused on how to cope with these problems. Through 
this strategy, glare occurrences due to excessive differences of daylight level between working place 
at window perimeter and the deep of the room can be minimized. Secondly, it aims to supply the 
required daylight levels to the deeper room. 
 
The analyses is on the daylight factor values trends (the average of DF values decreases or increases, 
and they are distributed evenly particularly between those located in the window perimeter and 
deep in the room, as well as its penetration capability). It is observed when the façade is added by 
both light-shelf and reflective ceiling as well as when the blinds are operated fully opened or fully 
closed. The analysis will be based on the comparison of these daylight behaviors due to these 
façade’s interventions with the performed by the base case. 
 
 

8.2.1.  Simulation procedure 
As described in chapter 3, some assumptions for simulation had been determined as the following: 

 As a base case (G model) was the existing Grha XL building since its geometry is considered as an 
ideal shape and orientation particularly for thermal purpose which is a crucial problem in tropical 
climate (see figure 8.2.) 

 The points/nodes measured are represented by those located in the middle of the room 
stretched from the North to the South (see fig 8.2.). 

 
 

 
 
 

 
 

Figure 8.1. Strategy proposed 
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 There are 8 façade geometry models simulated in this study. Three models are facades without 
blinds (G, GL, GLC models), and other five are facades with blinds (GLC_R50; GLC_Vnt_90; 
GLC_Vnt_0; GLC_Vrtc_90; GLC_Vrtc_0). All the facades geometry can be seen in table 3.8, 
chapter 3. 

 The sky condition was assumed to be overcast (as commonly occurred in Jakarta). 

 Other boundary conditions are Indonesia’s geographical location and time selected i.e.  Jakarta’s 
latitude and longitude, at 11.00 AM, in August 20th. 

 

8.2.2. Simulation results 
A. Daylight performance due to the addition of interior light-shelf and reflective ceiling. 

As presented in table 8.1, it is observed that the average daylight factor value of the base case (G 
model) is lower than the minimum required standard of DF 5%. In addition, the daylight factor 
distribution in terms of penetration capability of daylight intensity across the width of the room has 
also poor performance. It is found that the daylight intensity at working planes in the middle of the 
room’s row (9-12 m from the windows) is less than 2%. High discrepancy of daylight factor 
(illuminance) between window perimeter and deeper areas also occurred. Hence, it is apparent that 
the base case (full glass window without interior light-self and reflective ceiling) benefits the 
illuminance only in specific regions of the room and fails to achieve the required minimum daylight 
intensity of 5%.  
 
Further, table 8.1 indicates that with the addition of internal light-shelf (GL model), the average 
daylight factor in the room increased by 2%, it also decreases the daylight intensity in window 
perimeter. As shown, it provides more gently fluctuated of the daylight profile curve compared to 
this in the base case (see fig. 8.3). Hence, it is apparent that the interior light-shelf had succeeded to 
decrease sharp difference of daylight intensity in the perimeter with it in the deep of the room. 
Another benefit of using the interior light-self is that it enhances the illuminance 
distribution/penetration across the width of the office’s space. As shown, the daylight factors values 
of nodes in the middle of the space (9-12 m from the windows) increases by approximately 5% 
compared to those in base case model (G model). 
 
As shown also in table 8.1 the addition of reflective ceiling sheet (GLC model) on façade with interior 
light-self has contributed better to both on the average daylight intensity in the room and the 
distribution/penetration performances. While the use of reflective ceiling in accordance with the use 
of interior light-self can maintain gentle fluctuation of daylight profile curve between window 

Figure 8.2.  Floor plan of Ghra XL 10
th

 Floor and location of points measured 
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perimeter and the deep of the room, there is, if it is compared to the GL model, a substantial 
increase of the average daylight intensity (2.7 %) if it is compared to the base case (see fig 8.3). 
Concurrently, the addition of the reflective ceiling also increases daylight intensity in the middle of 
the room. Compared to the base case, the increase reaches almost 9% of the average daylight 
factor. It means that the room in the deeper space is also more sufficiently day litted. Hence, it was 
shown that the addition of the reflective ceiling sheet as a complimented device provides much 
better both on the average daylight factor value and daylight penetration performances.  
 
It appears that for office buildings in HTC, the initial role of interior light shelf is to decrease high 
discrepancy of illuminance between window perimeter area and the deep of the room. This is 
particularly in the noon time in which high illuminance from the high sky-fault occurs. The light-self 
obstructs the very bright daylight from the high sky so that it decreases illuminance below the light-
self, and through the upper surface of the light-self, it reflects the incoming daylight to the ceiling 
and the ceiling distributes it into the deep space. The role of the reflective ceiling sheet, on the other 
hand, will be as a daylight reflector as well as the attenuator of the daylight intensity.  
 
Hence, for buildings’ in HTC the use of the interior light-self is beneficial to improve the functionality 
of the façade in terms of increasing average daylight intensity in the room as well as distributing the 
daylight to the deeper space. The reflective ceiling can be used as a device for attenuating daylight 
intensity and distributing it into the deeper room. This strategy is useful, in particular, for offices that 
have very deep working space. 
 
Table 8.1 Simulation results of Ghra XL’s room with reflective glazing, interior light shelf and reflective ceiling 

No Façade Models Daylight Factor Profiles Average  

Daylight 

Factor 

1. G (base case) 

  

2% 

2. GL (glass + light-self) 

  

4% 
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3. GLC  (glass + light-self + 

reflective ceiling) 

 
 

4.7% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8.3. Analysis and Conclusions 
8.3.1. Relation between activity and the façade technology used 
The relationship between working activity and façade technology for both functionality and 
adaptability was tested by analyzing the dependencies of two relationships. They were tested 
between two variables of working activities i.e. sitting position and orientation, and two variables of 
visual comfort performance due to the application of the existing façade’s functionality i.e. moving 
reaction as an indication of improper daylight level; and the façade’s adaptability i.e. glare 
experience as indication of glare occurrence. These were applied on each case-building. The results 
are presented in table 8.2.  

 
 
 
 

Figure 8.3.   Comparison of daylight factor profiles (left); and room’s average daylight factor (right) of three 
façade models. 
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Table 8.2 Dependencies Analysis Results between Working Activities (as indicated by Sitting Position and 
Orientation) and Technology for functionality (as indicated by Moving Reaction) and adaptability 
(as indicated by Glare Experience). 

N
o 

Buildings &Type of correlation Critical Area Comp.  
 X

2
 and  

X
2
 table 

Interpretation of 
dependency 

The strength 
of 

dependency 
2  2

05,0);1( k

 

C-Cremer 
value 

A SCTV Building      

1. Respondents’ sitting position vs. moving 
reaction for proper daylight intensity. 
 (A3 vs I5)  

6.143 5.991 χ2> χ2
table, =  

reject H0, 
accept H1 

Sitting position 
influenced moving 
reaction for proper 
daylight intensity. 

Weak 
(0,402) 

2. Respondents’ sitting orientation vs. glare 
experience.  (A4 vs II1) 

16.5 9.48 X2>X2
table, =  

reject H0, 
accept H1 

Sitting orientation 
influenced users’ glare 
experience 

Strong enough 
(0.6589) 

B JamSosTek Building 

1. Respondents’ sitting position vs. moving 
reaction for proper daylight intensity. 
 (A3 vs I5)   

3.455 5.991 χ2> χ2
table, =  

accept H1, 
reject H0 

Sitting position did not 
influence moving 
reaction for proper 
daylight intensity. 

none 

2. Respondents’ sitting orientation vs. glare 
experience.  (A4 vs II1) 

18.09 9.488 χ2> χ2
table, = 

reject H0, 
accept H1 

Sitting orientation 
influenced users’ glare 
experience 

Strong 
(0,74) 

C Ghra XL Building 

1. Respondents’ sitting position vs. moving 
reaction for proper daylight intensity. 
 (A3 vs I5)   

 
20,33 

5,991 χ2> χ2
table, =  

reject H0, 
accept H1 

Sitting position 
influenced moving 
reaction for proper 
daylight intensity. 

Very strong 
(0,8098) 

2. Respondents’ sitting orientation vs. glare 
experience.  (A4 vs II1) 

17.5 9.488 χ2> χ2
table,= 

reject H0, 
accept H1 

Sitting orientation 
influenced users’ glare 
experience 

Strong enough 
(0,5973) 

D IKPT  Building 

1. Respondents’ sitting position vs. moving 
reaction for proper daylight intensity. 
 (A3 vs I5)   

6.526 9.488 χ2> χ2
table,= 

reject H1, 
accept H0 

Sitting position did not 
influence moving reaction 
for proper daylight 
intensity. 

none 

2. Respondents’ sitting orientation vs. glare 
experience.  (A4 vs II1) 

12,3 9.488 χ2> χ2
table,=  

reject H0, 
accept H1 

Sitting orientation 
influenced users’ glare 
experience 

Strong enough 
(0,5287) 

E Energy Tower Building 

1. Respondents’ sitting position vs. moving 
reaction for proper daylight intensity. 
 (A3 vs I5)   

13.52 9.49 χ2> χ2
table,=  

reject H1, 
accept H0 

Sitting position influenced 
moving reaction for 
proper daylight intensity. 

Weak 
(0,4526) 

2. Respondents’ sitting orientation vs. glare 
experience.  (A4 vs II1) 

48,88 9.49 χ2> χ2
table,= 

reject H0, 
accept H1 

Sitting orientation 
influenced users’ glare 
experience 

Very Strong 
(0,8127) 

Note: Hypothesis: Ho=Respondents proportion were the same; H1=Respondents proportion were different. 
 

It can be seen from table 8.2., the tests have resulted mostly on accepting the H0 and rejecting the 
H1 except relationship between users’ sitting position and moving reaction due to improper daylight 
level in Jamsostek and IKPT buildings. Theoretically it can be interpreted that the user’s moving 
reactions and glare experience due to the façade technology provided are not the same for both 
particular activity requirements (i.e. worker’s sitting position and sitting orientation). It means that 
the performance of technology provided which are represented by daylighting level and glare 
experience depended on the user’s activities requirements which are represented by the user’s 
sitting position and orientation. The findings of the variables dependency of all building cases are 
capsulated in table 8.3. 
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Table 8.3   Matrix of Dependency Relationship among Variables: users’ activity (A3, A4), and technology (I5, II1). 

 
Correlation tested 

 
Dependency of Variables 

BUILDINGS 

 SCTV JAMSOSTEK GRHA XL IKPT ENERGY T. 

Users’ Activity  
vs  Technology 

A3 Vs I5  ×  ×  

A4 Vs II1      

Note:   x = there was no relationship;  =there was a relationship 

 

In sum, this dependency tests revealed interesting fact. Relationship between user’s activity and 
technology had shown that the façade’s functionality and adaptability technology attributes used 
mostly yielded daylighting and visual comfort performances that have relationship with the users’ 
working activity requirements.  
 
8.3.2. Simulation results: Daylight performance due to an addition of light-shelf and reflective 

ceiling complimented with three types of shadings 
 
Table 8.4 presents daylighting simulation results of the third façade’ models (i.e. the GLC) 
complimented with the three types of blinds commonly used. The performance of the GLC model 
complimented with the opened roller blind will not be discussed since the performance is similar 
with that in the GLC model without any blinds.  
 
Simulation results observed that in general, the use of interior blinds will only slightly change the 
daylight behavior performance trends. They, in all cases (opened or closed), will decrease slightly the 
average daylight factor value in the room if it is compared to it at the GLC model (fig 8.4). The 
decrease is approximately around 0.5% of DF. The highest decrease is experienced when the 
Venetian blind is closed, and the lowest decrease is mostly experienced by the roller blind and the 
vertical blinds when they are opened and the roller blind when it is closed (fig 8.4).  
 
Other benefit of the GLC model complimented by all type of interior blinds is that it can maintain 
good performance of the daylight factor distribution in terms of penetration capability across the 
width of the room. If seen in figure 8.4., in all cases (when the blinds are opened or closed), the GLC 
model provides the required daylight intensity at the deep of the room (9-12 m from the windows). 
However, the problem that may arise is that the use of blinds will also decrease the illuminance at 
window perimeter area (fig 8.5). Significant drop occurs particularly when the blinds are closed. It 
appears that the use of blinds that complimented with the GLC (glass + light-self + reflective ceiling) 
model will create a sharp difference of daylight intensity between areas at the window perimeter 
and the deep of the room. Special treatment to the lower surface of the light-self should be given to 
reflect daylight from low sky fault, therefore, it increases illuminance at the window perimeter. 
However, in this case, from the three types of blinds, the roller blind type has the best performance 
compared to other two blind types. 
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Table 8.4 Simulation results of Ghra XL’s room with interior light shelf, reflective ceiling, and three type of blinds 

No Façade Models Daylight Factor Profiles Average 

Daylight 

factor 

1. GLC (glass + lightself + 
reflective ceiling) 

 
 

4.7% 

2. GLC_R50  
(GLC+roller b. closed) 

 
 

4.5% 

3. GLC_Vnt_90  
(GLC+venetian b. opened) 

  

4.4% 
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4. GLC_Vnt_0 
(GLC+venetian b. closed) 

 
 

4% 

5. GLC_Vrtc_90 
(GLC+vertical b. opened) 

 

 

4.5% 

6. GLC_Vrtc_0 
(GLC+vertical b. closed) 

 

 

4.4% 
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It appears that for office buildings in HTC, the use of blinds as compliment device in façade with GLC 
(glass + light-self + reflective ceiling) model will not both significantly influence the average daylight 
intensity in the room as well as the daylight penetration capability. This is in line with concepts of 
the interior light-self as an alternative window treatment for passing daylight deeper into the room 
(Heerwagen, 2004; Guzowski, 2000). However, the efficacy of this light-self device depends highly on 
both the optical property of the surface and the width and height of the light-self. There is only 
limited information of these applied in HTC. Hence there is a chance for further research to seek the 
influence of these different physical and optical properties to the daylight and visual performance 
and comfort in HTC. In addition, the fact that the interior light-self applied in buildings in HTC can 
reduce excessive daylight intensity at window perimeter is a new aspect in daylighting. Further 
research will also be carried out to see the impact of this to daylight distribution. 
 
Hence, for buildings’ in HTC the use of interior light-self together with the reflective ceiling are useful 
for improving the functionality of the current applied façade. The use of blinds, particularly the roller 
blinds type, is very useful for controlling glare. Besides, since this blind has considerably high 
transmittance value, the use of this type of blinds will not decrease the functionality performance 

Figure 8.4.  Comparison of daylight factor profile four façade models when the blinds are opened (left); and 
when the blinds are closed (right) 

  

Figure 8.5.  Comparison of average daylight intensity of four façade models when the blinds are opened (left); and 
when the blinds are closed (right). 
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significantly. This simulation results show that in order to reach better façade’s functionality as well 
as adaptability, the optimization strategy by means of choosing appropriate façade’s attributes and 
combining the static and dynamic of façade’s components should be carried out. 

 

From the aforementioned, it is found that: 
(1) Validation towards the AT theory applied in this research shows that through the dependencies 

statistical test, relation between users’ activity and the technology required had been revealed. 
It proves that the users’ activity influences the technology required. 

 
(2) Simulation results on how to enhance the existing façade’s functionality show that: 

 An addition of static component i.e. interior light shelf will decrease excessive light intensity 
in window perimeter. 

 An addition of reflective ceiling will increase the light intensity in the middle and the back of 
the room. 

 An application of different blinds type will not significantly influence both daylight intensity 
and penetration of GLC model performance. However, the use of the perforated roller blind 
provides the best performance of both daylight intensity and penetration, while the 
Venetian blind provides the poorest daylight intensity performance.  

 
From the simulation results, it can be concluded that the use of interior light-selves and an 
addition of reflective-sheet in the ceiling could enhance BFT’s functionality in HTC. It is done by 
optimizing the window glass in capturing daylight coming from high sky by using reflective 
glazing type and interior light-shelf as well as bouncing it into deeper area of the room.  Not 
only daylight intensity, other benefit of the interior light-self that it can reduce daylight intensity 
at window perimeter, thus decrease high discrepancy of daylight intensity between the area of 
window perimeter and the deep of the room. Other, the use of transparent fabric interior roller 
blind in this climate will optimize glare avoidance effort. Though the use of this blind’s type will 
slightly decrease the average values of DF in the room, it proves successfully in solving the 
problem of glare. It can sieve the bright light from low sky and decrease high contrast difference 
of luminance value between window glazing surfaces and other room’s surfaces.  

 
Overall, it can be concluded that through the dependencies of the statistical test, relation between 
users’ activity and the technology required had been proved. The users’ activity influences the 
technology required to support comfort working in office building.  
 
Through the simulations, the functionality of the current applied façade in HTC can be improved by 
means of optimization design such as by fitting the window with the interior light-self and reflective 
ceiling so that the indoor visual requirement can be sufficiently achieved. For the case of light-self, 
the upper surface of it functions as daylight reflector, while the lower surface is for decrease the 
incoming high daylight intensity from the high sky-fault. For reflective ceiling, it helps to maintain the 
required daylight intensity and supply it to the deep of the room. The use of an adaptive blind i.e. the 
roller blind fitted to the window with light-self and reflective ceiling will increase also the 
functionality performance of the façade in HTC. So, it can be said that this technology can be 
proposed to be used as one of many strategies to improve the functionality and adaptability 
performance of the current applied façade technology. 
 
For functionality of the light-self to be applied in HTC, further research will be carried out to see the 
impact of different optical properties, the width and the height of the light-self to daylight 
performance and comfort for working activity. 
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PART THREE: CHAPTER 9 
Findings, Conclusions, and Recommendations  
 

9. Introduction  
This chapter summarizes and concludes the research. The chapter begins by summarizing the main 
research and continued by outlining and discussing it to define the implication of this research to the 
academics and the practitioners. This chapter also highlights the main limitations and points that 
have not been discovered in this research for recommending areas where further research is 
needed. The structure of the research findings’ discussions and conclusions follows the structure of 
the seven sub research questions and the theoretical framework that had been defined. 

 

9.1. Summary of the Research  
The main objective of the research is to support building owners and designers in making informed 
on the application of the current functionality and adaptability of office building façades whether 
they have met the users’ requirements in terms of day-lighting and visual comfort for working 
activities. In order to achieve this objective, the main approach used was to indicate the users’ 
working activity and study the state of functionality and adaptability performance of the existing 
office buildings façades components applied in Jakarta-Indonesia based upon the day-lighting and 
visual comfort requirements for working activity. This was accomplished by arising seven research 
questions, and carried out by means of multiple methods. Through the literature study the definition 
of OBF’s functionality as well as the building façade components functionality and adaptability were 
determined and the variables of the functionality and adaptability of office building façade 
components were identified. Standards for evaluating the functionality and adaptability of the 
façade in terms of day-lighting and visual comfort based on the users’ activity requirements were 
also discussed. 
 
In the frame of sustainability, Activity Theory (AT) was determined as the basic theory used for 
describing interaction between people (with their working) activity and their environment (i.e. 
building’s façade). Based on the Activity Theory, the conceptual framework were constructed and as 
the main approach for investigating, analyzing, and interpreting the results. The elaboration of this 
was in the form of the research steps and instruments which were used to gather the data and 
analysis. Based on the theoretical framework defined, two sides of the basic studies were conducted 
i.e. functionality and adaptability of façade components technology required in one side and 
functionality and adaptability performance of the existing façade components on the other. The 
research is descriptive exploratory in nature. Descriptive method is used for the analysis of the data.  
 
The study yielded the users’ working activities requirements. This resulted in the terms of references 
of office building façade in which based on these; the standards performance requirements were 
established. Further study resulted in the knowledge of the applied façade technology attributes and 
its performance in terms of providing day-lighting and visual comfort for office works purposes. 
Finally, based on these results, the study had come out with knowledge on the extent to which the 
current applied façade technology had met the users’ working activities requirements.  
 
9.2. Findings  
This research has given account on the problems associated with the functionality of office building 
façade (OBF) in humid tropic cities (HTC’s) based on the users’ working activity requirements. The 
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research includes literature reviews; survey questionnaire on user’s working activity requirements, 
and field measurements regarding functionality and adaptability performance of current applied 
building’s façade component. The following conclusions can be drawn from the findings and as the 
answers of the seven research questions of this research: 
 
1. Functionality of Office Building Façade (OBF) 

Literature show that functionality of OBF constitutes providing the fitness of building’s facade as 
required by the users. As the building façade fenestration system comprises into two i.e. the 
static and dynamic components and each has its task division, for visually comfort working, this 
research then divides the functionality of OBF into two i.e. the functionality and the adaptability 
of the façade components. The functionality of the façade component is its fitness function of 
static-window components that has a particular task to fulfill indoor daylight level, penetration 
and room’s brightness so that it fits to the users’ working activity requirements. Meanwhile, the 
adaptability of building facade refers to the dynamic-interior shading components of the building 
façade that can be adjusted (adaptive) to several requirements i.e. in meeting both daylight level 
and room’s surfaces luminance ratio (glare) requirements.  The determinants of building façade 
component’s functionality are window’s glazing type, size, positions and placements/orientation. 
Meanwhile, the determinants for building façade component’s adaptability are shading devices’ 
slat angles and occlusions. These two building façade component’s determinants, at the end, will 
influence the general OBF’s functionality performance. 
 
Hence, to conclude that general functionality of OBF might be reached by providing building 
façade components that both functional and adaptive so that they are fit to the users’ 
requirements. In order to fulfill visually comfort working requirements, general functionality 
performance of OBF will then be determined by the functionality of building façade fenestration 
system performance. In other words the extent to which the functionality of OBF has met the 
users’ requirements is determined by the façade’s fenestration components i.e. both the 
functionality performance of static–window glazing component that has a particular task to 
provide sufficient daylight intensity, distribution and penetration and the adaptability 
performance of dynamic – interior shading device component that has particular tasks to control 
daylight intensity and glare.  

 
2. Humid tropics climate as the climatic context having influence to the design of office building 

façade (OBF) in Jakarta, Indonesia. 
Climate characteristic of humid tropic, as the contextual aspects of the OBF in Jakarta, influences 
day-lighting and visual comfort for working activities. Due to the overcast or even tended to 
partly cloudy sky type and the sun trajectory which always reaches the zenith, this climate has 
very high sky luminance as well as very high values of outdoor horizontal surface illuminance. This 
situation mostly occurs for a long duration daily and yearly. This characteristic of humid tropic 
climate influences indoor visual environment performance in which its performance is mostly 
determined by the design of the window’s fenestration system. Several particular visual comfort 
problems of might be faced by the buildings in this climate such as inadequacy of daylight 
intensity, penetration and luminance ratio (glare). Accordingly, the full-glass (large window 
opening) system of office buildings built in Jakarta-Indonesia within the humid tropics climate 
deserves to be evaluated whether the system appropriate to fulfill the visual comfort required for 
working activity.  

 
3. Day-lighting and visual comforts standards for office building in Indonesia. 

Available standards influence the design of the current applied façade in Indonesia. One of day-
lighting and visual comfort standard for office in Indonesia is the Indonesian National Standard 
(SNI-03-2396-2001). It has required that for each classification of office works has standard level 
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of the minimum of DF level 2% for the rough work. It increases (without any exact standard 
values mentioned) as the work getting intense and detail. SNI also suggested to use CIBSE’s glare 
index of 19 and contrast luminance among the surfaces (i.e. 1:40) as the required standard of 
visual comfort. Other international standards, such as IESNA and CIBSE and other countries that 
have similar activities and climate characteristics with Indonesia are also suggested by the SNI to 
be used as compliments to the Indonesia’s national standard. Other standard i.e. Green Building 
Council of Indonesia (GBCI) requires minimum 2% of DF level for general office work should be 
available at least 30% of the working total area.  
 
Although these standards have not become regulations, these standards are available and used 
as basic standards requirement for office building façade design. However, the standards are still 
insufficient. Important information such as the maximum daylight intensity for avoiding glare, 
minimum daylight penetration and accepted luminance ratio for working with computer has not 
been included. Hence, this study tried to confirm, elaborate and complete it by specifically 
referring and defining the standards so that it can be a benchmark for evaluating the functionality 
and designing functional OBF in HTC as to fulfill day-lighting and visually comfort requirements 
for working activities. 

 
 

4. Office working activities in Indonesia and visual performance and comfort and standards 
required. 
Finding shows that the majority of users’ activities in office buildings in Indonesia are categorized 
as detailed job-related activities such as counting, drawing and writing using computers and 
papers. These activities were mostly conducted intensively. The works are carried out mostly in 
the window perimeter, in certain sitting position, and in a whole working hour. Hence, these 
requirements harness the terms of reference (TOR) for façade components technology required. 
It covers:  
For façade’s functionality: 

 Facade components should provide sufficient daylight level for office intensive -job-related 
category of activity (i.e. detail and semi detail works’ type using computers and papers 
facilities). The sufficient daylight should be available in the whole of working hours (8 AM – 5 
PM). 

 Facade components should provide sufficient daylight level particularly at the window 
perimeter area (0-6 m from the window) as well as at least minimum sufficient daylight level 
penetrates to the deep of the room in which in majority these spaces are used for working 
activity (active working space area). 

For façade’s adaptability: 

 The adaptable facade (i.e. interior blinds) has dual tasks: to maintain sufficient daylight 
intensity at least at this majority of the sitting positions, as well as to avoid unacceptable 
glare due to the majority of the possibility of sitting orientation (i.e. facing and parallel to the 
window). 

 The blinds have to become an adaptable device that can overcome glare coming from 
window (i.e. from the sun path and bright sky received in the workers’ field of view), 
particularly at noon time (1PM-5PM) and during the dry season months (May – October).  

 
These modern type of office activities are in line with Gensler’s report that modern office uses 
modern facilities such as computer for all kind detail working activities. It means that daylight 
sufficiency and visual comfort requirements should be in accordance with the use of modern 
facilities such as computer.  
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Hence, based on those findings regarding users’ activities requirements and the façade’s terms of 
reference, visual comfort standards which should be used as a benchmark in the evaluation of 
the OBF in HTC are the ones that include detail office work type as the minimum daylight 
intensity level, and working with computer as luminance ratio standard. So 
, the  standard requirements should be as determination for the current facades’ functionality 
and adaptability performance, as stated by SNI combined with other relevant standards that have 
been studied are: (1) daylight factors values between 2%≤DF ≤5% with minimum of 30% of total 
working area should fulfill this standard DF values and penetrate until the deep of the room;(2) 
luminance ratio of task (VDT screen) to adjacent surroundings (e.g. table, divider) max 3:1 or 1:3., 
task (VDT screen) and adjacent paper max 3:1 or 1:3, task (VDT screen) and immediate 
surroundings (windows, window frame, and blinds) max 10:1.  

  
From these standards, it can be concluded that the Indonesian National Standard (SNI) might be 
elaborated by including some points that are related to the use of computer facility. Those points 
are (1) maximum DF standard of 5% to avoid glare (from Malaysian standard); (2) luminance ratio 
particularly luminance contrast between VDT (computer screen) with both its adjacent paper 
(max 3:1 or 1:3) and its immediate surroundings (of max 10:1) (CIBSE’s standard). However, since 
many researchers argued that people in tropics are more tolerant to excessive daylight and glare 
compare to people in sub-tropics and the fact that this standards are the results from studies 
under temperate climate, further research then will be focused on the daylight intensity and 
glare values accepted by the workers in humid tropics, particularly those who use computers. It is 
also a chance to investigate this in a real office open-space which the influence of working 
location on daylight and glare standard requirements can also be investigated. 
 

5. Façade components’ attributes of office buildings in Indonesia. 
The existing case of office buildings in Jakarta – Indonesia makes use of both technological and 
architectural approaches in order to provide daylight and visual comfort into the workspace. In 
addition, as Hyde had categorized, the façades are classified as ‘thin skin façade’ in which in order 
to modify indoor climate, the facades rely on the efficacy of façade’s material properties. In 
Indonesia, the functionality performance of the façade relies mainly on a number of 
characteristics and attributes i.e. considerable large glazing area with moderate visible 
transmittance type of glazing (i.e. tinted or reflective glass; the windows are mostly covered by 
interior blinds (i.e. Venetian/horizontal, vertical, and roller blinds) and placed bilaterally and 
multilaterally at various orientations; the buildings have in majority moderate plan ratio and 
moderate interior surfaces reflectance value except the ceiling).  
 
Findings show that functionality problems potentially faced by window glazing and combined 
glazing and closed-interior shading are inappropriate daylight levels and uneven daylight 
distribution since it might provide in majority high daylight intensity in window perimeter and 
low daylight intensity at the back of the space. However, seen from the luminance values of all 
room’s surfaces, there might be no problem of functionality. Meanwhile, from the adaptability 
point of view, the main source of discomfort glare will be potentially occurred due the efficacy of 
the interior shadings to eliminate high luminance ratio yielded from high luminance of window 
glazing and VDT screen luminance values while maintaining sufficient daylight level in every 
blinds’ execution.  
Besides, finding also provides new information on the light transmittance properties of several 
combined glazing types and interior shadings. However, more studies are needed to see the 
transmittance properties of these in every different sun’s inclination and in humid tropic climate. 
 
Hence, it can be concluded that this thin-skin category of the large area of glass façade as being 
applied in Hot Humid Tropics buildings such as office buildings in Jakarta-Indonesia, will 
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potentially face problems of functionality and adaptability performance such as inadequacy of 
daylight intensity, distribution, and glare. 

 
6. Functionality and adaptability performance of current applied OBF in Jakarta-Indonesia. 

The general functionality performance of the five-case buildings’ facade showed that they, in 
general, contributed to problems of shallow daylight penetration and uneven distribution. 
However, good functionality performance of these applied façade technologies were related to 
luminance values (brightness) of room’s surfaces. All glazing combined with all of blinds type 
provided sufficient room’s brightness for working, except the reflective window glass combined 
with the metal reflective Venetian blind. This was because metal Venetian blinds had the 
capability to exacerbate the light intensity at room’s vertical surfaces in which this highly 
contributed to over bright room.  
Therefore, further façade technology for OBF in HTC should be produced and designed as to 
distribute evenly to the required daylight level until deep in the room. In addition, this finding 
also implies that deep working space design and continued window glazing are not appropriate 
for office building in humid tropic. 
 
In regard to the façade’s adaptability performance, in general, the most crucial problem of the 
interior shadings is to provide sufficient daylight factor in accordance with providing acceptable 
luminance ratio. So far, the findings showed that when all shadings type used succeeded to avoid 
excessive contrast luminance of the surfaces, they failed to fulfill the required daylight intensity 
and vice-versa. It can be concluded that the occlusions or the slat angles of the interior shadings 
used were considered as not good adaptive-devices for fulfilling the contrast luminance and 
daylight level values at standard level required at the same time. In addition, it implies that in 
humid tropic climate, the interior shading cannot be used to reach both the required daylight 
level and contrast luminance at the same time. Suggestion can be proposed for solving this 
problem are using priority on when either sufficiency of daylight or glare should be prioritized, or 
using additional interior component in order to supply sufficient daylight while the interior 
shading is used to control glare. 
 
Further, in detail, the findings on the extent to which the functionality and adaptability of the 
applied façade meet the requirements can be summarized as:  
 

A. Functionality of the applied façade to meet daylight intensity, penetration, and rooms’ 
brightness requirements  

 None of the glazing and blinds types had met both daylight intensity and the minimum 
area should be covered with that required daylight intensity. However, between reflective 
and tinted glass, the reflective glazing type can provide better average of daylight intensity 
for working compared to the tinted glazing. But note that this good performance of 
reflective glazing  were applied in combination with certain architectural aspects such as 
deep room, bilateral window, and tilted window orientation and with the combination of 
considerable transparent fabric roller blinds. These can balance the daylight intensity as 
required.  

 None of the applied façade technology had met the requirement for daylight penetration. 
Almost all applied façade technologies only contributes to less than 10% (less than 
standard requirements of 30%) of the working area receiving daylight intensity as required.   

 The only good functionality performance of the applied façade was that all the façade 
technologies were successfully met the room’s brightness required for office activity. This 
yielded in particular by the reflective glazing window complimented with roller blind. But 
note that attention should be given to the horizontal Venetian blinds application in Humid 
Tropics Climate. Since in HTC high indoor illuminance is usually coming from bright sky the 
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zenith, fully opened and closed of horizontal and reflective surface (such as Venetian blind) 
will exacerbate luminance values at rooms’ surfaces, so that the application of this type of 
blind in HTC, should be carefully considered.  

 

B. Adaptability of the applied façade as to meet daylight intensity and luminance ratio 

requirements  

All types of interior blinds applied in case buildings have succeeded to become glare control 
devices as they met the luminance ratio required. However among other blinds types, the 
roller blinds particularly the perforated and the grey fabric roller blinds when they were 

operated in several occlusions provided good (70% of surfaces meeting luminance ratios 
requirement) performance for office worker’s visual comfort. The vertical blinds on the 
other hand, when it was operated in several slat angles, provided the poorest (40-69% of 
surfaces meeting luminance ratios requirement) performance.  However, this value is still 
considerably good performances of the interior roller blinds in meeting the luminance ratios 
requirement. This good luminance ratio performance provided by the roller blinds type was 
also supported by their performance in meeting the range of daylight intensity required. It 
can be said that the roller blinds type is appropriate to be used in office building in HTC.   

 
7. Conclusions on the applied façade’s functionality performance and recommendations for 

applied OBF enhancement:  

 The applied window glazing façades in general, failed to meet some functionality and 
adaptability performances based on users’ working activity requirements.  

 In regard to functionality of façade’s component, all glazing type and combined glazing with 
interior shading provided only in meeting room’s brightness and luminance ratio 
requirements.  

 Among the façade’s technology applied, ones with high transmittance values of glazing 
(reflective glazing type) as well as high transmittance of blinds particularly the transparent 
roller blinds are considered as the best choice to be applied in HTC for good functionality 
performance.  

 On the other hand, all blinds type, except the Venetian blind, are good in terms of 
adaptability performance particularly for controlling glare. But they fail to serve as device 
that adaptive to fulfill several tasks at the same time i.e. maintaining the daylight level as 
required while providing sufficient daylight intensity.  

 Through the simulations, recommendations that can be proposed in order to enhance the 
current applied facades are: 
a. Using reflective glazing type for capturing as much daylight entering the room.   
b. Adding interior light-shelf as a device for bouncing the light into deeper area of the room 

and to optimize the window glass in capturing daylight coming from high sky.   
c. Using interior light-self for reducing daylight intensity at window perimeter, thus 

decrease high discrepancy of daylight intensity between the area of window perimeter 
and the deep of the room.  

d. Using transparent fabric interior roller blind to optimize glare avoidance. Though the use 
of this blind’s type will slightly decrease the average values of DF in the room, it proves 
successfully in solving the problem of glare. It can sieve the bright light from low sky and 
decrease high contrast difference of luminance value between window glazing surfaces 
and other room’s surfaces.  
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9.3. Overall Conclusions 
This research concerns about the problems associated with office buildings’ façade technology in 
HTC in terms of its functionality and adaptability based on the users’ requirements. The literature 
review has argued that for the importance of the office façade design in meeting the users’ 
requirements in terms of providing visually comfort working. This, at the end, will prolong the 
building’s lifespan and contribute to social sustainability. In doing so, the thesis advocates to 
consider the users’ activity requirements as standard requirements, thereby increasing users’ role in 
the design of the building’s façade. The study thus, set out to gain knowledge and understanding on 
the users’ requirements for functionality and adaptability of office building facades in HTCs based on 
their working activities as well as on how and the extent to which the applied office building facades 
technologies meet those requirements. Hence, the determination of users’ requirements formed the 
main aspect of investigation in office façade design phase. 
 
Findings regarding functionality and adaptability performance of the current applied façade in HTC 
show that almost all the façade technology has not met the users’ office activity requirements. The 
fact that only several aspects of functionality and adaptability of the applied façade meet the 
requirements reveals that façade’s technology strategy that seems to be successfully applied in 
certain area (temperate climate) will not always provide similar results if it is applied in different 
conditions of the other distinct area (for example humid tropics climate). The application of this thin-
skin type of façade applied in HTC may cause problem of shallow penetration of sufficient daylight 
and uneven distribution (i.e. very high daylight level in the area at window perimeter while very low 
in the deep of the space). However, among the façade’s technology applied, ones with high 
transmittance values of glazing (reflective glazing) type as well as high transmittance of blinds 
particularly the transparent roller blinds are considered as the best choice to be applied in HTC for 
good functionality performance. On the other side, all blind types, except the venetian blind, are 
good in terms of adaptability performance particularly for controlling glare. But they still failed to 
serve as an adaptive device to fulfill several tasks at the same time i.e. maintaining the daylight level 
as required while providing sufficient daylight intensity.  
 
Further, the application of thin-skin façade type in humid tropic climate provides an unavoidable 
obligation of buildings to compliment and integrate their large glass-window with interior shadings. 
So that, the façade’s components task-division is vivid, i.e. the static elements (i.e. window glass) are 
aimed for entering as much daylight, while the dynamic/adaptive elements (i.e. interior shadings) 
are aimed to control glare and daylight intensity entering the room. The enhancement of 
functionality and adaptability of the façade’s components then should be done by cautiously 
choosing components which can be optimized first, the achievement of the intensity level, 
penetration, as well as distribution of daylight in the room as required for functionality. Secondly is 
by cautiously choosing adaptive façade components which can optimize control of glare avoidance 
as well as maintaining achievement of daylight intensity level as required for façade’s adaptability 
performance. Hence, optimization of façade components performance of each component’s task-
division is the key panacea for the façade’s functionality and adaptability enhancements.  
 

The presentation of this research contributes also to several new insights. It can be summarized as 

the following: 

1. Knowledge and insights regarding the users’ requirements and standards for sustainable office 
building facade in HTCs. 

The research has shown that the knowledge about user’ requirements for functionality and 
adaptability of the OBF should be based on their working activities requirements. The study has 
taken some steps to get the insight to those requirements as it relates to the visual comfort for 
working activities. It has shown that assessing the functionality and adaptability of OBF requires 
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proper approaches. The approaches that should be included are investigating office working 
activities that determine day-lighting and visual comfort standard requirements in which it will 
establish the façade technology required. Hence, the insights on sustainable façade should be based 
on users’ requirements and the functionality and adaptability performance of the façade’s 
components. 
Standard used as a benchmark for designing sustainable façade in Indonesia should be based on the 
users’ activity. As in Indonesian, the standard for visual comfort in the office has not referred to the 
use of computer facility in which the research found that this is the major facility used in modern 
office works in Indonesia, points suggested to be added in the Indonesian National Standard are 
maximum DF 5% for avoiding glare and accepted luminance ratio between VDT screen and the 
immediate surroundings of 10:1, while between the VDT screen and the paper of 1:3 or 3:1. 
However, many arguments asserted that people in humid tropic is more tolerant to excessive 
daylight and glare compare to people in sub-tropics and the fact that this standards are the results 
from studies under temperate climate (Laar (1) 2001; Galasiu AD and Veitch JA, 2006; Kandar et al, 
2011), further research then will be focused on the daylight intensity and glare values accepted by 
the workers in humid tropics, particularly those who use computers. It is also a chance to investigate 
this in a real office open-space which the influence of working location on daylight and glare 
standard requirements can also be investigated. 
 
2. Knowledge and insights concerning sustainable – functional and adaptive facades components - 

for office buildings in humid tropic. 
It is interesting that interior shadings are unavoidable device to use in full-glass façade applied in 
humid tropics. Unlike in the temperate climate, in which according to Hyde for providing indoor 
comfort the thin-skin building type can highly rely on the window glazing (Hyde, 2001). In humid 
tropic climate the thin-skin type of façade cannot just rely on the efficacy of the window glazing per 
se as a device for providing proper daylight and visual comfort performance. The research reveals 
that in humid tropic which is characterized with high outdoor horizontal illuminance, glazing and 
shading type properly used are the ones that can reduce excessive outdoor daylight intensity and 
convey the required daylight deep into the room. Proper combination of static glass window 
component with dynamic shading device will contribute to better indoor visual environment. 
Regarding to this, the research found that the reflective glass type combined with the perforated 
roller blind is the better choice compared to other combination as functional façade component to 
be applied in HTC.  
 
Concerning the adaptability, the research found that the Venetian blind in which many researchers 
believe that this type of blind is highly suggested to be applied for better indoor daylight and visual 
comfort in temperate climate (Dubois, 2001; Heerwagen, 2004; CIBSE, 1999) is not an appropriate 
device to be applied in humid tropic climate due to their optical properties, this type of blinds will 
exacerbate daylight intensity at the window perimeter in which in turn will yield high contrast 
luminance between the window and surrounding thus causing discomfort glare. 
 
3. General applicability of methods and findings. 
The methods used in assessing the functionality and adaptability of office building façade may be 
applied in other countries (especially in Humid Tropics Climate) for similar purposes with the 
appropriate adaptations where necessary. The same method could be used to determine 
functionality and adaptability of office building façade in the other view of environmental system 
such as thermal and acoustics. 
 
Significantly, assessing office building façade in two criteria (i.e. its functionality and adaptability) 
hold promise for its general application everywhere because they address two important aspects 
necessary for façade improvements i.e. they address the user’s requirements in terms of: 
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 Daylight performance (i.e. intensity level and penetration). 

 Visual comfort performance (i.e. luminance values and luminance ratio). 
 
4. The development of theories/concepts. 
Activity Theory (AT): 

 While the previous research done using AT were mostly in the discipline of computer technology 
development, this research contributes to developments of the application of this theory as to 
explain the phenomenon in built environment discipline.  

 Research findings describe that there is a linkage between the users’ activity with the technology 
required. The linkage is vivid that the functionality and adaptability of the façade is influenced by the 
users’ activity. This interaction between users’ activity and technology required is well described in 
the context of humid tropics in which it determines day-lighting and visual comfort level required for 
ensuring the activity conducted well. In sum, for assessing the functionality and adaptability of office 
building façade in humid tropical climate can be well described by using activity theory. Based on 
this theoretical basis, the research can also be well developed into the research conceptual 
framework. 
 
Day-lighting in Humid Tropic Climate. 
Slightly different from day-lighting for temperate climate (i.e. providing as much daylight); day-
lighting in Humid Tropics means not only providing as much daylight but it should be controlled as it 
is required. Hence, in addition to Knaack’s window concept of the function of the window, the 
building’s window in humid tropics climate has other task, i.e. not only as a sieve of the building but 
also as a climate regulator for controlling daylight as it is required. 
 
Climatic Design 
For day-lighting in the Humid Tropics, the sun trajectory and sky type are detrimental factors. For 
entering as much daylight, the light from low sky-fault which has characteristic of mild intensity 
should be entering freely in the room. The window design (i.e. glazing and shadings) thus, has a task 
for capturing the daylight. For distributing the light deep into the room, particularly in the noon 
time, the window has a task to redirect as well as to attenuate the bright light coming from high sky-
fault so that it is distributed until deep of the room. 
 

9.4. Future Research  
Based on the aforementioned, this study brings several questions recommending further research as 
outlined below: 

 There is a need to establish standards for day-lighting and visual comfort which are appropriate 
for workers in humid tropic. The standards which will be gained from laboratory research activity 
and should comprise into minimum and maximum daylight intensity, accepted brightness, and 
accepted luminance value ratio for working with computer. Rooms’ depth, window height. There 
is a need for a research on the development of façade for both the existing and new office facade 
in order to enhance the functionality and adaptability of the façade.  

 

 It is recommended for further research to seek ideal room’s depth and window area for office in 
humid tropic climate. Due to the limitation of field measurement in multi-case buildings as a 
means of data collection, the results might valid within many certain conditional aspects (e.g. 
rooms’ dimensions, interior finishing, furniture’s material and color, rooms’ altitude, etc), 
research using computer simulation is recommended in order to control other variables and to 
indentify which window variables are the most significant aspects influencing the functionality 
and adaptability of the façade. It is also beneficial to see the impact of each of these to indoor 
daylight and visual comfort. 
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 It is also recommended that future research is done to determine the relationship among the 
variety of window components and combined window and shading components in order to fulfill 
daylight and visual comfort requirements. This will enhance the understanding of the behavior of 
these façade components and provide the needed guidelines for the best façade design for office 
building in humid tropic. 

 

 For the existing building, since architectural strategies maybe too costly or difficult, the research 
focused on the application of appropriate additional technologies such as light-self and reflective 
ceiling and search for the optimization of these designs for better performance of day-lighting 
and visual comfort. It should comprise the dimensions, placements, and material characteristics 
of these technologies.  

 

 Finally, as daylighting mostly conflicts with the other indoor environment performance, it is also 
recommended that further research is conducted in conjunction to the following areas: 

 Performance assessment for optimization of façade for combined day-lighting/visual 
comfort and thermal aspects. 

 Performance assessment for optimization of façade for combined day-lighting and artificial 
lighting strategies. 

 Performance assessment for optimization of façade based on the users’ daylight and both 
daylight and thermal control behavior. 

 

9.5. Implications and Recommendations  
For the academics reason, this research implies that in order to reach sustainability of OBF in HTC, 
the functionality of OBF should be based on users’ requirements. Hence, education and research 
concerning OBF in HTC sustainability should comprise user’s activity, standards of requirements, and 
functionality and adaptability performance of building façade’s components.  
This research also implies that the practitioners should consider many aspects as outlined below: 

 Use the standards as benchmark for evaluating the functionality and adaptability of OBF in Hot 
Humid Tropics for office building that has the worker’s activity characteristics of detail type of 
office work, and working with computer.  
The standards are (1) daylight factors values between 2%≤DF ≤5% with minimum of 30% of total 
working area should fulfill this standard DF values;(2) luminance ratio of task (VDT screen) to 
adjacent surroundings (e.g. table, divider) max 3:1 or 1:3., task (VDT screen) and adjacent paper 
max 3:1 or 1:3, task (VDT screen) and immediate surroundings (windows, window frame, and 
blinds) max 10:1.  

      In addition, since most of the workers were sitting at the window (perimeter) area, the facade 
should (1) overcome over-lit and glare problems especially around the window perimeter, (2) 
penetrate until the deepest (6 meters) area of the working space.  

 Regarding the type of glazing used for visual comfort in HTC, reducing the visible transmittance of 
glazing in conjunction with solar radiation control is typically not advisable as it also reduces 
daylight intensity and penetration and might lead to a gloomy space appearance. It is 
recommended to use high visible transmittance glazing types with low solar heat gain coefficient 
(SHGC), such as reflective or spectrally selective glazing for allowing as much daylight while 
reducing solar heat gain. This large amount of daylight coming from the window will however be 
a source of glare, so that it is the task of blinds and the room’s surface brightness to balance the 
total room’s brightness. 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  
Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

 

181 
 

 For enhancing daylight penetration capability of high rise building in HTC it is advisable to make 
use of more indoor horizontal surfaces, particularly in the upper part of the window, as devices to 
reflect the incoming bright light coming from high sky-fault. 

 In respect to shading choices for visual comfort, there is a large selection of solar shading and 
control devices available. It ranges from fixed to movable, from exterior to interior, from 
manually to automatically controlled, and from simple roller blinds to the light guiding, light-
redirecting systems. Careful consideration needs to be given to the selection of shading devices 
to achieve the desired outcomes. For building in HTC, internal blinds, particularly one with high 
transmittance and considerably bright color can be mounted in balance with considerably bright 
interior surfaces to reduce excessive brightness contrast thus eliminate discomfort glare. To be 
applied at buildings in HTC, the metal Venetian blinds might be useful in reducing direct sunlight 
on a desk and the direct glare, but if they opened in certain angles, it can even exacerbate the 
window surface’s luminance thus causing glare. So that, the Venetian blind type should cautiously 
be applied in office building façade in HTC. The others interior shadings, such as perforated roller 
blinds and the vertical blinds are recommended to be applied at buildings in HTC since they can 
reduce the harsh light coming both from the low and high sky fault.  

 It revealed that it was difficult to make use only the interior blinds in order to meet façade’s 
adaptability requirements for both discomfort glare avoidance and daylight intensity at the same 
time. Recommendation that can be proposed is to make clerestory window by dividing the façade 
into two sections i.e. upper section is for controlling daylight intensity and lower section is used 
for glare control. Light self created as window segregation can be used to decrease sharp 
differences of daylight intensity between window perimeter area and deep of the room. 

 Good understanding of solar geometry, climate data of Humid Tropics Climate and available solar 
control options is essential for the designer, especially when the daylight is required while 
incoming solar radiation is needed to be excluded. 

 

9.6. Agenda for Enhancing the Functionality and Adaptability of OBF and 
Introducing the Research Results to Indonesian Government and 
Construction Industry 

Short term (for practitioners):  

 Enhancing the existing applied facades functionality by using appropriate technology such 
as adding interior light-shelf or other shading device, and reflective ceiling as daylight 
reflector. 

 Designing the façade by considering carefully the current users’ working activity 
requirements in every design stage. 

 Designing by making use of technology to support, supplement and enhance architectural 
decisions. 

Middle term (for decision makers and researchers):  

 Collecting data concerning the development of the modern office as to gain knowledge of 
modern office activity requirements.  Based on this standard visual comfort for working 
activities can be revised and developed. 

 Proposing the inclusion of other visual comfort standards (maximum daylight intensity 
and luminance ratios) as one of indicators in Indonesia’s office building’s green rating. 

Long term (for practitioners and researchers):    

 Enhancing sustainability of the future OBF in HTC by investigating and developing both 
the façade’s architectural and technological design based on the local/ vernacular’s basic 
idea.  
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Appendix 1:  

Major Conceptual Definitions 

 

 

Daylight: The diffuse light from the sun and the sky.  

Daylight intensity: the amount of luminuous from natural light. It relates to the required lighting 
level to perform certain visual task.  

Illuminance (illumination): a measure of how much the incident light illuminates a surface.  It is the 
density of luminous flux (light) that incidents on a surface..  

LUX  (Lx): The  metric  (SI) unit  of  measure  for  illuminance  of  a  surface.  It relates to the required 
lighting level to perform certain visual task One  lux  is  equal  to  one  lumen  per  square  meter (1 lx 
= 1lm/m2).  One lux equals 0.093 foot candles. 

Daylight  Factor  (DF):  a ratio  that  represents  the  amount  of  illumination  indoors  elative  to  
outdoors  at  the  same  time.  It  typically  is  calculated  by  dividing  a  value  of  horizontal  work  
plane  illumination  by  the  horizontal  illumination  available  as  measured  horizontally  on  the  
roof  of  the  building  being  test. 

Brightness: the subjective attribute of any light sensation (human visual perception of brightness) 
giving rise to the perception of luminous intensity – a subjective sensation (CIE, 1987). The 
quantification of brightness is luminance. 

Luminous: source of light 

Luminance: the luminous intensity of any surface in a given direction per unit or projected area of 
the surface as viewed from that direction. It is expressed in candela per square meter (cd/m2) 

Luminous flux: the total amount of light that a light source radiates per second in time. It is 
expressed in Lumen (1 lm= 1 cd.sr) 

Luminous intensity: the visible radiation of a source in a certain direction expressed in candela (cd) 

Glare: The effect of luminance or luminance differences (brightness) within the visual field 
sufficiently high to cause annoyance, discomfort, or loss in visual performance. Direct glare and 
reflected glare are normally distingushed as disability glare and discomfort glare.  

Disability glare: the type of glare that impairs vision or causes a direct reduction in the ability to see 
objects without necessarily causing discomfort (CIE, 1987).  

Discomfort glare: a sensation of annoyance or pain caused by high or non-uniform distributions of 
brightness in the field of view (IES, 1993). 

Direct glare: glare resulting from high-luminance or insufficiently shielded light sources in the field 
of view, or reflecting areas of high luminance and large area. Glare produced by a direct view of light 
sources.  It is often the result of insufficiently shielded light sources.   

Reflected glare: glare resulting from reflections of high luminance sources by surfaces in the field of 
view.  

Candela:  Unit  of  luminous  intensity,  describing  the  intensity  of  a  light  source  in  a  specific  
direction.  
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Contrast:  The  relationship  between  the  luminance  of  an  object  and  its  background. 

Reflectance:  The  ratio  of  light  reflected  from  a  surface  to  the  light  incident  on  the  surface.  
Reflectances  are  often  used  for  lighting  calculations.  The  reflectance  of  a  dark  carpet  is  
around  20%,  and  a  clean  white  wall  is  roughly 50% to 60%. 

Work Plane:  The  level  at  which  work  is  done  and  at  which  illuminance  is  specified  and  
measured.  For  office  applications,  this  is  typically  a  horizontal  plane  30  inches  above  the  
floor  (desk  height).   
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Appendix 2:  

Copy of Questionnaire Used (In Indonesian and English). 
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INDONESIAN: 

Tanggal            -   -       -     -          Gedung: SCTV Lt 19, Senayan City, Jakarta      

 

Survey Karakteristik dan Kebutuhan Aktifitas Kerja Pengguna 
 untuk Rancangan Tampang Bangunan Kantor  

yang Mendayagunakan Penerangan Alam 
 

 
ANGKET INI BERTUJUAN untuk mendapatkan data tentang karakteristik pengguna,  lingkungan kerja, dan 
kebutuhan aktifitas bekerja dalam  ruang kantor. Data yang terkumpul akan menjadi sumber informasi primer 
dalam rangkaian penelitian tentang rancangan/desain tampang bangunan perkantoran yang menjamin fungsi  
(kinerja dan kenyamanan visual dari penerangan alam) dan kemampuan adaptasi dari tampang bangunan 
sesuai kebutuhan aktifitas penghuni.    
Tampang  bangunan yang dimaksud dalam penelitian ini adalah permukaan luar berupa jendela (luasan, jenis, 
dan orientasi) serta elemen jendela lainnya yaitu tirai yang berfungsi untuk mencegah silau dan terang berlebih. 
Sedang aspek kinerja dan kenyamanan visual yang menjadi pertimbangan adalah:  intensitas dan distribusi 
penerangan alam, dan kesilauan. 
 
CARA PENGISIAN: 
1. Beri tanda silang pada kotak jawaban yang tersedia; contoh          Ya            Tidak          Tidak tahu 
 
2. Apabila anda memberi jawaban lain selain yang tersedia isilah pada pilihan “lainnya” kemudian sebutkan  

jawaban anda pada tititik-titik yang disediakan; contoh  
 
Tipe umum pekerjaan anda di kantor: 
     Mengetik         menulis         membaca         menghitung         lainnya ( sebutkan)………………….. 
 

3. Untuk menunjukkan posisi duduk, berilah tanda silang (       ) pada posisi meja dimana anda melakukan 
aktifitas kerja  saat  ini; contoh: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4. Pada setiap pertanyaan hanya diperbolehkan mengisi satu jawaban, kecuali bila tertera catatan bahwa anda  
dapat memilih lebih dari satu jawaban. 
 

BEBERAPA  DEFINISI  VARIABEL KENYAMANAN VISUAL yang digunakan dalam angket ini: 

Penerangan alam: Persebaran cahaya alam yang berasal dari matahari dan awan.  

Tingkat Penerangan (Intensitas): Jumlah cahaya yang diterima oleh meja/bidang kerja. Jumlah cahaya tertentu 
diperlukan untuk melakukan aktifitas kerja tertentu.  Sehingga, tingkat penerangan alam adalah jumlah cahaya alam yang 
diterima pada bidang kerja/meja. 

Silau: Akibat dari perbedaan tingkat penerangan alam yang cukup tinggi dalam area pandang mata. Perbedaan ini 

resepsionis 

 

Posisi duduk 
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menyebabkan gangguan konsentrasi kerja, ganguan/ketidaknyamanan penglihatan. 

Silau Langsung: Silau yang terjadi akibat tingkat penerangan yang terlalu tinggi atau sumber cahaya tak terlindungi yang 
masuk dalam area pandang mata.   

Silau tak Langsung: Silau yang terjadi akibat refleksi/pantulan sumber cahaya yang memiliki tingkat penerangan tinggi 
yang masuk pada area pandang mata.  

 

 

A. Aktifitas dan ruang kerja responden 
 

1. Tipe  dan klasifikasi kualitas dari pekerjaan utama anda: 
 

Aktifitas kerja membutuhkan kecepatan dan akurasi tinggi (membutuhkan kecermatan tinggi) dan 
dilakukan secara intensif. Yang termasuk dalam kategori ini: menggambar dengan atau tanpa 
komputer, menghitung, mensortir, melakukan pekerjaan yang sangat detil, dsb. 

Aktifitas kerja membutuhkan kecepatan dan akurasi tinggi (membutuhkan kecermatan tinggi) namun 
dilakukan tidak secara intensif. Yang termasuk dalam kategori ini: bekerja dengan komputer, 
membaca, menulis dengan tangan, menyusun file, mengadakan pertemuan atau  conference, dsb.       

Aktifitas kerja membutuhkan kecepatan dan akurasi sedang dan dilakukan secara intensif. Yang 
termasuk dalam kategori ini: melakukan interview, komunikasi dengan telepon, pengawasan, dsb. 

Aktifitas kerja membutuhkan kecepatan dan akurasi rendah. Yang termasuk dalam kategori ini: 
penerima tamu/resepsionis, berjalan dikoridor, memasak, membersihkan, dsb. 

Lainnya (sebutkan) ………………………………………………………………………………….. 
 

2. Bilamana anda umumnya melakukan aktifitas tersebut diatas (no 1)? 
 
 
        Pagi hari               Siang hari           Pagi dan siang hari        Waktu khusus lainnya (sebutkan)……….……  

 (08.00-12.00)       (13.00-17.00)      (08.00-17.00) 
 

3. Beri tanda (     )  untuk posisi duduk anda pada denah ruang kerja dibawah ini: 
 

 

4. Orientasi kursi dan meja kerja anda terhadap jendela terdekat secara garis besar: (catatan: 
jendela yang berjarak lebih dari 12 meter dari meja kerja anda dianggap sebagai dinding masif) 
 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  
Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

 

196 

 

    

      Membelakangi 
jendela 

 

 

Membelakangi, 
menghadap dan 
sejajar jendela 

     Menghadap jendela       Sejajar jendela Membelakangi dan 
sejajar jendela 

 

 

 

 

 

 

 
 
 
 

I. Intensitas Penerangan dalam Ruang Kerja (Daylight Intensity) 

1. Apakah anda membutuhkan 
penerangan alam  untuk aktivitas 
kerja anda? 

 
2. Apabila “Ya”, apa motivasi anda 

untuk menggunakan penerangan 
alam? 

 

3. Apabila anda memiliki kesempatan 
berpindah meja kerja, untuk tujuan 
mendapatkan penerangan alam 
yang cukup, apakah anda 
bermaksud pindah? 
 

      Ya 
 
 
 
Untuk 
relaksasi 
 
      
 
     Ya 

      Tidak 
 
 
 
Memotivasi 
kerja 
 
     
 
      Tidak 

 
 
 
 
Dekat 
dengan alam 
(sadar waktu 
dan cuaca) 
 

 
 
 
 
Hemat 
energi 
 
 
 

 
 
 
 
Lainnya 
(sebutkan)
…………

…………

…………

…………

……… 

 
4. Pada saat kapankah anda 

membutuhkan penerangan alam 
dengan intensitas (tingkat terang) 
yang cukup dapat masuk kedalam 
ruangan? 

 
 
Pagi hari           Siang hari         Pagi dan siang hari     Waktu khusus lainnya                       
(08.00-12.00)   (13.00-17.00)    (08.00-17.00)               
(sebutkan)…………….…  
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II. Kesilauan dalam Ruang Kerja (Glare) 

1. Apabila tirai terbuka, apakah anda  
merasa silau yang berasal dari arah 
jendela? 

      Ya       Tidak 
 
Catatan: Jika  “Tidak” , anda dapat melanjutkan pada bagian III. 

 
2. Apabila  “Ya”, sumber silau yang 

pada umumnya terjadi: 
 

     
 
Dari jendela 
(Langit terang 
yang terlihat 
langsung dari 
meja kerja)).  
 
 

       
 
Dari jendela 
(Cahaya 
matahari yang 
langsung 
menerpa mata). 

 
 
Pantulan 
cahaya di 
layar 
komputer. 

 
 
Material 
bangunan 
disekitar  
(dinding dan 
kaca) yang 
memantulkan 
cahaya.  

 
 
Perbedaan 
terang 
berlebih 
antara 
bidang 
jendela dan 
permukaan 
dinding 
disekitarnya
.   

3. Bilamana umumnya anda merasa terganggu akibat silau? 

Pagi hari (08.00-12.00) 

Siang hari (13.00-17.00) 

Pagi dan siang hari (08.00-17.00) 

Waktu khusus lainnya (sebutkan)............................ 

Tidak tahu 
 

4. Pada bulan apakah umumnya anda merasa terganggu akibat silau berlebih? 
 
 
      Maret-Mei         Juni-Agustus      September-Nopember        Desember-Pebruari    Bulan –bulan lainnya            Tidak tahu 
                                                                                                                                         (sebutkan)……………. 
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ENGLISH: 

Date            -   -       -     -                                                Building: 
………………………………………. 

 

Survey on Working Activities Requirements  
 for Functionality and Adaptability of Office Building’s Façade  

 
 
THE PURPOSE of this questionnaire is to identify office occupants’ working activities in relation to the user’s 
functional requirements for  visual performance and comfort using daylight. The goal of the research is 
providing functional and adapted building façade design principle for office buildings in Hot Humid Tropics. In 
this survey, the design concern of the facade includes glass window area, types and its orientation as well as 
other elements such as sunscreen/blinds for avoiding glare and controlling exessive brightness;  meanwhile,  
the aspects of visual performance considered are daylight intensity and distribution, and glare are the aspects 
of visual comfort.  
 
HOW TO FILL the questionnaire: 
5. Cross the box available; for example                                              Yes            No             Do not know 
6. Fill the box available; for example 
 
 

 

SOME DEFINITIONS OF VISUAL PERFORMANCE AND COMFORT VARIABLE used in this questionnaire: 
 
Daylight: The diffuse light from the sun and the sky.  

Daylight intensity: the amount of luminuous from natural light. It relates to the required lighting level to perform 
certain visual task.  

Glare: The effect of luminance or luminance differences within the visual field sufficiently high to cause 
annoyance, discomfort, or loss in visual performance.  

Direct glare is glare resulting from high-luminance or insufficiently shielded light sources in the field of view, or 
reflecting areas of high luminance and large area.  

Reflected glare is glare resulting from reflections of high luminance sources by surfaces in the field of view.  

 
 

A.Respondents’s working activities and space characteristics 
 

1. General type and classification of the quality of your particular work: 
 

Activity needs very  high speed and accuracy (high concentration) and be carried out 
intensively i.e.  drawing with or without computer, counting, sorting, working of any detail 
works, etc). 

Activity needs high speed and accuracy (high concentration) but  be carried not intensively 
i.e. working with computer, reading, writing by hand, filling, conducting meeting or 
conference, etc.       

Activity needs moderate speed and accuracy and be carried intensively (sedentary work) i.e. 
interviewing, telephoning, supervising, etc. 

Activity needs low speed and accuracy (rough work): reception, walking in corridor, cooking, 
cleaning, etc. 

Never opening the blinds 
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Others (please specify) ……………………………………….. 
 

2. Particular time used for conducting your  particular activities (no 1) 
 
 
              Morning          Afternoon      During working hours    Other specific time (specify)……….……  

      (08.00-12.00)  (13-17.00)     (08.00-17.00) 
 

3. Put cross  (     )  your exact sitting position (distance from the nearest window) in this office plan 
bellow : (note: this plan is just an example of SCTV building, other buildings have their own plan sketches) 
 

 

 
4. Approximate position of your desk relatives to the NEAREST window: 

 

    

     Against the 
window 

 

 

     Facing the window 

 

 

 

 

      Pararel to the 
window 

Both against and 
paralel to the 
window 

 

 

 

 

I. Daylight Intensity in Working Space 

1. Do you require using daylight for 
your working activity? 

 
2. If  “Yes”, what is your motivation 

     Yes 
 
 
 

     No 
 
 
 

 
 
 
 

 
 
 
 

 
 
 
 

Against, facing, parallel to the 
window 
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to do that? 
 

 
 
3. If there is a chance to move your 

sitting position, do you intend to 
do that in order to get sufficient 
daylight 

For relaxation 
 
 
 
 
      Yes 
      

For working 
motivation 
 
 
 
      No 
     
 

Close to 
nature 
 
 
 
 
 

Saving 
energy 
 
 
 
 
 

Other 
(specify)…

…………

…………

…………

…………

……… 
 
 

 
4. What time in particular do you 

mostly expect the room is 
daylighted sufficiently for 
working? 

 
 
Morning         Afternoon      During working hours            Other specific time                        

(specify)…………….
…  

      

II. Decreasing/Eliminating Glare in Working Space 
1. If the blinds are opened, do you 

ever feel glare from the window? 
 

      Yes       No 
Note: if  “No” , please proceed to section III. 

 
2. If  “Yes”, generally from where is 

the source of the glare? 
 

     
 
From window 
(Bright sky seen 
directly from the 
working desk).  
 
 

       
 
From window 
(Sun-light 
directly fall in 
eye’s field of 
view). 

 
 
Reflected 
bright sky and 
sun-light seen 
in computer 
screen 

 
 
Reflected 
(day)light from 
surrounding 
buildings’ 
materials (wall 
and glass) 

 
 
From the 
over-
bright 
surroundi
ng 
interior 
surfaces  

3. When do you feel annoyance (visually uncomfortable) due to glare 

Morning (08.00-12.00) 

Afternoon (13.00-17.00) 

All time 

Other specific time (specify)............................ 

Do not know 
 

4. What specific months do you feel that uncomfortable- glary daylight above are ussualy happened and very 
annoyed? 

 
 
      March-May     June-August     Sept-Nov            December-February   Other specific month            Do not know 
                                                                                                                     (specify)……………. 
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Appendix 3:  

Detail Procedures of Data Collections 

1. Identifying Buildings’ Facade Applied and the Rooms’ Surfaces Attributes   

The prosedure of the direct measurements in particular were by directing the light-meter’s sensor  
into different positions against each room’s surfaces. For example, for measuring the horizontal 
surfaces such as the floor and the working plan, two treatments of the device were done. First, the 
device was put in the floor with its sensor facing upward (against the surface) and the value of 
illuminance (the amount of light) received by the surface was recorded (figure 1). Second treatment 
was for identifying the amount of light leaving (reflecting) the surface. For this purpose, the sensor 
was faced downward (facing the surface) and the illuminance of the light reflected was recorded 
(figure 2).  

 

 

 

 

 

 

The same treatments but with different orientation of the device’s sensor were carried out for 
measuring the transmitivity of vertical surfaces such as the window, blinds and partitions. For 
example, for measuring the transmittance value of the window, the device’s sensor was first put 
outdoor in forward position against the window (figure 3). This was done for measuring the amount 
of light received at the window surface. Secondly, for measuring the light transmitted, the sensor 
was put indoor  (behind the window) in forward position and facing the window (figure 4).   

 

 

 

 

 

 

 

 

Figure 1. Measuring light received in horizontal 
surface 

 

Measuring light received 

sensor 

Floor surface 

10 cm 

 

 

Measuring light reflected 

10 cm 

sensor 

Floor surface 

 

Figure 2.  Measuring light reflected by horizontal 
surface 

 

window 

10 cm 

Outdoor Indoor 
 

 

window 

10 cm 

Outdoor Indoor 
 

Figure 3.  Measuring light received in transparent           
vertical surfaces 

Figure 4.   Measuring light transmitted by 
transparent vertical surfaces 



Office Building Facades for Functionality and Adaptability in Humid Tropical Cities:  
Multi-Case Studies of Office Buildings  in Jakarta Indonesia. 

 

202 

 

The same treatment was done for measuring the transmittance value of the blinds and other 
transparent partitions. But, for the opaque vertical surfaces such as dividers and partitions, both 
treatments were done by putting the device in front of the surface and treated as it was done for the 
horizontal surfaces. 

To identify other independent variables such as the window size and placement, drawing study on 
the building’s plan and section was carried out. 

To carry out this measurement on five office buildings, the researcher had been helped by two 
surveyors.  The measurement had been carried out in five days (11th - 14th of August, 2011). It was 
measured three times for each interior surface as well as the window and the blinds surfaces.  The 
measurement time at each building was from 11.00-13.00. That time was chosen for practical 
reasons i.e. employees’ break time and the light can be freely turned on/off.  

2. Measuring the Functionality and Adaptability of the Applied Facade   

2.1. Facade Functionality: Daylight Intensity and Daylight Penetration Measurements 
In this stage of functionality measurement, the primary activity was to identify two visual 
performance variables i.e. daylight intensity and daylight penetration. By measuring both indoor and 
outdoor horizontal illuminance,  it was intended to gain the indoor daylight factor performance. This 
type of measurement is viable in the countries close to the equator, like Indonesia because the sun 
shines straight overhead in the afternoon most of the year with noon sun angles of 66o (in June) to 
113.5o (in December). This high sun angle in this period contribute to an intense external 
illumination. Moreover, in hot-humid climates, the sky typically overcast (with the probability of 
occurence is 70-77%) and its luminance is often above 14.000 cd/m2 which result in very bright 
proportion of diffused radiation (Rahim, 2005). Due to this condition, it is meaningless to measure 
the functionality of the facade using absolute illuminance per se, as it is applied in lighting 
measurement. Therefore, the daylight  measurement was conducted in this research and it is 
measured using daylight factor  (DF) i.e. the ratio of the absolute internal illumination to the 
simultaneous external illumination in which it can be taken as a constant (Koenigsberger et al, 1974). 

Four surveyors had done the measurement on five office buildings. This measurement was 
conducted in the dry season when the sun contributes to the intense external illumination and the 
glare is mostly occured. For that reason, the measurements were conducted on 26th of July until 7th 
of August 2012 (a total of 14 working days), with the same time duration i.e. from 11.00 to 13.00. In 
those target month and time were determined not because of the extreme condition i.e. when the 
sun is in equinox for places in equator; but from a critical month and time i.e. typical months and 
time that the illuminance levels usually fall both below or above the target illuminance levels 
(Guzowski, 2000; Rahim, 2009). At that time the bright proportion of diffuse radiation from the sky 
fault and the cloud occurred. Besides that it is determined based on practical considerations i.e the 
rooms were unoccupied due to lunch and pray time so that the blinds were freely to be opened and 
closed and the lights were turned off automatically due to energy saving reason.  At this time, the 
sky was mostly partly cloudy or covered sometimes with a thin grey cloud.  

To investigate the performance of building’s facade which comprises of two materials i.e. window 
glass and blinds/curtain, each building case was measured in two scenarios. First scenario was to 
measure the performance of window glass. The window glass performance was measured with no 
blinds (the window’s blinds were fully opened). Second scenario was aimed to measure the 
performance of window’s blinds/curtains. The window was measured with the blinds were totaly 
closed. Three prosedures were taken in the measurement for those both investigations i.e. (1)Four  
ISO TECH light-meters were  used to measured the absolute illuminace. These are put serially on the 
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nodes. The nodes were points of possible working desks position in the room. It measured absolute 
illuminance values in working planes (see fig 5). (2) One ISO TECH light meter was mounted in the 
open field outdoor close to the measured building case in 1 M high tripod in the ground. This 
measured outdoor horisontal illuminace simultaneously with the indoor illuminance measurement 
(see figure 5). The outdoor illuminance measurements were taken simultaneously with the indoor 
illuminance measurements.(3) Room measured in each building case were facing variable.  

 

 
 
 
 
 
 

 

 

 

 

 

 
 
 
Data on the daylight factors performance of the rooms were collected by calculating nodes. The 
nodes are points made on the rooms’ plan where the latitude and longitude grids of building plan 
were met. This nodes analysis was used for some reasons. First, task location are often ambiguous or 
changed frequently, so the nodes can be considered as representative of those ambiguous task 
locations within the space. Secondly, they were used to identify the visual performance in different  
area positions (i.e. the performance of nodes in different distance from the window and in their 
different orientation). Thirdly, they were used to ease their visual performance comparation within 
the same building case and among different buildings’ case. The  nodes were named according to 
their position in the room’s plan. Alphabetic numbers were used to identify the position of group of 
nodes along the width/the depth  of the room’s plan with 3 meters interval in distance (namely 
group of nodes A, B,C, D, etc). Three meters intervals were determined as the ideal depth that can 
be daylitted by conventional window for identifying daylight penetration capability (IES, 1993) and 
the numbers stretched out from West to East or North to South (depended on the orientation of the 
room’s depth). Conversely, numeric numbers were used to name group of nodes along the length of 
room’s plan with 6 meters interval in distance (namely 1,2,3,4, etc). Thus each node was the 
resultant of its certain distance from the window walls (see fig 6). From those grids, the nodes in the 
space can be categorized into some zones and analised according to their zones such as zone “A” for 
the nodes located  at  0-6 meters from the window’s perimeter, and  zone “B” and “C” for  nodes 
located at 6-12 meters and more than 12 meters from the window’s perimeter respectively. Nodes 
determinations for all five case buildings are depicted in figures below. 
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Fig 7. Nodes Determination on SCTV Building 
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Fig 9. Nodes Determination on Grha XL Building 

Fig 8. Nodes Determination on Jamsostek Building 
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2.2. Facade Functionality: Glare measurement 
Functionality measurement included glare measurements. As discussed in literature review in 
chapter two, this research considers discomfort glare as one of daylight visual comfort parameter. 
To gain this value, the luminances of the surfaces captured in the users’ field of view were measured 
and the ratios of these were calculated.  
 
Since the rooms studied and the sitting positions were variable, the points and means of 
measurement were determined with some considerations: 

 Points of measurements were determined on the work planes located in zone I (0-3 m from the 
nearest window distance). This is chosen since this area mostly suffers from great disparity of 
surfaces’ brightness due to the shade and shadow created from window day lighting. 

 In each orientation of the window, those working planes which were majority oriented parallel to 
the window were chosen (see figure 11). The points of measurements in each case building’s 
working space plane can be seen in table 1. 

 Luminance measurements were taken using digital Photometer (Hagner S4 photometer that had 
been calibrated in January 2013). The photometer was held at 1.0 m high (the assumption of the 
height of the workers’ eyes when sitting on their work plane) and at the worker’s chairs position 
(figure 12). For gaining the field of view, the luminance meter was focused to approximately 40o 
in altitude and 90o in azimuth (as the area of the human field of view)so that it was measuring the 
table with paper and VDT tasks and its surrounding surfaces (window, window sill, and walls) (Loe 
DL, et al, 2000) (figure 13).  

 The luminace measurements were taken when the window blinds were totally opened. 
 
 
 

 

Fig 10. Nodes Determination on Energy Tower Building 
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Table 1. Points for glare measurements in each building case 

No. Buildings Points measured in building’s plan (in the area of zone I) 

1 SCTV Tower 
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2 Jamsostek 

 
3 Ghra XL 

 
 

4 IKPT 

 
5 Energy Tower 
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2.3. Facade Adaptability: Blinds’ slat angle and occlusions 
The second stage was to identify the adaptability of the existing façade. The identification was 
conducted by identifying the slat angles possibilities of both the horizontal/venetian and the vertical 
blinds; and the occlusions value of the roller blind.  For the horizontal/venetian and the vertical 
blind, the slat angles possibilities were identified by measuring the maximum and minimum 
occlusions width values (see figure 14); while for the roller blind, the possible occlusion values were 
measured by metering the minimum occlusion (when the blind closed) and the maximum occlusion 
(when the blind opened) (see figure 15). 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A majority of parallel to the window sitting position was considered for measuring the adaptability 
of the facade. That sitting position was similar to that for measuring glare for the fuctionality. The 
difference was the measurements points were not only one i.e. for measuring the luminance 
distribution per se; but they were two i.e. for measuring the luminance distribution as well as for 
measuring the daylight intensity (figure 16).  
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Figure 14. The identification of blinds occlusions (X) to determine the slat angles possibilities () of the venetian 
blind (left) and the vertical blind (right) 

 
 
 
 

 

Figure 15 The identification of blinds occlusions (X) of the roller blind 
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Figure 16.    Example of points measured for luminance distribution (     ) and daylight intensity (      ) in parallel 

sitting position. The daylight intensity level was measured on desk and the luminance ratio was 
measured in some points in the field of view area (left). Process of measurement at the same 
time Luminance and Illuminance (right) 

 
 
Three types shading devices were evaluated in this activity. They were venetian/horizontal, vertical, 
and roller blinds. However, since they are embedded to different type of glazing, the measurement 
and the analysis consider these aspects. Concurrently, for all five office buildings, four different 
combinations of window glass and shading were simulated. They were tinted glass-roller blinds 
(SCTV building), tinted glass-vertical blinds (Jamsostek building), reflective glass-roller blinds (Ghra XL 
and Energy Tower buildings), and reflective glass-venetian blinds (IKPT building).  
 
The blinds were treated in several scenarios. The scenario was made for indentifying whether the 
blinds with certain angles and occlusions provided performances which met or did not meet the 
standard requirements. For the venetian and the vertical blinds, their slat angle were adjusted to 
some angles i.e. from 0O (totally closed) to 135o (opened) with 45 degree intervals (figure 17 and 18); 
while for the roller blinds the occlusions measurements were from 0 (totally closed) to 200 (totally 
opened) with the interval of 50 (figure 19). Since it is difficult to adjust the slats in precise angle, the 
occlusion (distance between slats) can be used as medium. The formula as suggested by Danny  and 
Lam (2001) was used to convert the slat angle to slat occlusion width values.  
 
 
 
 
Where: 
 
 
 
 
 
 
 

X= H-W sin () 

 = Vertical / horizontal shadow angle required   

X= The distance between slats after angling the blinds  

H=The original distance between the slats 

W=The width of the slats 
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Plan  drawing of vertical blind showing  its slats angle () and occlusions 

width  (X and H). 
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Figure 18.   Slat angles width studied of the vertical 
blind 

Figure 19.   The occlusions width studied of the 
roller blind 

Figure 17    Slat angles studied of the venetian blind (left) and slat angles positions of the venetian 
blind (right) 
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