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ABSTRACT 

The paper attempts to analyze the relationship 
between surface colour reflectance and lighting 
power density for a given context. Analysis was 
based on digital modelling using validated lighting 
simulation tool. The study establishes itself on the 
premise that grey value of colour can be presumed to 
calibrate the luminous character of light. Also, it 
evaluates the impact of vertical and horizontal planar 
interior elements�’ reflectance and its impact on LPD. 
This is done through different scenarios derived from 
the basecase. All derived scenarios were then 
confirmed to the established visual comfort standard. 
The results were collated to develop a colour chart. 

INTRODUCTION 
To comprehend the effect of surface reflectance on 
the lighting effectiveness in interiors one needs to 
first grasp the meaning of interior space, its inter-
relationship with energy efficiency, need for energy 
efficient strategies and the concepts of colour, light 
and reflectance. The above relation achieved hereby: 

Interior space, design: its meaning and nuances: 
Interior Space is concerned with anything that is 
found inside a space - walls, windows, doors, 
finishes, textures, light, furnishings and furniture. All 
of these elements are used by designers to develop a 
functional, safe, and aesthetically pleasing space. The 
goal is to produce a coordinated and harmonious 
space. Interior Space design is the process of shaping 
the experience of interior space, through the 
manipulation of spatial volume as well as surface 
treatment.  
Interior Space Design and Energy Efficiency: a 
connotation to conscious designing: An interior 
space must adhere to code and regulatory 
requirements, and encourage the principles of 
environmental sustainability. Thereby, work of an 
interior space designing draws upon many disciplines 
including environmental psychology, lighting, air-
conditioning and aesthetics, etc. For more effective 
solutions and integrated approach, it is not only the 
domain of an interior designer or an architect but 
lighting designers, HVAC consultant, civil engineer, 
the electrical engineers, etc.  
Interior lighting Design and need for Energy 
Efficient strategies: an understanding: Lighting 

design as it applies to the interior built environment 
is both a science and an art. Comprehensive lighting 
design requires consideration of the amount of 
functional light provided, the energy consumed, as 
well as the aesthetic impact supplied by the lighting 
system. Lighting includes use of both artificial light 
sources and natural daylight. But artificial lighting 
represents a major component of energy 
consumption, accounting for a significant part of all 
energy consumed worldwide. Findings from a survey 
on energy end use intensities in commercial 
buildings, by U.S. Department of Energy, shows that 
lighting consumes 25 �– 30% of energy as shown in 
Figure 1. Also, commercial buildings, in particular 
Office Buildings are one of the largest components of 
Building Electricity Use.  
 

 
Figure 1 Lighting energy use compared to the other 

energy use 
 

Addressing Indian context, the share of electricity 
used, about 15 �– 18 % of the total electricity 
generated is used for lighting purposes. Thus it 
represents a critical component of energy use. 
 
Nevertheless there are several strategies available to 
minimize lighting energy consumption in a building. 
Many research standards like IESNA, IRC, etc. have 
developed scientific bases for lighting, consider and 
identify surface colour, reflectance, daylight 
availability, glare and, light distribution as prime 
issues to perpetuate efficient interiors.  
 
Interior Colour, Light, Surface Reflectance and 
Efficient space design: Colour is one of the most 
dominant spatial elements in the interior built 
environment. Withal, colour of a space can subtly 
and even dramatically affect the lighting of an 
Interior. It is so because colours of an interior surface 
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can absorb or reflect light. In scientifically this very 
attribute of surface colour is termed as �‘Surface 
Reflectance�’. It is due to this property of surface 
colour; it can either enhance or nullify the 
distribution of light from the light source. So in other 
words, they can have an effect on the efficiency of 
the luminaire�’s distribution and consecutively the 
lighting efficiency of the space. Studies have proved 
that as much as one-third of the energy use of a 
lighting system depends upon the surrounding 
interior features, such as the ceiling height, windows, 
colour and reflectivity of room surfaces. Therefore, 
one would look at interior colour scheme as a unified 
whole, thinking in terms of space design, artificial 
lighting and efficiency too.  
 
Furthermore, colour theories and models suggest that 
the amount of light reflecting from a colour surface it 
is its value property or light reflectance value. This 
implies that grey value of colour alone can be 
presumed to calibrate the luminous character of light. 
It is not essential to address all colour ranges, hues, 
etc. Also, it is found that Munsell colour system 
simple, comprehendible and reliable for Grey value 
scale calibration. ( Refer Figure 2) 
 

 
Figure 2 Munsell Colour system  

 
Energy efficiency is an attractive, but lighting design 
must consider other factors such as visual comfort, 
health, etc. It is important to understand that only 
after the issues of quality i.e. proper luminance ratios, 
reduction of glare, etc. the quantity of light should be 
addressed.  
 
Many Lighting standards and codes have developed 
guidelines to select interior surface colour wherein it 
suggesting a range of reflectance values of major 
surfaces of a room i.e. wall: floor: ceiling. However, 
the literature to date shows little consensus about 
preferred room surface reflectance and workplane: 
partition reflectance in terms of both their energy 
performance and visual comfort conformity. Also not 
much consensus is apparent in terms of quantification 
with respect to lighting loads consumed. 
 

In light of these deficiencies, it would be worth 
exploring the range of surface reflectance for room 
surfaces, workplane and interior partitions, that are 
the most energy efficient and adhere to the visual 
balance of the space. The underlying body of work 
aims to be effective and efficient, because it does not 
intend to decline the quality of the space and but 
consequently improve the performance of the 
lighting of the space. 
 
Thereby purpose of this research is to study the effect 
of surface colour reflectance on lighting efficiency of 
interior space whilst maintaining the visual comfort 
standards. (Figure 3) 
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Figure 3 Colour, light and energy efficiency - the 
domain of research focal point  

 

The objectives of the research are:  

To study quantitative aspect of colour, its 
reflectance and its effect on distribution of light.  

To analyze the relationship between surface 
colour reflectance of room surfaces, workplane 
and partitions. 

To validate the performance of different 
reflectance combinations of the room surfaces by 
verifying against the optimal visual comfort 
requirements and determining the effect on 
operating lighting loads. Hence quantify its 
effect on energy efficiency of the space 

To identify colours schemes that proves feasible 
within the premise of the study i.e. combinations 
of reflectance of the room surfaces.  

 
In order to accomplish this following methodology 
was adopted (Figure 4):  
 

Literature Survey of parameters involved. 

Proceedings of Building Simulation 2011: 
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November. 

- 2302 -



Quantify and analyze the hypothesis i.e.�’ Surface 
colour effects performance distribution of light�’ 
through Analytical Modelling; Simulation. 
 
Base Case Model derivation: Derive the Base 
case from of artificially lit Open Plan Offices 
typical of practice, define range of parameters 
for selection criteria and establish simulation 
model of these parameters.  

 
Establishment of Case: 
Develop basic understanding of the relationship 
between Reflectance, Luminance, Illuminance, 
and Lighting Load 
 
Quantify: the energy performance i.e. determine 
lighting load for different Surface Colour 
reflectances to ascertain the measurable 
difference.  

 
Primary Research experiment and analysis:  
Derive Base Case for first part of the analysis 
where Wall (W), Floor (F) and Ceiling(C) are 
looked upon separately for variation. This model 
does not contain the Workplane (Wo) and 
Partitions (P). Simulation is carried out. 
 
Visual Comfort assessment- results obtained 
from simulations of these variations are 
compared to the standards to conform to their 
visual comfort requirements. 
 
These are then compared against their lighting 
loads and group of W, F and C reflectance 
combinations with least connected loads are 
selected. 
 
Thereafter, Wo and P reflectance are considered 
as independent variables which are then looked 
upon separately as variations on the selected 
base cases from previous step.  
 
Visual Comfort assessment -Resultant values are 
again checked against visual comfort standards 
and the ones that confirm are selected. 
 
Lighting efficiency assessment- the above cases 
are then filtered by checking their lighting power 
density. Those cases that comply are the final 
selected cases.  

 
 

Identify the range of Grey tones and hence 
corresponding Colours for W, F, C, Wo and P 
reflectances with respect to their energy 
efficiency.   

 
Develop a layout - a colour palette showing the 
outputs from the analytical result. 

.  
 

Figure 4 Research Methodology 
 
 
Scope and Limitations  

Artificially lit areas only. 
 
Model derived from typical layout of open plan 
offices of Ahmedabad, India. Therefore, study 
tests the hypothesis for office buildings in only 
one city. 
 
Luminosity performance conforms to 
recommendations by established lighting 
standards and codes such as IESNA, CIBSE, 
IRC, etc.  (Practice for workplane illuminance). 
 
All manual calculations and simulations use 
algorithms established on diffuse reflectance 
behaviour of the surfaces.  
 
Study is confined to matte finished surfaces 
only. 

RESEARCH METHOD 
Simulation Tool: Given the range of variables 
involved, it seemed impractical to perform manual 
calculations. The study sought to consider the ability 
of the simulation tool that could generate values of 
variables like reflectance quantities, photometric 
quantities and lighting load. The study considers 
DIALux, version 4.6.2 as a potential tool. 
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Figure 5 DIALux program structure 

 
The Base Case Model development: 
The study object is an open plan office of typical 
workstation unit arrangement with no day light 
coming from openings. The study calls it the �‘base 
case model�’. The model is based on typical open plan 
office interior design and references from space 
planning standard. The fundamental workstation 
layout is educed from BP Ergo modular unit system. 
The building area is 1800 m2 approx. The height of 
the floor is 3500 mm.  

 
Figure 6 Office layout plan for base case model and 

DIALux simulation model view. 

The net office space is taken as 66% of the gross i.e. 
1800 m2. Area allowance per person taken is 11 m2 
.Modular furniture with 1.2 m high partition forming 
4-unit cluster workstation of approx. 13 m2   is taken 
into account.  

 

 
Figure 8 Typical workstation arrangement 

(dimensions in mm) 

The furnishings and the contents of workstations are 
assumed as identical. Workstation height assumed as 
750 mm.  

Table 1 
Model Parameter 

MODEL PARAMETER VALUE 
Room Length [m] 68.4 m 
Room depth [m] 26.3 m 

Ceiling Height [m] 3.50 m 

Interior illumination set at 300 lux. The study uses 
the lighting system design adopted from common 
practice i.e. linear fluorescent 'TL'5. They were 
modelled to produce lighting design as per 
recommended illuminance levels for open-plan office 
as in ECBC Standards. The luminaire polar diagram 
in Figure 7 and lighting design arrangement and 
specification is: 

Table 2 
Lighting design specification 

Total installed lighting power [W] 1120 
Light loss factor 0.80 

Occupancy dependency factor 0.90 

 
Figure 7 Lighting specification in DIALux window 

 
Validation Exercise 
This exercise was attempted (on basecase) to address 
a number of issues:  
Develop understanding of interrelationship between 
reflectance, Luminance, Illuminance, and lighting 
load. Observe their effect on W, F & C. 
Quantify the energy performance i.e. determine 
lighting load for different surface reflectance values 
to determine if there is measurable difference in 
terms of loads and hence establish the validity of the 
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study. Also it would check the capability of the 
simulation tool in terms of output data it generates. 
The base of the present study is established by 
following two approaches: 
Exercise 1: Relationship between Reflectance, 
Luminance, Illuminance and Uniformity 
For this exercise, Base Case model was simulated 
with the luminous environment as mentioned in base 
case derivation. Simulation was carried out for the 
following cases (Figure 8 & Table 3) �– 
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Figure 8 Cases with different reflectance   

 
 
 

Table 3  
Cases Exercise 1( R �– reflectance in %) 

Case C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

R 
(%) 0 10 20 30 40 50 60 70 80 90 

 
i. e. for case 1; all surfaces (W, F, C, Wo and P) were 
assigned reflectance value of 0 and simulation was 
carried on, for case 2; reflectance value of 10 and so 
on. It is observed: Illuminance  Reflectance, 
Luminance  Reflectance, thereby Illuminance  
Luminance 
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Figure 9 Interrelation between uniformity and 
reflectance   
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Figure 10 Interrelation between reflectance, 

illuminance & luminance   

Exercise 2: Quantification of energy performance  
For this, the lighting loads i.e. the connected load in 
this case (DIALux gives the lighting load output data 
in terms of �‘connected load�’ i.e. in W/m²/100 lx), for 
all the cases  is obtained and compared (Table 4 & 
Figure 11). It is observed that with the increase in 
reflectance the connected load or lighting load 
decreases. This implies a space with higher 
reflectance would have less connected load and vice 
versa. Hence, the investigation is established. 
 

Table 4 
 Behaviour of connected load versus in reflectance  

Reflectance in % & Specific Connected Load  
(in terms of W/m2/100lx) 

Case 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 

Load 57.8 26.4 16.7 11.9 8.9 6.8 5.1 5.0 3.7 1.3 
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Figure 11 graph showing relation between connected 

load and reflectance 
 

ANALYSIS PLAN 
 

Base case derivation: It is derived by finding out the 
most �‘operable range�’ i.e. the cases wherein the 
reflectance combinations of W, F, C comply the 
visual comfort standards. So as to figure out the 
�‘operable range�’, an experiment was designed to a set 
of W: F: C reflectance combinations created by 
varying the reflectance values of the surfaces. 
 
For all these cases lighting system were kept 
constant, same arrangement and the layout was 
maintained and the room did not contain any 
furniture. The variations were made as per 
recommendations for a range of reflectances W: F: C. 
The range is shown in Figure 12. The various 
permutation and combination for the given ranges, 
gave a set 175 cases. These 175 cases combinations 
of W: F: C reflectance cases were simulated to 
determine their lighting loads.  Figure 12 shows the 
structure for permutation of the cases for the given 
range: 
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Room surface Range*

30 �– 70%

20 �– 70%

40 �– 90%

Wall

Floor

Ceiling
*range for reflectancevalues as
per standards  

W20 F20 C20 - 90

F30 C20 - 90

F40 C20 - 90
�….. 

W30 F20 C20 - 90

F30 C20 - 90

F40 C20 - 90
�….. 

W40 F20 C20 - 90

F30 C20 - 90

F40 C20 - 90
�…..
�…..
�….. 

W70 F20 C20 - 90

F30 C20 - 90

F40 C20 - 90
�…..  

Figure 12 Range of Reflectances and structure for 
permutation of the cases for the given range 

 
Primary Experiment 
Affirming the standards, 9 base cases are obtained 
from 175 cases. For the primary analysis, 
experimentation consisted of varying the reflectances 
of workplane and the partitions for each of the 
selected 9 base cases and simulation is carried out. 
The model this time included the furniture layout that 
is the workstations.  

W50 F20 C60 WO50 P 40 - 50

WO60 P 40 - 50

WO70 P 40 - 50

C70 WO50 P 40 - 50

WO60 P 40 - 50

WO70 P 40 - 50

C80 WO50 P 40 - 50

WO60 P 40 - 50

WO70 P 40 - 50

F30 C60 WO50 P 40 - 50

WO60 P 40 - 50

WO70 P 40 - 50

C70 WO50 P 40 - 50

WO60 P 40 - 50

WO70 P 40 - 50  
 

Figure 13 
Range of Reflectances for the Workplane and 

Partition and structure for permutation of the cases 
 

As referred, from the range for reflectances for 
workplane and partitions recommended by standards 
[CIBSE], further 24 simulation sub-cases (trials) for 
each of the 9 base cases are formed, which resulted in 
216 simulation runs. Of these 216 cases [24x9], as 
per the output data obtained, the Eav, Emin, Emax, 
Uo, Lavg for W, F, C, Wo , P and the connected load 
are examined. The results of the simulations were 
compared to different criteria derived from standards 
and the parametric factors required to affirm to the 
visual comfort standards (Figure 14) of these 216 
cases are calculated. Conformity to these parameters 

would affirm their visual balance. Parametric factors 
that the study takes into account are:  
 

Criteria Luminous variable

< 2.5 Ratio of Illuminance of Wo : P
<  5:1 Ratio of max. and min Illuminance of Wo 

 0.5 Ratio of Illuminance of W: Wo  
 0.8 Ratio between min. and avg. Illuminance o

<  5:1 Ratio between max. and min. Illuminance 
<  1.0 and > 0.5 Contrast Rendition Factor (CRF)  

Figure 14 CIBSE Standards 
 

Selection of the best model cases: 
The cases that comply all the above visual comfort 
requirements (Figure 1) are chosen and then equated 
against their Connected Load values.  Now to find 
out the combinations that are efficient in terms of 
their lighting loads, lighting power density is 
estimated for all the selected cases. (Equation 5) 
ECBC Energy Conservation Building Code 
recommends a Lighting power density of 11.8 W/m2 
for open plan offices. Thereby the cases that conform 
to the recommended value are selected.  
 

RESULT AND DISCUSSION 
The data analysis process began by arranging and 
computing simulation data in excel sheets. Then the 
data set was inspected for visual and installed 
lighting efficiency assessment. Of all of the 
formulated 175 cases, the �‘operable range�’ was 
determined by verifying them against the 
recommendations given for visual comfort balance in 
interiors. Standards suggest that reflectance value for 
walls should be 50-70%, floor 20 �– 40% and for 
ceiling 60 �– 80%. Therefore by checking up on 
against these recommendations, 27 cases are 
shortlisted. Out of these, finally 9 cases are selected. 
The 27 cases are reduced to 9 cases. Selected cases 
are shown in the Table below: 

Table 5 
9 cases for Operable Range 

S.NO W:F:C CASES CONNECTED LOAD 
1 704080 2.01 
2 604080 2.02 
3 504080 2.03 
4 703080 2.05 
5 503080 2.07 
6 502080 2.10 
7 602070 2.13 
8 503060 2.14 
9 502060 2.16 

 
Final Cases: 
Now the connected load values obtained from 
simulation results of these cases is compared. The 
cases with the least values are selected. The 
combinations that are efficient in terms of their 

Workplane

Room surface Range*

30 �–80%

20 �– 70%

Partition
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lighting loads, their lighting power density are 
estimated. These are the final resultant cases.  

Table 6 
Resultant 20 Cases deduced ascertaining against 

standard LPD values 
S.No. W F C Wo P Connected  

load LPD

1 70 40 80 60 40 2.04 11.80

2 70 40 80 70 40 2.02 11.85

3 70 30 80 70 40 2.06 11.80

4 70 30 80 80 40 2.05 11.83

5 60 40 80 60 50 2.05 11.80

6 60 40 80 70 40 2.03 11.88

7 60 40 80 80 40 2.02 11.89

8 60 20 70 70 50 2.10 11.80

9 60 20 70 80 40 2.13 11.80

10 50 40 80 60 40 2.06 11.80

11 50 30 80 60 40 2.05 11.84

12 50 30 80 70 40 2.08 11.71

13 50 30 80 70 50 2.04 11.80

14 50 30 80 80 40 2.07 11.84

15 50 30 60 70 50 2.11 11.70

16 50 20 80 70 40 2.17 11.72

17 50 20 80 70 50 2.14 11.85

18 50 20 80 80 40 2.16 11.87

19 50 20 60 70 40 2.17 11.79

20 50 20 60 80 40 2.16 11.89  
 
In order to understand the entire methodology and 
steps involved in deriving the final cases, below is a 
demonstration of whole calculation and simulation 
process for one of the case i.e.  W70: F40: C80 i.e. 
wall, floor and ceiling with reflectance of 70, 40 and 
80 respectively.  
Case �– W70: F40: C80 
 

Figure 15 (top) Isolux diagram obtained from 
simulation and (below) Wo & P cases w.r.t Isolux 

Based on the experimental procedure, reflectance 
combinations of: W70/F40/C80: Wo60/P40, 
Wo70/P40 are the ones which confirm the comfort 
standards and comply the lighting standards. Grey 
tones of colour are identified. Hence the 
corresponding numerous colour options can be 
obtained from them. 

 
Figure 16 Grey tones of for reflectance values of 

final selected case  
 

Following similar methodology for all the 10 cases, 
final 20 cases obtained are: 
 

Table 7  
Final 20 Cases (with reflectance values in %) 

S.No W F C Wo P
1 70 40 80 60 40
2 70 40 80 70 40
3 70 30 80 70 40
4 70 30 80 80 40
5 60 40 80 60 50
6 60 40 80 70 40
7 60 40 80 80 40
8 60 20 70 70 50
9 60 20 70 80 40
10 50 40 80 60 40
11 50 30 80 60 40
12 50 30 80 70 40
13 50 30 80 70 50
14 50 30 80 80 40
15 50 30 60 70 50
16 50 20 80 70 40
17 50 20 80 70 50
18 50 20 80 80 40
19 50 20 60 70 40
20 50 20 60 80 40  
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Figure 17 Comparative Connected Load value graph 

for the final cases 
 

These final 20 cases selected affirm to visual 
requirements and are efficient. Corresponding to 
combinations of reflectance for W, F, C, Wo & P. 
grey tone can be calibrated. Hence the corresponding 
colours from the colour. Following is a gray value 
chart derived with their corresponding connected 
load value. Colour palette of these gray values can 
further be derived. (Figure 18) 
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Figure 18 Gray tone palette deduced 

Examining the combinations, it infers that ceiling 
takes up the maximum load if it is of low reflectance 
/ dark colour. Ceilings with higher reflectances take 
up least loads. Therefore, it is desirable to have low 
reflective floors, medium reflective walls and high 
reflective ceilings. Workplane reflectance ranging 
between 50-70% and partitions 40-50%. 
CONCLUSION 
The study sought to examine a rational method for 
assessing visual comfort and lighting efficiency of an 
interior space. Therefore, colour choices for interiors; 
should also include a broader range of understanding 

in terms of visual balance implications and lighting 
efficiency. 
 

NOMENCLATURE 
W: F: C �–reflectances of Wall, Floor and Ceiling (%) 
Wo �– Workplane (reflectance value in %) 
W/m²/100 lx �– DIALux connected load output data   
P �– Partition (reflectance value in %) 
W �– Wall (reflectance value in %) 
C- Ceiling (reflectance value in %) 
F - Floor (reflectance value in %) 
Eav �– average Illuminance (lux) 
Emin �– minimum Illuminance (lux) 
Emax �– maximum Illuminance (lux) 
Uo �– Uniformity  
LPD �– Light Power Density (W/m2) 
CRF �– Contrast Rendition Factor 
CIBSE �– Chartered Institution of Building Services 
Engineers 
ECBC�– Energy Conservation Building Code  
IESNA �– Illuminating Engineering Society of North 
America 
 

EQUATIONS 
Equation 1- E (Illuminance, lux) = l/d2 

Equation 2- L (Luminance, cd/m2) = E x r / , where 
E: Illuminance (lux) and r: reflectance (%) 
Equation 3- Illuminance moderating factor = 
[Average illuminance] / [Average task illuminance] 
Equation 4- Average illuminance (lm/m2) = task 
illuminance (lux) x Illuminance moderating factor 
Equation 5- Lighting power density (W/m2) = 
[Average illuminance (lm/m2)] / [equipment efficacy 
(lm/W)] 
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