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Abstract 

 

This paper aims to study the daylight behaviour into 

internal spaces by dynamic lighting simulations, it 

considers the relationship between lighting level and the 

indoor spaces design, character and appearance by the 

evaluation of several daylight metrics. 

This study considers two types of approaches for daylight 

calculation: the conventional Daylight Factor approach 

(DF) and the dynamic Climate-Based Daylight Modeling 

approach (CBDM). 

A state of the art about available software is presented in 

order to assess lighting performances and to compare the 

obtained results, trying to give an explanation in case of 

either similar or different values. 

Different simulation tools are evaluated with a selection 

among the most widespread software (Radiance, 

Autodesk Ecotect, Daysim, Diva for Rhino). 

 

Introduction 

Daylighting represents a very important and an essential 

resource for architecture, in terms of spatial organization 

and internal comfort. Since ancient times, light had a dual 

role, on one hand, it provided internal comfort, while on 

the other it worked to define and design spaces. Bio-

architecture or Bioclimatic Architecture is a field of 

research that concerns environmental issues and 

availability of resources, such as natural light (Olgyay, 

1962). 

Mathematical studies and processes able to describe the 

phenomenon of natural light have been developed to have 

objective illumination data. In 1955 Kitteler  proposed a 

formula for the calculation of luminance distribution of 

the clear blue sky (Hopkinson, et al., 1966). In 1963, 

Hopkinson (Hopkinson, R. G., 1963) assumed the 

Daylight Factor (DF) as the basic parameter for the 

definition of closed-loop light analysis. It was calculated 

by a static method, considering the light received directly 

or indirectly from a sky of assumed or known luminance 

distribution to the illumination, but ignoring information 

about the orientation and climate of the location where the 

analysis was conducted. Suddenly the research focused on 

dynamic models (Reinhart, et al., 2006), able to interact 

with the variations of the sky and climate changing, both 

during the day and through the year. In 1993 Perez 

proposed an all-weather sky model, which uses routine 

irradiance measurements to produce the mean 

instantaneous sky luminance angular distribution patterns 

for all sky conditions from overcast to clear, through 

partly cloudy (Perez, et al., 1993). 

The Climate-Based Daylight Modeling (CBDM) 

(Reinhart & Weissman, 2012) (Mardaljevic, et al., 2009) 

is the prediction of various radiant or luminous quantities 

(e.g. irradiance, illuminance, radiance and luminance) 

using sun and sky conditions derived from standard 

meteorological datasets. Climate-based modelling 

delivers predictions of absolute quantities (e.g. 

illuminance) that are dependent both on the locale (i.e. 

geographically-specific climate data is used) and the 

building orientation (i.e. the illumination effect of the sun 

and non-overcast sky conditions are included), in addition 

to the building's composition and configuration. 

In this sense researchers, such as John Mardaljevic 

(Mardaljevic, 2000), Christoph Reinhart (Reinhart & 

Herkel, 2000) (Nabil & Mardaljevic, 2006) Lisa 

Heschong (Heschong, 2011), have developed different 

metrics to analyse and to describe the daylight: Useful 

Daylight Illuminance (UDI) (Mardaljevic & Nabil, 2005), 

Daylight Autonomy (DA), and Spatial Daylight 

Autonomy (sDA) (Gherri, 2013) among the most used. 

Actually, the evaluation of daylight by dynamic models is 

widespread among some national normatives - i.e. in 2013 

became mandatory for some building programmes in the 

UK (Mardaljevic, 2015)- still quoting the verification of 

the Daylight Factor; although voluntary building rating 

systems encourage the achievement of benchmarks 

according to CBDM calculation: for example the 

Leadership in Energy and Environmental Design (LEED) 

(USGBC, 2014) defines the requirements for daylighting 

according to sDA method. 

This paper aims to study the daylight behavior into 

internal spaces by dynamic lighting simulation; the 

evaluation is predicted by hourly internal daylight 

illuminances during a full year using realistic 

representations for sun and sky conditions. 

Using different simulation tools, daylighting 

performances are analyzed by the evaluation of some 

daylight metrics: Daylight Factor (DF), Useful Daylight 

Illuminance (UDI), Daylight Autonomy (DA), Spatial 

Daylight Autonomy (sDA). 
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Table 1 - Description of the case studies. 

 

The investigation focuses on understand the reliability of 

the selected software and the trend of daylight 

performances with the change of the geometry and 

typology of the inner spaces. The reference is the recent 

study “Daylight calculations in practice”, developed by 

the Aalborg University of Copenhagen in 2013, that 

presents an investigation of the ability of nine daylight 

simulation programs to calculate the daylight factor and 

lighting performances in five typical rooms. (Iversen, et 

al., 2013). 

The available software for lighting calculation refers to 

some tools. Radiance (Laboratory, s.d.), a suite of open 

source tools for performing lighting simulation originally 

written in 1985 (Luebkeman & Simondetti, 2006). 

Autodesk Ecotect Analysis (Autodesk, s.d.) is an 

environmental analysis tool that allows designers to 

simulate building performance from the earliest stages of 

conceptual design. Daysim (Daysim, s.d.) is a validated 

tool based on Radiance’s daylighting algorithm that 

models the annual amount of daylight in and around 

buildings using different sky models and weather data; it 

is a simulation engine (Jakubiec & Reinhart, 2012) and 

also it provides a Graphical User Interfaces (GUI) within 

Ecotect. DIVA, developed by Solemma (Solemma, s.d.), 

is an optimized daylighting and energy modeling plug-in 

for Rhinoceros and Grasshopper (Associates, s.d.). At 

least, Honeybee is a free and open source environmental 

plug-in which connects Grasshopper to EnergyPlus 

(BTO, s.d.), Radiance and Daysim for daylight 

simulations. 

The structure of this paper is composed by three sections: 

method, results and conclusions. The first section 

concerns on characteristics and setting of software, the 

second describes the metrics for the evaluation of lighting 

performance, the third regards the trend on the different 

case studies. 

  

Method 

Software 

Various software packages are used to describe the level 

of internal illuminance. Below a briefly description of 

each characteristics and calculation algorithm. 

In Radiance, according the Backward Ray-Tracing 

algorithm (Ward Larson, et al., 1998) light beams are 

traced from the viewpoint and up to specific points in the 

hemisphere taking into account all physical interactions 

with the surfaces of the objects composing the scene and 

described using a Cartesian coordinate system. Each light 

ray carries a certain amount of radiance, expressed in 

Radiance in terms of the color (RGB-channels). 

In Ecotect the Daylight Factor is evaluated by the Split 

Flux Method (Tregenza , 1989): direct sunlight is 

overlooked and natural light reaches an inner point of a 

space through three components: light reflected from the 

sky, reflected light from external components, light 

reflected from internal components. The Ray Tracing 

algorithm is the same in Radiance. Both software could 

be managed by the Ecotect graphical interface. 

Daysim (Reinhart, 2010) is a dynamic climate-based 

modeling package for design and analysis of daylight 

lighting, shading devices, lighting control models, 

artificial lighting. An annual lighting profile is easily 

achieved by the use of Radiance and backward ray-tracer 

algorithm. Daysim uses the Perez sky model. Like 

Radiance, it run in Ecotect graphical interface. 

Diva (Rhino, s.d.), is a Rhinoceros plug-in and is linked 

various tools (inclusing Radiance and Daysim) for 

accurate lighting evaluations and also the development of 

glare analysis and energy consumption. Diva (Jakubiec & 

Reinhart, 2011) uses three-dimensional georeferenced 

models - like all Radiance based-on simulations - and is 

able to develop lighting analyzes that investigate most 

available metrics, including the latest, such as sDA 

(International Energy Agency, 2012). 

Metrics 

The research considers a list of different metrics to 

describe the lighting level trend in the case studies. 

Daylight Factor (DF) was introduced in 1895 (Love, 

1992) as a means of rating daylighting performance 

independently of the instantaneous sky luminance and in 

1963 Hopkinson defined it as “the daylight illumination 

at a point on a horizontal plane in a building is generally 

expressed as a ratio (usually a percentage) of the 

illumination simultaneously obtained out of doors from a 

completely unobstructed sky, the effects of direct sunlight 

being excluded” (Hopkinson, R. G., 1963). 

Daylight Autonomy (DA) represents the first of a string 

of annual daylight metrics and is described as a 

percentage of annual daytime hours that a given point in 

a space is above a specified illumination level. It was 

originally proposed by the Association Suisse des 

Electriciens in 1989 and was improved by Christoph 

Case 

study 

    
 

  
 

Code 01 02 03 04 05 

Type Simple room Deep room Room with borrowed 

light 

Room with light 

shelf 

Room with 

obstruction 
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Reinhart between 2001-2004 (Reinhart & Walkenhorst, 

2001). It is a major innovation since in considers 

geographic location specific weather information on an 

annual basis. It also has power to relate to electric lighting 

energy savings if the user defined threshold is set based 

upon electric lighting criteria. Theuser is free to set the 

threshold above which Daylight Autonomy is calculated 

(usually 500 lux or 300 lux). 

The Useful Daylight Illuminance (UDI) is a modification 

of Daylight Autonomy conceived by Mardaljevic and 

Nabil in 2005 (Nabil & Mardaljevic , 2005). The metric 

bins hourly time values based upon different illumination 

ranges (0-100 lux, 100-2000 lux, and over 2000 lux). It 

provides full credit only to values between 100 lux and 

2,000 lux suggesting that horizontal illumination values 

outside of this range are not useful. There is significant 

debate regarding the selection of 2,000 lux as an ‘upper 

threshold’ above which daylight is not wanted due to 

potential glare or overheating. There is little research to 

support the selection of 2,000 lux as an absolute upper 

threshold (Mardaljevic, 2006) amd in 2009 the daylight 

levels and range were modified (Mardaljevic, 2015). 

Spatial Daylight autonomy (sDA) (Jakubiec & Reinhart, 

2012) defined the percentage of the floor area or the task 

area that presents a level of illuminance (usually 300 lux) 

during a for a certain percentage of the year. The novelty 

of the parameter lies in the given importance to the spatial 

component and the geometry of the area on which a limit 

value of 300 lux insists over a pre-determined range of 

hours per year; in this way it is possible to define time 

zones and the times of the year when to intervene with a 

variable and supplementary artificial light, in support of 

natural radiation. 

This research assumed some reference values for the 

evaluation of the data obtained by simulations, as 

schematically described as follows: 

• DF, optimal values between 2% and 5%; 

• DA500lux, optimal values higher than 50% or higher 

than the base case; 

• UDI100-2000lux, optimal values higher than 50% or 

higher than the base case; 

• sDA300lux 50%, optimal values higher than 55% or 75% 

according to LEED rating system requirements. 

This study is developed by a list of software, Radiance, 

Ecotect, Daysim and Diva for Rhino, due to the features 

of each tool impose limitation on the calculation of 

lighting metrics: Diva for Rhino is the most complete tool 

used, able on calculating all the metrics (DF, DA500lux, 

UDI100-2000lux, sDA300lux 50%), while Daysim allows to 

calculate DF, DA500lux, UDI100-2000lux; Ecotect is the least 

recent tool, so giving the DF and DA500lux;Radiance is a 

tool for calculating DF values. 

Case studies. 

The daylight assessment is based on the five typical inner 

spaces as described in the reference study (Figure 1): 

Simple room, Deep room, Room with borrowed light, 

Room with light shelf, Room with obstruction. 
 

 

Figure 1 - Dimensional size reference room, Case 01. 

The simple room, Case 01, presents a single window and 

represents the base case due to the dimensions are a 

constant for the other spaces as described in Figure 1: the 

geometrical dimensions of the room present a width of 3.5 

m, height 2.8 m and depth 4.0 m, while the window is 2.0 

m width, 1.5 m height and 0.9 m height of the windows. 

In Case 02 the depth is increased to 7 m. In Case 03 two 

window openings are placed as a sky light and in the 

façade, so light has to pass through these openings and 

then through an internal window before to enter into the 

room. In Case 04 a light shelf is included in the window, 

with dimensional size of 2.0 m width, 0.5 m depth. In 

Case 05 an obstruction is placed outside the window. 

Simulation Setting 

This daylight study considers similar simulation 

parameters and tools setting to perform the assessment of 

daylight in each case, as briefly described below. 

Reflectance. The light reflectance index (r) of surfaces, 

defined between 0 (low reflective material) and 1 (highly 

reflective material), and the light transmittance (lt) are 

described in Table 2. 
 

Table 2 - Light reflectance and transmittance index of 

surfaces 

Surface Reflectance Index (r) [%] 

Ground 0.1 

Floor 0.1 

Wall 0.4 

Ceiling 0.7 

Frame 0.8 

Light Shelf 0.9 

 Light Transmittance (lt) [%] 

Glass 0.7 
 

Localization. The CBDM methodology needs 

information about climatic conditions and correct light 

distribution of the sky model available climate files in 

databases (BTO, s.d.) (U.S. Department of Energy, s.d.) 

collecting data according to the Typical Meteorological 

Year (TMY) method (Gherri, 2013), consisting in 

aggregation of the data pertaining to the twelve Typical 

Months from a Meteorological point of view (TMM) 

selected from data detected in multi-year time series. The 

selection of TMM is based on statistical analyses and on 

investigation of important variables for the overall 
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representation of the standard year, including direct 

Global Solar Radiation (GSR). 

The climate file used in the simulations refers to the city 

of Copenhagen, capital of Denmark. 

Grid systems. It indicates the points of calculation and 

evaluation of illuminance values for the task area, the 

immediate surrounding area and background area. The 

study is developed according to the description given in 

EN 12464-1:2011 (European Committee for 

Standardization, 2011): the grid should be divided into 

square cells and the relationship between length and width 

should be comprised between 0.5 and 2. The maximum 

size of the cell refersto the equation (1): 

p = 0.2·5log10(d) (1) 

where p is the maximum cell size and d is the longer 

dimension of the calculation area. Furthermore, it is 

appropriate for the grid to be placed at a distance of 0.5 m 

from the perimeter walls. 

The features of the grid for this research is defined by 

square cells of 0.25 m, a task area parallel to the floor, 

placed at a height of 0.85 m and an offset distance from 

the wall of 0.50 m. 

Occupational schedules. The simulations setting 

considers some parameters related to occupation of the 

space such as occupancy schedules, equipment and 

lightning; this work considers a typical office occupation, 

precisely a weekdays use from 9 am to 5 pm; schedules 

are based on values from office schedules in the ASHRAE 

Standard 90.1-2004 (ANSI/ASHRAE/IESNA, 2010) and 

collected in the EnergyPlus database (BTO, s.d.). 

Accuracy of calculation. This parameter provides a 

measure of how fine the luminance distribution in a scene 

is calculated. Among the factors describing the simulation 

model, Radiance management considers the Ambient 

Bounces (-ab) as the parameter that controls the 

maximum number of diffuse bounces in the indirect 

calculation of diffuse light. The value of -ab should 

generally represent the number of reflections required for 

a light to reach the point of interest. Setting the value of 

ambient bounces to zero, means that ambient calculations 

are switched off. With ambient calculations switched off, 

direct light will reach at the point of interest if possible, 

but the contribution of the direct light into the room will 

not be considered (Erlendsson, 2014). 

The – ab value used in the simulations is equal to 4. 

 

Results 

Software and Daylight Metrics 

This study evaluates the daylight metrics for each case 

study, calculated through a selection of five softwares. 

A comparison between the results by metrics, case studies 

and tools is presented (Table 3). 

Case 01 is the reference room and presents a good level 

of illuminance, with values between 3-5% for DF, 

DA500lux e UDI100-2000lux greater than 50%, sDA300lux 50% 

greater than 55%. 

 

 

 

Table 3 - Results by metrics, case studies and tools. 

Case Metrics Software 

  Diva Daysim Ecotect Radiance 

01  

DF 5.44% 3.57% 2.34% 3.9% 

DA500lux 65.67% 65.49% 30.45%  

UDI100-2000lux 64.53% 62.53%   

sDA300lux 50% 63.3%    

 

 

 

 

02  

DF 3.16% 2.02% 2.05% 2.19% 

DA500lux 41.17% 37.11% 34.00%  

UDI100-2000lux 60.27% 65.85%   

sDA300lux 50% 33.1%    

 

 

 

 

03  

DF 3.77% 2.11% 2.23% 2.30% 

DA500lux 69.08% 49.95% 45.33%  

UDI100-2000lux 70.48% 76.42%   

sDA300lux 50% 78.90%    

04  

DF 3.58% 3.15% 1.90% 352% 

DA500lux 67.80% 68.59% 22.79%  

UDI100-2000lux 67.35% 66.97%   

sDA300lux 50% 46.70%    

 

 

 

 

05  

DF 1.53% 1.58% 0.33% 1.94% 

DA500lux 17.51% 19.64% 3.55%                                                    

UDI100-2000lux 68.32% 72.36%   

sDA300lux 50% 17.60%    
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Case 02, as expected, shows an uncomfortable situation 

because illuminance values decrease with increasing 

distance from the opening, presenting values 2-3% for 

DF, DA500lux lower than 50%, UDI100-2000lux greater than 

50%, sDA300lux 50% lower than 55%. 

Case 03 shows a comfortable situation due to the 

influence of diffuse radiation, with values between 2-4% 

for DF, DA500lux greater than 50%, UDI100-2000lux lower 

than 50%, sDA300lux 50% greater than 75%. 

Also Case 04 presents a suitable distribution of 

illuminance, with values between 2-4% for DF, DA500lux 

greater than 50%, UDI100-2000lux greater than 50%, 

sDA300lux 50% lower than 55%. In respect to Case 01 the 

illuminance distribution is more suitable because the 

panel has the double function of reflective and shadow 

element: the light rays reflect toward the bottom of the 

room and are blocked near the window with a reduction 

of glare situation. 

Case 05 underlines the behaviour of lighting in urban 

neighbouring obstruction, for example in case of building 

near by openings; the calculation shows values between 

1-2% for DF, DA500lux lower than 50%, UDI100-2000lux 

greater than 50%, sDA300lux 50% lower than 55%. 

Case Studies 

Considering the values of each metric and the related 

graphical visualization on the task area, the study 

evaluates the illuminance level and the spatial distribution 

on the rooms.A discussion concerns on the results Diva 

for Rhino plug-in, due to the completeness of the 

calculation on a single tool (Table 4). 

The presentation of the results cell per cell on the grid is 

useful to relate lighting level and space in order to give 

information and tips to apply on design for interior 

furniture, solar shade applications, artificial lighting 

installation. 

In the Simple room (Case 01), the interior illumination 

has a greater intensity and a presence of possible glare 

near the opening, that decreases across the room. Overall 

the illumination distribution could be considered good. 

In the Deep room (Case 02), the interior illumination has 

lower values than Case 01, due to the greater depth 

dimension of the room. 

In the Room with borrowed light (Case 03), the levels of 

illuminance are slightly higher compared to Case 01. The 

indices UDI100-2000lux and sDA300lux 50%, obtain the highest 

value over all the case studies, meaning a more 

comfortable condition. The openings placed in the filter 

space guarantees abundant illumination without 

phenomena of discomfort or glare. 

In the Room with light shelf (Case 04), the reflective 

properties of the light shelf influence the UDI100-2000lux and 

sDA300lux 50% values, because the panel could shield part of 

the radiation adjacent to the opening and could carries the 

natural light at the bottom of the room. 

In the Room with obstruction (Case 05), the internal 

illuminance levels show lacking values: in particular, the 

sDA300/50% index obtains the lowest value of all the cases; 

instead the UDI100-2000lux index obtains a higher value as 

opposed to the case 01, because the obstruction placed 

next to the opening keeps the interior space from a more 

intense radiation. 

 

Discussions 

Software 

The study discusses about the results given by software 

simulations and makes a comparison between daylight 

metrics and case studies. 

In general, by comparing the obtained values, the 

softwares return different results for each metric with 

some similarities, since the structure and source code of 

the programs adopt the same Ray Tracing algorithm or are 

manageable by the same platform. 

However, the study gives evidence about differences 

between the mean values of the same metric calculated 

with different instruments: the most significant 

differences are between the values of the DA and UDI 

metrics, while the trend for DF is much more regular. A 

possible explanation could be led back to the reworking 

of the Radiance algorithm by the source code. 

Ecotect results present the major differences because the 

use of Split-flux method doesn’t take into account 

multiple lighting reflectances which leads to a gross 

under-prediction of interior lighting levels in the presence 

of thick walls, light-shelves, overhangs or other elements 

that are commonly found in daylit spaces. For example 

Ecotect is not able to calculate the reflectance index 

higher than 0.85, so the tool truncated the light-shelves 

surface reflectance that shoud be a value of 0.90. 

Moreover Ecotect adopts only two sky models (CIE 

Overcast Sky Condition and CIE Uniform Sky Condition) 

that are not compatible with the DA calculation, which 

foresees the use of a model of sky considering the annual 

weather variations. In fact CBDM approach considers the 

use of Perez Skies based on TMY weather data, that can 

also convert hourly weather data for finer increments with 

sky variations. 

Daysim and Radiance reveals a quite similar results for 

DF due to the adoption of the same algorith and the 

generation of geometric model and data input are 

generated by Ecotect, that in this study is used as a 

medium to create the model and also to read the outputs.  

Also for Diva the same 3D model is exported from 

Ecotect to Rhino, and suddenly need to insert data to 

characterize the analysis. 

The most exaustive results are given by Daysim and Diva 

(based on Daysim), that simulate all CBDM metrics. The 

differences between Diva and Daysim could be explained 

through the method used for Daysim analysis, which 

involved exporting data from Ecotect and adopting a 

different sensor grid data location (placed at the grid edge 

intersections in Ecotect, at the center of each grid cell in 

Diva). 

Climate-based simulations revealed that the use of Rhino 

as a modelling platform with the DIVA lighting analysis 
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plug-in gives the most comprehensive data set when 

calculating daylighting metrics and generates documents 

containing comprehensive data on illuminance 

measurements and glare ratings. Surely Diva adoption is 

the most reliable due to the conntinuos development of 

new versions and also the fact that the use and analysis 

could be more easily integrated into the modeling 

workflow and the time of analysis is to much faster than 

the other softwares. 

 

Table 4 - values and graphical view of results given by calculation with the plug-in Diva for Rhino 

Case study DF DA500lux UDI100-2000lux sDA300lux 50% 

 0%                 5% 

 

0%           100% 

 

0%           100% 

 

0%           100% 

 

         
01 

5.44 % 

 

65.67% 

 

64.53% 

 

63.30% 

 

     
02 

3.16% 

 

41.17% 

 

60.27% 

 

33.10% 

 

         
03 

3.77% 

 

69.08% 

 

70.48% 

 

78.90% 

 

        
04 

3.58% 

 

67.80% 

 

67.35% 

 

46.70% 

 

        
05 

1.53% 

 

17.51% 

 

68.32% 

 

17.60% 
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Metrics 

The assessment of the values of the metrics (DF, DA500lux, 

UDI100-2000lux, sDA300lux 50%) give evidence of the 

behaviour in relation to the kind of internal space. 

The comparison between the various metrics shows how 

DF is a parameter that depends on the amount of lighting, 

but it does not refer to climate and orientation. 

The DA500lux was the first metric to be defined for the 

dynamic method and for this reason is more detailed than 

DF, but still too general in the definition of natural 

illumination in internal spaces. As can be seen from the 

graphical view and charts, DA500lux is directly 

proportional to the amount of light available, especially 

for lighting values greater than 500 lux. Unfortunately, 

this metric is lack in defining too high values and in giving 

meaning to the range of results below 500 lux. So, in the 

next simulations it will not occupy a significant place for 

the benefit of the other two dynamic metrics (UDI100-

2000lux, sDA300lux 50%) more accurate in computing the 

lighting level. 

UDI100-2000lux defines the percentage of frequency with 

which the illumination is present on the work plane, 

between 100 and 2000 lux values. It represents the 

amount of light considered useful for different purposes, 

but the graphical view need an accurate evaluation 

because the cells give a percental value in relation to a 

illuminance range and not in relation to a specific value 

of illuminance. 

The sDA300lux 50% metric defines the percentage of space in 

which there is at least 300 lux for 50% of the working 

time. This is one of the most recent metric and introduces 

the space as well as the time parameter to define 

illuminance comfort, with the aim to use daylight source 

during half time of working day hours. 

Case Studies 

The distribution of lighting levels on the case studies 

should suggest some considerations and suggestion of 

improvement for lighting comfort and reduction of glare 

situation. 

In the Simple room (Case 01), the internal illuminance 

could be improved: artificial light use is not required 

during daytime hours, but dimerization and control 

devices should be installed. To avoid glare discomfort, an 

interior design should consider the location of furniture 

away from the windows, or the possible installation on 

shadows devices near by the openings. 

In the Deep room (Case 02), illuminance levels are very 

lower at the bottom of the room and installation of several 

control groups for artificial light sources need. The best 

disposition of furniture should take advantage of the 

central part of the room. Glare may occur near by the 

opening, so shielding devices are needed. 

In the Room with borrowed light (Case 03), the levels of 

illuminance are slightly higher compared to case 01. The 

indices UDI100-2000lux and sDA300lux 50%, obtain the highest 

value among the case studies, meaning a more 

comfortable condition given by the filter zone. 

In the Room with light shelf (Case 04), the space that can 

be used for the interior layout of furniture without 

discomfort increasing, due to a better distribution of 

natural light. For the same reason artificial lighting is also 

needed in minor quantity, saving resources and energy 

consumption. 

In the Room with obstruction (Case 05), the screening 

action of the obstruction placed next to the opening does 

not allow sufficient levels of illuminance for carrying out 

activities, making necessary the aid of artificial 

illumination. There are no phenomena of discomfort due 

to excessive illumination. 

 

Conclusions 

From analysis of the data obtained, it is possible to define 

a relation between the quantity and the quality of 

illuminance of the environments and their properties. It 

must be stressed that the considerations described below 

emerged by the comparison between the reference case, 

Case 01, and the other rooms. The highest values of the 

most recent metrics (UDI100-2000lux and sDA300lux 50%) are 

verified for the Room with borrowed light (Cases 03) and 

the Room with light shelf (Case 04). It should be noted 

how in those rooms the presence of shelter elements has 

improved the quality and quantity of illuminance values. 

In fact, the filter space adjacent to the openings in Case 

03 and the light shelf in Case 04 give positive effects: the 

most intense direct solar radiation is limited by filters, so 

as to guarantee a reduction of the excessive solar gain, 

and, furthermore, solar radiation is better distributed, in 

order to guarantee practically constant optimal levels of 

illuminance. 

The elements not improving the conditions inside the 

rooms are the excessive depth of Case 02 and the 

excessive obstruction caused by the volume placed next 

to the opening in Case 05. 

Natural illumination has a positive influence on indoor 

comfort, but it should be distributed homogeneously in 

relation to the ratio between opening dimensions and task 

area of the room. 

Moreover Case 05 demonstrates how suitable external 

conditions impact on the internal illuminance conditions: 

the obstruction placed near the opening limits the amount 

of light entering the room. 

With refererence to the adoption of tools, the study shows 

how the same model with same characterizations could 

calculate outputs that should be considered valid in 

relation to the engine, but Diva is considered the most 

reliable and usable due to the continuous upgrading, the 

speed of calculation and the compression of the metrics. 
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