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ABSTRACT: The growing importance of a Bioclimatic Architecture, associated with the use of natural lighting, 

as a matter of visual, energetical and thermal efficiency, accompanied by the advance of computer science in the 

last few years, led to the use of computer programs (software) to evaluate the performance of daylighting in 

buildings. The scope of this project is to compare the performance of various simulation programs for the 

analysis of natural lighting, existing or available, in order to unify criteria and attempt to indicate their 

suitability for everyday use by a professional, a researcher or a student of Architecture. Few studies have been 

performed in this field hence the relevance of this theme. For the realization and development of this scope, the 

following software: Artlantis, Autodesk Ecotect Analysis, Daylight, Design Builder, Google Sketchup and 

Radiance were used as a base of comparison in both qualitative and quantitative approaches. In the qualitative 

approach the software have been subjected to certain parameters assigning an ordinal ranking according to the 

satisfaction of these parameters. For the quantitative approach were compared the DLF values computed from 

the various software in analysis, through the use of a case study.  
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INTRODUCTION 

Natural lighting has always been intimately linked to 

architecture. A preliminary design should include the 

use of natural lighting, not only for reasons of comfort 

and well-being of its occupants, but also for reasons of 

energy efficiency in buildings, streamlining their 

consumption. The growing importance of the practice 

of a Bioclimatic Architecture, associated with the use 

of natural lighting, as a matter of visual, energetical 

and thermal efficiency joined by the development of 

computer science in the last few years, led to an 

increase use of computer programs (software). 

 

The scope of this work focus on comparing the 

performance of various software simulations for the 

study of natural lighting. Given its diversity, it is 

imperative to standardize the computer component, 

with the purpose of simplifying the task of articulation 

with the architecture software. The results and 

performance of various programs will be compared in 

order to find the most suitable for a student in 

architecture, as well as for a professional. Few studies 

have been conducted, which led to a growing interest 

in the topic. Roy [4] has established guidelines for 

qualitative assessment, with subjective criteria for 

comparison of software, according to an ordinal scale. 

Later Bryan [1], Christakos, Evangelos & David [2] 

undertook a deepening of these criteria. Laouadi, 

Galas, Atif & Haqqani [3] conducted a quantitative 

evaluation, comparing the mean DLF simulated by the 

software of their choice.  

 

This work is organized as following: Section 2 

shows a brief review of the software in question, not 

only for creating the virtual models but also for the 

lighting analysis study. In Section 3 is the simulation 

study performed, explaining both the qualitative and 

quantitative approaches for comparing the chosen 

software, followed by a section with the main 

conclusions of this study. 

 

 

DAYLIGHTING ANALYSIS 

Physical models are the oldest procedure for 

understanding and analyzing the characteristics of a 

space. The development of technology enabled the use 

of virtual models, which revolutionized the analysis of 

natural light. The first generation of design tools were 

based solely on geometric design of a single space, 

rectangular, with a single window, which was 

designed for DOS, and the early days of Mac OS. 

Today there are several software developed for all 

operating systems where the spaces are planned and 

designed by the architect and then redirected to the 

simulation software for lighting analysis. 

 

The most common design software are AutoCAD, 

ArchiCAD, Revit and Google SketchUp. In this work 

the virtual three-dimensional model was designed in 

ArchiCAD, not only for its simplicity in creating 3D 

models but also for enabling the export to any of the 

other design software with the least amount of errors 

of scale or significant changes.  
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The physical model used as a case study for 

modeling design software is a single family house 

showed in Figure 1 and Figure 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Northern view of the case study 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 : South view of the case study 

 

 

Simulation Software 

Nowadays, there are a vast list of simulation software 

for studying natural light effects in buildings, some 

are specific for appreciating natural light but others 

perform other kind of analysis including as well the 

study of natural light.  

 

The most frequently used in literature are Adeline, 

Daylight, DaySim, Energy Plus, Google SketchUp, 

Lighscape and Radiance directed only for studying the 

natural light. Others like Desktop Ecotect Analysis 

and Design Builder perform also thermal and acoustic 

analysis. Since Adeline and Lightscape were 

discontinued, they did not take part of this study.  

 

In this work we compared the performance of the 

software listed above, adding Artlantis because it is 

intrinsically linked to Archicad and provides 

photorealistic renderings to the study of natural 

lighting. 

 

 

THE SIMULATION STUDY 

The comparison of the various software analysis for 

natural lighting can be accomplished using a 

qualitative approach and/or quantitative approach. 

 

In the qualitative approach certain parameters, 

subdivided into criteria, were used and scored on an 

ordinal scale which evaluated the satisfaction of the 

criteria in the software in question, measuring its 

efficiency and effectiveness.  

In the quantitative approach the case study served 

as a physical model for the three-dimensional virtual 

model used as input for all the software in question. 

All simulations were performed for March 21
th

 

(Spring Equinox), June 21
th

 (Summer Solstice) and 

September 21
th 

(Autumn Equinox) and comparisons of 

the values obtained in those simulations were made, 

focusing on the DLF (Day Light Factor).  

 

Qualitative approach 

In this approach the criteria follow the principles 

established by Roy [4] and Bryan [1], using an ordinal 

scale of zero to three, that classifies them as zero in 

the absence of the criteria; as one in reduced 

satisfaction of the criteria; as two for moderate 

satisfaction, and as three for the complete satisfaction 

of the criteria. Adding the values assigned to each 

criteria the total value of the parameter was obtained.  

 

The adopted parameters were:   

1) Input and Modeling divided in the following 

criteria, CAD data exchange, Orientation of 

Surfaces, Geometry of Layers and Blocks and 3D 

Solids;  

2) Parameters of Natural Light divided by 

Types/Models of sky, Precision type/model sky, 

Available assistance and Geographic locator; 

3) Properties of the Surfaces considered by the 

Assistant Materials and also the Library Building 

Materials;  

4) Simulations/Renderings subdivided into 

Radiosity, Raytracing, Interactive process, View 

Points and Time processor;  

5) Output analyzed by the criteria Contours 

Isolumen, Numerical Output, Photorealistic 

Rendering, Animation, Bright analysis and Day 

Light Factor;  

6) User Interface analyzed by Easy to use;  

7) Online Help evaluated by existence and extent of 

help and finally  

8) Operating Systems.  

 

The results are the sum of the scores in each criteria 

for the considered parameters and are presented in 

Table1, Table 2 and Table 3. 

 
Table 1: Scores for each software in the parameters Input 

and Modeling, Parameters of Natural Light and Properties 

of the Surfaces 

 

software 

Input 

and 

Modeling 

Parameters of 

Natural Light 

Properties of 

the Surfaces 

ARTLANTIS 3 7 4 

AUTODESK 

ECOTECT 
8 10 1 

DAYLIGHT 1 1 2 

DESIGN 

BUILDER 
7 11 5 

GOOGLE 

SKETCHUP 
5 3 1 

RADIANCE 9 9 6 
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Table 2: Scores for each software in the parameters 

Simulation/Renderings, Output and User Interface 

 

software 

Simulations/ 

Renderings 

 

Output 
User 

Interface 

ARTLANTIS 11 7 2 

AUTODESK 

ECOTECT 
13 11 1 

DAYLIGHT 6 8 3 

DESIGN 

BUILDER 
3 8 3 

GOOGLE 

SKETCHUP 
8 4 2 

RADIANCE 11 14 2 

 

 

Table 3: Scores for each software in the parameters Online 

Help and Operating system. The total Score are the sum of 

the scores for all the considered parameters  

 

software 

Online 

Help 

 

Operating 

Systems 

Total 

score 

ARTLANTIS 3 2 39 

AUTODESK 

ECOTECT 
1 1 46 

DAYLIGHT 0 2 23 

DESIGN BUILDER 3 1 41 

GOOGLE 

SKETCHUP 
1 2 26 

RADIANCE 2 3 56 

 

 

Quantitative approach 
In the quantitative approach new problems arise in the 

evaluation of the virtual model. Some software are 

more focused on photorealistic images which do not 

provide comparison values to assess the availability of 

light in a space and therefore were not considered in 

this approach. Others provide a photorealistic image 

accompanied by a predefined scale which gives a 

rough calculation of the illuminance and the DLF 

values. In general any software cannot give exact 

figures that allow comparison, because each one uses 

a typical year, with different radiation conditions 

which in turn are different from the real conditions. 

Two output examples are showed in Figure 3 and 

Figure 4.  

 

 

 

Figure 3 : Output from Radiance for July 21th. 

 

 

 

 

 

Figure 4 : Output from Ecotect for July 21th on the ground 

floor. 

      

 

For the reasons pointed below the Daylight 

software was excluded for only providing information 

on how windows affect the natural light in a simple 

space, Google SketchUp presented difficulties with 

regard to corner windows and sliding windows, not 

providing values for the study of natural light. Also, 

Artlantis only provides information through 

photorealistic images, which makes it unable to 

compare with the other software.  

 

The results of DLF obtained for each software in 

question are showed in Table 4. 

 

 

Table 4: DFL means for the specific days in each considered 

software 

  Autodesk 

Ecotect 

Design 

Builder 
Radiance 

 

Social 

Space 

21th 

March 
3,80 2,31 9,17 

21th 

Juin 
11,60 5,59 11,49 

21th 

Sep 
3,80 2,31 5,89 

 

Master 

Bedroom 

21th 

March 
5,75 2,96 4,11 

21th 

Juin 
8,50 5,88 7,27 

21th 

Sep 
5,75 2,96 4,32 

 

 

CONCLUSION 

According to the comparison performed by the 

qualitative approach it was found that the most 

appropriate software for the study of natural lighting 

should combine the best features of the existing 

software and avoid their defects. Thus, we conclude 

that the ideal software would be a combination of 

Modeling and Input Parameters of Radiance, the 

Natural Light Parameters of Design Builder, the 

Properties of Surfaces from Radiance, 

Simulations/Renderings from Autodesk Ecotect 

Analysis, the Output of Radiance, the User Interface 

of the Design Builder or Daylight, The Online Help of 

Artlantis or Design Builder and have the options of 

Operating Systems of Radiance. 
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It can be concluded that the best software for 

daylighting analysis is Radiance, which is a specific 

software for natural light, followed by two software 

packages that include analysis of Natural Lighting 

Autodesk Ecotect Analysis and Design Builder. 

However Radiance is not a User Friendly software for 

ordinary users, such as architects, students and 

researchers and it is also time consuming in 

performing the analysis, which makes it less desirable.  

 

Through the qualitative approach it seems easier to 

get a conclusion about the best performance, because, 

although the parameters adopted are questionable, or 

inadequate, the scores are more accurate, since the 

software by itself satisfies or not the parameter under 

evaluation. 

 

In a quantitative approach, the answer is more 

complex because there are intrinsic factors to the 

software, such as the use of climate data based on a 

typical year, and libraries of materials that do not 

reflect the real situation, as well as extrinsic factors, 

such as complete ignorance of the characteristics of 

the materials that constitute the building under study.  

 

In further studies, for getting a more accurate 

conclusion on this approach it will be required a scale 

physical model under an artificial sky in order to 

obtain “real” values and compare them with those 

given by the software.   

 

In conclusion who will decide the best software to 

use is definitely the user, because this choice will 

depend not only on the work but also in the time 

available for the use of each presented software. Some 

have a complex and time consuming interface, which 

can affect the speed and efficiency of a professional in 

a studio or even a student of architecture. 

 

 It is difficult to generalize the software’s behavior 

in very different cases of the performed study since it 

is a single-family housing, the built environment has a 

set of regulations that allow the exclusion of excessive 

shadowing, which does not occur in an urban area 

with high density housing, where disturbances in the 

capture of natural light occurs.  

 

 In similar cases, with the same characteristics as 

the analyzed case in terms of latitude, orientation and 

engaging the software should provide an analogous 

behavior. 

 

 Although it is fundamental to analyze the natural 

lighting of a space, the use of any software requires 

training and experience as well as a deep 

understanding of their capabilities and runtime. 
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