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Our Ref :  
 
 
 
Date  : 6 February 2015 
 
 

Dear Sir/Madam 

 

INDUSTRY CONSULTATION ON REVIEW OF REQUIREMENTS ON DAYLIGHT 

REFLECTANCE OF MATERIALS USED ON EXTERIOR OF BUILDINGS 

In land scarce Singapore, it is inevitable that buildings will be built closer and 

taller.  Also, in the recent years, architects and developers are seen to prefer building 

designs with glass and metal facades, and metal roofs.  These have contributed to the 

increasing number of feedback on disamenity associated with glare from buildings. 

 

2 As the range of materials that could be deployed for building façade is now wider, 

BCA views that the control of glare should no longer be ignored and constrained to just 

glass.  Therefore, BCA amended the regulation to extend the control of daylight 

reflectance in the current Sixth Schedule of the Building Control Regulations to non-

glass materials in October 2013. 

 

3 This current review is part of BCA's ongoing process of conducting regular 

reviews of its rules and regulations to provide greater clarity to existing provisions. 

Following the feedback by industry, BCA has prepared a technical paper for industry 

consultation. The paper discusses the background of the control of daylight reflectance 

of materials used on the exterior of buildings and seeks comments on the proposed 

approach/measure going forward to address concerns of the stakeholders with respect 

to the existing regulatory control.  Comments/views from individuals are also welcome. 

 

 
Building Plan and Management Group 
Building Plan and Advertisement Licensing 
Department 
 
Tel: 6804 4374  
Fax: 6334 2428  
 



4 We would appreciate it if your comments/views could reach us before 8 April 

2015. You may send your feedback to us in email or snail mail at the following contact: 

 

Email: tan_yu_jun@bca.gov.sg 

 

Building Plan and Advertisement Licensing Department 

Building and Construction Authority 

52 Jurong Gateway Road #10-01 

Singapore (608550) 

(Attn: Tan Yu Jun) 

 

 

Yours faithfully 
 

 
 
 
TEO ORH HAI 
DIRECTOR 
BUILDING PLAN AND MANAGEMENT GROUP 
for COMMISSIONER OF BUILDING CONTROL 
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Date : 6  February 2015  
From : Building Plan and Management Group, Building and Construction 

Authority  
Purpose : For  industry comments 

 

 
REVIEW OF REQUIREMENTS ON DAYLIGHT REFLECTANCE OF MATERIALS 
USED ON EXTERIOR OF BUILDINGS 

Aim 

 The paper discusses the background of the control of daylight reflectance of 
materials used on the exterior of buildings and seeks comments on the proposed 
approach/measure going forward to address concerns of the stakeholders with respect 
to the existing regulatory control. 

 

Background 

Regulations on Daylight Reflectance in Singapore 

2 In land scarce Singapore, it is inevitable that buildings will be built closer and 
taller.  Also, in the recent years, architects and developers are seen to prefer building 
designs with glass and metal facades, and metal roofs.  These have contributed to the 
increasing number of feedback on disamenity associated with glare from buildings. 

3 Since 2010, BCA has received a total of 55 feedback cases on glare from 
buildings.  In particular, in 2012 and 2013, the number of feedback cases received was 
about four to five times the average number of feedback on glare received in past years.  
In the first half of 2014, the number of such feedback from the past projects was 10 
times the average received pre-2012. 

4 Thus, in October 2013, BCA amended the Sixth Schedule of the Building 
Control Regulations extending the control on daylight reflectance of 20% to other 
materials used on the exterior of the buildings.  Please see Annex A for the history of 
control on daylight reflectance of building façade under the Building Control Act. 

 

 



Feedback from Industry on October 2013 Amendment to Sixth Schedule 

Limitation in Choices of Materials 

5 Since the amendment to the Sixth Schedule in October 2013, BCA has 
received several feedback from the industry.  The main concern is that the choice of 
colours will be limited to dark colours since light colours generally have a daylight 
reflectance beyond 20%.  The industry has also asked if this requirement would then 
affect the energy efficiency of buildings since less reflection would mean more heat 
absorption.  Given this unique “glare” phenomenon in Singapore, BCA’s response is 
that a balance would have to be struck between this phenomenon, which causes dis-
amenity, and sustainability.  

Standard for Measuring Reflectance of Material 

6 On a separate note, given that there is no control on the source from where 
the materials are procured, the industry is also concerned with the standard of 
measurement for the reflectance values of the materials for consistency and a level 
playing field. 

 

Review of Requirements on Daylight Reflectance 

7 Following the feedback, BCA has met up with representatives from the various 
interest groups including Singapore Institute of Architects (SIA) and Workgroup of 
Singapore Standard SS 370: Code of Practice for Metal Roofing, as well as academic 
experts to better understand the problems faced and possible solutions.  In addition, 
BCA has gathered information on daylight reflectance values of many cladding and roof 
materials via projects and suppliers.  

8 In reviewing the requirements on daylight reflectance of building façade 
material, BCA took into consideration the following factors. 

a) Regulatory requirements and practices, and past cases in other cities. 

b) Factors affecting daylight reflectance. 

c) Methods of measurement of daylight reflectance. 

 

Control on Daylight Reflectance in Other Cities 

Australia 

9 Major cities in Australia, such as Canberra, Sydney, Melbourne and Brisbane, 
have requirements limiting the maximum daylight reflectance of glass used on the 



exterior of the buildings at 20% under their planning guidelines.  Specifically in Sydney, 
the control on daylight reflectance limit of 20% is extended to cover non-glass material 
as well. 

United States of America 

10 Currently, there is no law limiting the reflectance allowed on the building 
façade in US.  Nonetheless, there had been two high profile cases relating to the 
disamenity due to sunlight reflections reported.  The most recent case which took place 
in 2013 involved a 42-storey condominium in Dallas which led the City Council to 
consider introducing regulation on specular reflectance of building façade materials.  
See details of the two cases at Annex B. 

United Kingdom 

11 Similar to US, UK also does not have any control on daylight reflectance for 
building façade.  However, in 2013, a high profile case on sunlight reflection off the 
façade of a new building in London was reported in many news publications both in and 
outside UK.  See details of the case at Annex B. 

 

Control on Reflectance in Singapore 

12 With improvements in construction technology and material science, the 
demand for more aesthetically pleasing/unique outlook for buildings increases.  The 
range of materials, including texture and colours, that could be deployed for building 
façade is now wider.  Therefore BCA views that the control of glare should no longer be 
ignored and constrained to just glass.  In fact, as pointed out in the earlier paragraphs, 
Sydney City Council has been regulating the daylight reflectance for all building façade 
materials (both glass and non-glass) since about 1992. 

13 The current control on daylight reflectance for non-glass material is thus 
relevant.  On the measuring unit of light reflectivity of material, BCA notes that 
reflectance value, instead of gloss unit, is used by the authorities in other jurisdictions.  
Even in US, where gloss unit is commonly used for metal surfaces, the Dallas City 
Council had proposed to set its control based on specular reflectance when considering 
regulating the matter. 

 

Facts behind Daylight Reflectance 

14 When light falls onto a surface, part of it will be absorbed by the material 
(absorption), part of it reflected off the surface of the material (reflection) and, the 
remaining transmitted through the material (transmission).  The amount of absorption, 
reflection and transmission of light are affected by: 



a) Texture 

The rougher the surface, the more light energy will be absorbed, implying 
less light energy is being reflected off the surface.  In addition, a rough 
surface will have a higher diffuse reflectance than a smooth surface. 

b) Colour 

A dark-coloured surface absorbs more light energy than a light-coloured 
surface. 

c) Opaqueness of the material 

A less opaque material will allow more light to pass through it than an 
opaque material, thus reflecting less light than the latter. 

15 With improvements in technology, anti-glare coatings could be applied to the 
surface of the material to reduce reflection. 

16 Specifically, daylight reflectance is a measurement of the percentage of the 
visible light (i.e. wavelengths between 380nm and 780nm) reflected off the material 
surface.  There are two components in daylight reflectance, namely the specular 
reflectance and diffuse reflectance.  Daylight reflectance refers to the sum of the 
specular reflectance and diffuse reflectance of the material.  Specular reflection is the 
mirror-liked reflection of a beam of light from a surface, in which the beam from a single 
incoming direction is reflected into a single outgoing direction.  However, in the case 
when the light beam falls onto a rough surface, the rays of light will be reflected in 
different directions, vis-à-vis diffuse reflection.  Please see illustrations in Annex C. 

Daylight Reflectance = Specular Reflectance + Diffuse Reflectance 

 

17 Glass, however, can behave quite differently in certain circumstances.  It is a 
phenomenon in glass that no matter how low the reflectance value is, it is still able to 
reflect light like a mirror when the angle of incidence of the light goes beyond the critical 
angle which is dependent on the property (refractive index) of the glass.  Please see 
details at Annex C. 

Approach towards Regulating Reflectance 

18 Building Façade.  For building façade, BCA proposes to allow any material 
(other than glass) with a specular reflectance not exceeding 10%, without any limit on 
the daylight reflectance.  Given that specular reflectance is the property of the material 
responsible for having regular sun ray reflections, it is a certain ‘culprit’ of the glare 



disamentity.  Thus, if the specular reflectance could be kept low, the problem on 
sunlight reflection could still be addressed.       

19 Since the implementation of the daylight reflectance control on non-glass 
materials, to-date, BCA has allowed the use of materials based on the above criteria as 
described in Para 18,  more than 150 cases on a case-by-case basis, and no feedback 
on glare disamenity has been received so far from these new projects. 

20 Moreover, based on the information on daylight reflectance values of cladding 
and roof materials via projects and suppliers, most samples with light colour were able 
to meet the limit of 10% specular reflectance.  The information provided by metal 
roof/cladding suppliers also shows that there is a wide range of choices available in the 
market that could comply with this limit (see Annex D). 

21 Building Roof.  For building roof, the issue is more complicated.  Based on 
data collected on the roofs in past feedback cases, the specular reflectance of the roofs 
were below 10%.  It appears that diffuse reflectance, the angle of the pitched roofs and 
the close proximity of the neighbouring properties also play a part in causing the dis-
amenity (please see illustrations below), especially if they are 45° attic roofs which may 
face the neighbour’s rooms. 

 
 

22 Thus, for roofs inclined at 20° and above, BCA proposes to continue to control 
the daylight reflectance at 20% with specular reflectance not exceeding 10%. 

23 On meeting the Green Mark Solar Reflectance Index (SRI) value of 40 and 
above, BCA understands that, though limited in choices, there are metal roofs available 
in the market that are able to meet the proposed control.  Metal roof suppliers can 
develop more options that can be non-reflective while meeting sustainability objectives. 

24 Glass Façade/Roof.  For glass façade/roof, it is recommended to retain the 
current 20% cap on the daylight reflectance for glass. 



25 As explained at paragraph 17 and in Annex C, glass is able to reflect light 
like a mirror when the angle of incidence of the light goes beyond the critical angle 
regardless of the reflectance value.  In addition, unlike other non-glass opaque material, 
the main mode of heat transfer via glass into the building is the transmission of solar 
radiation through glass.  It would therefore be counter-productive to try to keep the glass 
reflectance value low and, as a consequence, sacrifice the efficiency in keeping out 
heat due to solar radiation through the glass into the building. 

26 Moreover, the restriction on 20% daylight reflectance for glass has been in 
place since 2004 without much problem. 

 

How are Reflectance Values measured? 

27 On the measurement of reflectance values of materials, the common method 
is done by using a spectrophotometer.  There are several types of spectrophotometers.  
Generally, the larger the diameter of the measuring sphere of the spectrophotometer, 
the more accurate would be the reflectance values derived. 

Acceptable Standard of Measurement 

28 While it was mentioned in the circular issued in October 2013 that the testing 
of the reflectance values of the materials must be conducted by an accredited 
laboratory by Singapore Accreditation Council (SAC), BCA did not specify the standard 
of test.  

29 BCA recommends that the test to be conducted in accordance with ASTM 
E903: Standard Test Method for Solar Absorptance, Reflectance, and Transmittance of 
Materials Using Integrating Spheres or equivalent.  It is important to note that while 
E903 sets out the procedure and method of testing the reflectance of materials over the 
general spectral range, which is beyond the visible light range, for the purpose of 
complying with the Building Control Regulations readings within the visible light range 
will suffice. 

 

Recommended Changes to Requirements on Reflectance for Building 
Façade 

30 In summary, BCA recommends the following changes to the reflectance 
requirements on building façade materials. 

a) For building façade, to allow any material (other than glass) with a 
specular reflectance not exceeding 10%, without any control on 
daylight reflectance. 



b) For inclined roofs at 20 degrees and above, BCA proposes to allow any 
material (other than glass) with a daylight reflectance not exceeding 
20% with specular reflectance not exceeding 10%.  For inclined roofs less 
than 20 degrees, to allow any material (other than glass) with a specular 
reflectance not exceeding 10%, without any control on daylight 
reflectance.     

c) For glass façade or roof, BCA proposes to retain the current requirement 
to allow any material with a daylight reflectance not exceeding 20%. 

d) For testing standard for reflectance values BCA recommends that the 
test to be conducted in accordance with ASTM E903: Standard Test 
Method for Solar Absorptance, Reflectance, and Transmittance of 
Materials Using Integrating Spheres or equivalent.  The test reports will 
have to be submitted as part of documents for the issuance of TOP. 

31 Notwithstanding the above, BCA is prepared to review any application for 
deviation from the above, provided sunlight reflectivity studies including modelling 
covering the impact of the vicinity of the subject building. The Qualified Person will have 
to evaluate the adequacy of the study, ensure that the results are acceptable and certify 
that the design of the building façade will not cause disamentity to the occupants in the 
neighbouring buildings.      

For Discussion 

32 The above is for industry comments, please 



 
Annex A 

 
History of Control on Daylight Reflectance of Building Façade 

The control on daylight reflectance of glass used on the exterior of the buildings was 
first introduced in the Building Control Regulations in 1989, in response to the 
increasing trend of highrise buildings in the Central Business District (CBD) using 
reflective glass windows.  Only glass with a maximum daylight reflectance1 of 10% was 
allowed to be used on the building façade.  The concern then was mainly on the 
compromised safety of the motorists due to sun glare reflected off these reflective 
façade.  There was however no control on the reflectance of other material used on the 
building façade. 

In 2004, with the rise in awareness in environmental sustainability and in tandem with 
the tightening of the requirements on thermal transfer via building envelope2, the control 
on daylight reflectance of glass was relaxed to 20% under the Sixth Schedule of the 
Building Control Regulations. 

 

                                            
1
 Daylight reflectance is the total of sum of the specular reflectance and diffuse reflectance. 

2
 Prior to 2004, the control on thermal transfer via the building envelope was regulated via the Overall 

Thermal Transfer Value (OTTV).  In 2004, OTTV was replaced with the Envelope Thermal Transfer Value 
(ETTV) which is a more accurate and stringent method of calculating the envelope thermal transfer for 
buildings in the tropics. 



 
Annex B 

 
REPORTED HIGH PROFILE CASES ON SUNLIGHT REFLECTION IN OTHER 
COUNTRIES 

United States 

Walt Disney Concert Hall 

The Walt Disney Concert Hall at Los Angeles, US, ran into reflection problems in 2003 
as the highly-polished stainless steel panels on the façade of the exterior complex 
reflected excessive glare onto adjacent buildings and surroundings.  There was also an 
increase in traffic risks due to the blinding sunlight reflected from the panels.  As a 
result, portions of the stainless steel facade had to be sandblasted and dulled to reduce 
the glare problems.  Please see articles (Gehry Would Blast Glare Off Los Angeles 
Showpiece (The New York Times), Whose Bright Idea Was This? (The Los Angeles 
Times)) with regard to this case. 
 
 
Museum Tower in Dallas 

In 2013, arising from feedback on reflection glares from a 42-storey residential 
condominium, Museum Tower in Dallas (see Dallas Tower Glare Blinds Arts District, 
(ABC News)), the City Council had considered introducing a maximum 15% specular 
reflectance value on new and redeveloped properties for all materials on the external 
surface of the buildings.  BCA understands that the City Council has put the proposed 
legislation on hold. 
 
 
United Kingdom 

In 2013, a building still under construction at 20 Fenchurch Street, nicknamed the 
‘Walkie Talkie’, ran into reflection problems as the concave glass for the windows of the 
skyscraper reflected intense sunlight onto the adjacent streets.  The intense reflected 
sunlight was blamed for warping the exterior components of a luxury Jaguar XJ car.  
According to reports, the glare caused by the reflection is six times brighter than the 
average light readings in the commercial district.  See Walkie Talkie Tower: Shield 
Erected To Stop Building Melting Cars (The Huffington Post), The Walkie Talkie melted 
my Jag! (The Daily Mail). 
 

http://www.nytimes.com/2004/12/02/arts/design/02gehr.html?_r=0
http://www.nytimes.com/2004/12/02/arts/design/02gehr.html?_r=0
http://articles.latimes.com/2004/feb/21/local/me-disney21
http://articles.latimes.com/2004/feb/21/local/me-disney21
http://abcnews.go.com/blogs/headlines/2012/06/dallas-tower-glare-blinds-arts-district/
http://abcnews.go.com/blogs/headlines/2012/06/dallas-tower-glare-blinds-arts-district/
http://www.huffingtonpost.co.uk/2013/09/04/walkie-talkie-tower_n_3866899.html
http://www.huffingtonpost.co.uk/2013/09/04/walkie-talkie-tower_n_3866899.html
http://www.dailymail.co.uk/news/article-2409073/Walkie-Talkie-melted-Jag-Londons-Fenchurch-Street-skyscraper-melts-businessmans-car.html
http://www.dailymail.co.uk/news/article-2409073/Walkie-Talkie-melted-Jag-Londons-Fenchurch-Street-skyscraper-melts-businessmans-car.html


 
Annex C 

 
Properties of Material affecting Daylight Reflectance, Specular Reflectance and 
Diffuse Reflectance 

When light falls onto a surface, a percentage of the light is absorbed by the material 
(absorption), and some are reflected off the surface of the material (reflection) and if the 
material is not opaque the rest of the light will be transmitted through it (transmittance).  
Please see illustration below. 

 

Daylight reflectance is a measurement of the percentage of the visible light (i.e. 
wavelengths between 380nm and 760nm) reflected off the material surface. 
 
There are two components in daylight reflectance, namely the specular reflectance and 
diffuse reflectance.  Daylight reflectance refers to the sum of the specular reflectance 
and diffuse reflectance of the material.  Specular reflection is the mirror-liked reflection 
of a beam of light from a surface, in which the beam from a single incoming direction is 
reflected into a single outgoing direction.  However, in the case when the light beam 
falls onto a rough surface, the rays of light will be reflected in different directions, vis-à-
vis diffuse reflection.  Please see illustrations below. 
 

 



  

Thus, properties of material that can affect the values of daylight reflectance, specular 
reflectance and diffuse reflectance include: 
 

a) Texture of surface 

The rougher the surface, the more light energy will be absorbed, implying 
less light energy is being reflected off the surface.  In addition, a rough 
surface will have a higher diffuse reflectance than a smooth surface. 

This means, if one desires a lower specular reflectance but have little 
concerns over the control of diffuse reflectance, he could simply roughen 
the surface of the material to achieve it. 

b) Colour of surface 

A dark-coloured surface absorbs more light energy than a light-coloured 
surface.  This means the total amount of light being reflected off the 
surface of the material.  To achieve a low daylight reflectance value, a 
dark-coloured material is preferred over a light-coloured material. 

  

If the surface is rough, the light rays 
will reflect and diffuse in many 

different directions. 

If the bundle of light rays is incident 
upon a smooth surface, then the light 
rays reflect and remain concentrated 
in a bundle upon leaving the surface. 



c) Opaqueness of material 

A less opaque material will allow more light to pass through it than an 
opaque material, thus reflecting less light than the latter. 

d) Anti-Glare Coating 

With improvements in technology, anti-glare coatings are available to be 
applied on the surface of the material to reduce reflection. 

For glass (and any transparent medium), it is a phenomenon that no matter how low the 
reflectance value is, it is still able to reflect light like a mirror when the angle of incidence 
of the light goes beyond the critical angle which is dependent on the property of the 
glass (or the transparent medium).  Please see below illustration with glass and air. 
 
 

 
 
Therefore, glass technically becomes more reflective when the angle of incidence of the 
light increases.  Please see overleaf attached extracts from “Reflectivity. Dealing with 
Rogue Solar Reflections.” by Professor David N. H. Hassall (1991), Faculty of 
Architecture, University of New South Wales 
 

Glass 



 

Chart #1: Change in Reflectance Value of Glass with Increase in Angle of 
Incidence of Light  
 
 

 



 
Annex D 

 
Coloured Metal Cladding/Roofing 
 
Colours meeting 20% total reflectance and 10% spectral reflectance for roofs 
 

Colours  

(1Daylight Reflectance% 2Diffuse Reflectance% 3Specular Reflectance % ) 

 

 

 



Colours  

(1Daylight Reflectance% 2Diffuse Reflectance% 3Specular Reflectance % ) 

 

 

 
 



Colours meeting 10% spectral reflectance for facades 

Colours 

(1Daylight Reflectance% 2Diffuse Reflectance% 3Specular Reflectance % ) 

 

 



Colours 
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Colours 
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Paints (all have specular reflectance   ~1%) 

Colours meeting 20% total reflectance (Daylight reflectance) 
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Colours meeting 10% spectral reflectance (Daylight reflectance) 
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