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ABSTRACT: This paper presents a design process taken within a commercial green building consultancy to establish 

the daylight availability in various spaces and how to respond to this with appropriate selection of luminaires and/or 

controls. Typical approaches in projects with limited budget availability are all or nothing – and this paper proposes 

a rationalisation of strategy through the building according to the availability of daylight considering duration and 

pattern. The paper describes the post processing of DaySIM .ill files to establish potential artificial light requirements 

against different lighting levels and the related energy consumption of different luminaires. Included are 

considerations for blinds with multiple ill files for the same model considering different blind options as well as 

variations in control strategies. The designer uses the results to establish an appropriate lighting and control strategy 

per zone. The strategies can vary from inefficient light fittings on perimeters zones controlled by simple on/off 

switching due to high daylight autonomy, to efficient fittings with daylight dimming in internal zones with high lux 

level requirements. The paper presents the logic, the underlying analysis, different ways of presenting the results to 

assist in understanding different potential strategies and the variations in potential response. The paper concludes the 

applicability of the approach through using an example and proposes enhancements to the process.  
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INTRODUCTION  

This paper presents a design process taken within a 

commercial green building consultancy to establish the 

daylight availability in various spaces (after an optimized 

building design process) and how to respond to this with 

appropriate selection of luminaires and/or controls.  

 

Typical approaches in projects with limited budget 

availability are all or nothing – at the initial design stages 

the project teams propose high efficiency fittings 

everywhere and then potentially daylight controls as 

well. Budget constraints often result in the exclusion of 

the daylight controls, dimmable ballasts and even a down 

specification of the luminaires themselves. This can have 

a significant cascading impact on the overall building 

performance, influencing passive cooling or heating 

strategies or mechanical systems.  

 

The rationalisation of the controls and luminaires 

increases the probability that the lighting budget will fall 

within the project budget while realising a significant 

portion of the total efficiency potential. 

 

 
PROCESS DESCRIPTION 
Multiple software programs (Ecotect, DaySIM, Radiance 

and Lightview) are used in the analysis process.  

 

The geometric model (example shown in the 

following figure for clarity) is produced in Ecotect [1] 

and includes basic surface materials and glazing 

information. An analysis grid is created in Ecotect. The 

model is then exported to DaySIM. [2] It is possible to 

check/correct the surface and glazing material files via 

using a pre-established materials database and using 

corresponding material names in Ecotect, or directly 

editing the exported Radiance model file. [3] 

 

 
Figure 1: Snapshot of Ecotect model with analysis grid shown   

 

DaySIM then uses Radiance to produce an .ill file 

which contains lux level data for every grid point of the 

analysis grid for every hour of the duration analysed – a 

full year in this process. The distinct advantage of this 

compared to processes using daylight factor or a few 

points in time in the year, is that one gets both a high 
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resolution of data with respect to climate and natural 

light variations as well as taking into consideration 

interventions using reflection of light deeper into the 

space. Light redirection devices play a significant role in 

daylight strategies in predominantly sunny climates and 

should considered in lighting simulations as opposed to 

methodologies based on diffuse sky driven from 

processes developed in cloudy sky climates. 

 

Lightview (an in-house software – not a commercial 

product, called as such as it is used to view the analysis 

of lighting simulation results) performs a post process on 

the .ill file by reading the file as well as the initial points 

file. The user can define; control zones over the analysis, 

options with regards to lighting fitting efficiency and 

control zones and logic around blinds. More detail on 

this is provided later in this paper.  

 

Lightview exports the data to Excel templates that 

receives the outputs and produces various graphs that are 

used to gain an understanding of the nature of the 

daylight availability. Users are typically more familiar 

with Excel than with the programming used for 

Lightview. This allows for more of the users to be able to 

perform further processing of the data and manipulation 

of the graphs to make them more intelligible or appealing 

to a wider audience. This has assisted in accelerating 

both understanding and development of the processes.  

 

The user combines results into a report with imagery 

of the original model with the Daylight Autonomy results 

imported into the analysis grid, the zoning and grid 

image from Lightview and the graphs from the Excel 

templates as indicated in the following figure.  

 

 
Figure 2: Snapshot of an analysis sheet.   

 

 

DAYSIM .ILL FILE PROCESSING 

Lightview takes the .ill file (as explained before, this is 

the DaySIM results file and provides a lux level for each 

grid point for every hour of the analysis period – in this 

process a year) and the corresponding Ecotect points file 

to create a corresponding analysis grid graph. The grid 

corresponds to the points file and the colour  at that point 

corresponds to the selection of: continuous or increment 

daylight autonomy, usable daylight index, usable 

daylight index max according to the lighting thresholds 

and duration of analysis entered by the user. In effect it is 

a three dimensional graph viewed from above to see both 

colours and contours.  Examples of this are indicated 

later in this paper.  

 

 
Figure 3: A grid following the complex modelling geometry and 

the rationalisation of the grid in order to be able to zone the 

results 
 

The user then sets the lighting zones across the 

analysis grid. As demonstrated in the project example 

included towards the end of this paper, the zoning is 

influenced by a proposed lighting design with 

corresponding luminaire positions which becomes the 

increment by which one will influence the lighting 

consumption, luminaire selection and control zoning 

logic. Zoning is currently only possible to perform on a 

simple rectilinear grid and the zones can only be in a 

single direction. Buildings with a complex geometry 

have the daylight autonomy analysis performed with a 

grid following the complex geometry to determine how 

rectilinear grids can be selected to perform the zone 

based analysis as per the previous diagram. 

 

The user selects the potential dimming consumption 

profile of the luminaire, sets the maximum corresponding 

lighting power density of the base case being considered, 

the reduction in power density due to the selection of 

efficient fittings (the input is currently a percentage of 

the maximum lighting power density).  

complex 

simplified 
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Lightview includes a possibility to consider the 

impact of blinds on the space. Currently this is based on 

a simplistic method of determining when grid points 

exceed a lux level selected by the user (for now 2000 lux 

has been used but we have not found a reference for the 

threshold.) When that the threshold is achieved, the user 

can choose for Lightview to either: (1) set the data for all 

grid points to zero on the basis that the blinds are down 

and there would be insufficient light available for any 

dimming or the lights to be on based on on/off control or 

(2) draws data for the grid points from a second .ill file 

that the user has selected where the blinds down/glare 

control scenario has been simulated. It is acknowledged 

that at this stage that this does not take into account users 

leaving the blinds down for the rest of the morning/day 

and therefore might only be accurately representing an 

automated blind system using the same control logic as 

described.  

 

The user can then choose to export the result of each 

zone as a comma separated value file in a format that 

Energyplus [4] can be set to read as the lighting power 

density schedule for the year to be considered in the 

thermal simulations. However in the scope of this paper, 

this is considered just an output and currently not part of 

the decision making process around luminaire selection 

and lighting controls.  

 

 

EXPLANATION OF OUTPUTS 

The following outputs are explained in more detail. 

However, how they are used in the decision making 

process is explained in the example presented later in this 

paper.  
 

Analysis Grid: Continuous or Incremental Daylight 

Autonomy 

The lux levels are analysed at each grid point against 

a user selected threshold – typically the lighting system 

lux level – to provide a map of the corresponding 

daylight autonomy. Typically two maps are produced, 

one for Continuous Daylight Autonomy (the duration of 

the analysis period that the selected lux level is met 

through natural light including fractional availability) [5] 

and one for Incremental Daylight Autonomy (similar to 

Continuous Daylight Autonomy but only fully met hours 

are considered. The following two diagrams show this 

output. 

 
Figure 4: Grid with Continuous Daylight Autonomy -500lux.   

 

 
Figure 5: Grid with Incremental Daylight Autonomy – 500lux.   

 

Analysis Grid: Usable Daylight Index Max 

The lux levels are analysed at each grid point against 

a user selected threshold – currently 2,000lux but a lower 

level value has been used in the author’s projects that 

include raked lecture theatres. Useful inputs for these 

limits still need to be established. The map indicates the 

percentage of the year that the threshold is exceeded as a 

simplistic indication of where glare is occurring due to 

excessive daylight availability.   

 

Daily lighting profile of the days with the most and least 

daylight availability  

Lightview determines which day of the year has the 

highest daylight availability and which has the lowest for 

the grid point central to a zone. It places the hourly data 

for those two days data into the excel template. The 

following graph is produced for each of the days. 

 
 

 
Figure 6: Hourly lighting energy consumption pattern   
 

Inefficient on 

Inefficient dimmed 

Efficient dimmed 
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The vertical axis represents the energy consumption 

in W/m2 and the horizontal axis represent the hour of the 

day. There are three lines on the graph: one as a base 

case showing the inefficient lighting option with no 

diming and control only according to occupied times, one 

with the inefficient lighting with dimming control, one 

with efficient lighting with dimming control. The option 

of efficient lighting without dimming control is not 

shown as it is merely a simple reduction of the inefficient 

undimmed profile. Parasitic power of control systems is 

included and therefore during the day even if the lighting 

is fully dimmed, consumption is indicated  
 

Annual energy consumption of the different light options 

for each zone 

The following graph, produced from the data of the 

node central to each zone and the potential position of 

sensors, shows the related annual energy consumption 

for each of the efficiency and control options per zone.  
 

 
Figure 7: Annual lighting energy consumption for the various 

options per zone   
 
 

EXAMPLE: UNIVERSITY OF WITWATERSRAND 

UNDERGRADUATE SCIENCE CENTRE 

The following example is used to illustrate how these 

different outputs are considered and result in the 

luminaire and control logic selection. 

 

 
Figure 8: Photograph of the north facade of the laboratory 

section showing external walkways that double up as shading. 
 

The University of Witwatersrand new Undergraduate 

Science Centre in Johannesburg, South Africa is a 

combination of a new building that houses large 

instructional laboratories for basic first year student 

collective experiments and a converted athletics 

stadium/pavilion into enclosed lecture spaces. While the 

same process was used in the lecture and tutorial spaces, 

there is only sufficient space in this document to describe 

the approach to the laboratories indicated in the 

photograph below.  

 

Figure 9: Image of a typical laboratory space with the lighting 

on.    
 

The ground floor is used to illustrate the approach. As 

indicated in the floor plan provided, this floor is daylit 

from the north (note the project is in the southern 

hemisphere) and east facades. Technical support, storage 

and smaller specific laboratories to the south prevent 

double sided daylight availability. While a deep space at 

21.6m, the 5.95m floor to soffit height assists 

significantly with natural light.  

 

 
Figure 10: Ground floor plan of laboratory section.  

 

The basic Ecotect model including the analysis grid is 

shown in the following figure.  

 
Figure 11: Ecotect model showing analysis plane on the 

ground floor.  
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The project was analysed as per the process 

previously described in this paper and the following 

images and paragraph show the results and describe the 

conclusions established from those results. The following 

design questions were posed: how many control zones 

would make sense, what control strategies should be 

implemented in the final zoning and, how could the costs 

of the fittings be rationalised? The following image 

shows the proposed luminaire layout that defines the 

increments of consideration with regards to control.  

 

 
Figure 12: Proposed lighting layout.  

 

Number of Zones? 

 The following figures show the daylight autonomy 

results with two zoning options: a zone for each row of 

lights.  

 

 
Figure 13: Zoning per run of luminaires.  
 

 
Figure 14: 3 lighting zones 

 

The following graphs give the annual energy 

consumption for the different zoning options As marked 

up in the figure it becomes clear that extensive zoning 

gives little benefit and that zones can be combined to 

simplify wiring and rationalise the number of sensor 

points. 

 

 
Figure 15: Annual energy consumption for zoning per run of 

luminaires (key in graph below) 

 

 
Figure 16: Annual energy consumption for 3 zones  
 

Control Strategies?  

 The following control strategies were available to the 

project: daylight dimming, on/off daylight control, timer 

control to be on during expected occupied hours, user 

control, occupancy sensors, and occupancy sensors with 

user override. There were various cost implications with 

the different potential control strategies that will not be 

discussed in detail.  

 

 A criticism of on/off daylight control is that 

occupants can be irritated by the constant and sudden 

switching on or off of lights as the daylight availability 

varies. Some projects choose to overcome this by 

dimming the lights to full and then dimming them down 

to off again over a short period of time, however this still 

requires costly dimmable ballast. Therefore the strategy 

only becomes suitable for zones that have significant 

daylight availability with little probability of the lights 

flashing on and off causing irritation. The following 

graphs indicate the daily lighting profiles as previously 

explained. It is not the data quantities that are of interest, 

but the pattern of the data seen in the graphs. It becomes 

quite clear which zones will have very little dimming 

requirements – typically only at the start and end of the 

day (it is interesting to note that Johannesburg has very 

clear and crisp winters with little cloud cover and low 

humidity.)  
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Figure 17: Hourly lighting energy profile for the three zones 
 

 As indicated in the graphs, on/off control is chosen 

for the perimeter zones, dimming for the central zone and 

occupancy sensor with user over ride control for the 

deeper zone. This selection is further confirmed by the 

graph in pervious figure 17 which indicates that the 

saving due to dimming in this deeper zone is not 

significant.  

 

Rationalisation of Fittings? 

 The following  basic logic question is proposed with 

regards to fittings – if the fitting is unlikely to be on or if 

it will be dimmed for a significant portion of time, then 

does it still have to be efficient? Figure 17 is used to 

indicate which zones where on/off or dimming logic 

would result in significant energy saving and it becomes 

clear that efficient fittings would not be necessary in the 

perimeter zone. In this particular project though, there 

were adequate capital cost savings and so it was decided 

to rather have a common fitting throughout the space. 

The final basic control and light logic is indicated in 

figure 18.  

 

 

REFLECTION AND PROPOSED 

ENHANCEMENTS 

The following aspects have been identified for inclusion 

or improvement: improved layout of the results sheet for 

other project team members to better understand the 

implications, more realistic logic around user blind 

control – down for the rest of the day and/or input hours 

of delay before the blinds are lifted again, a single 

indicator to measure the probability of irritation around 

on/off daylight control, additional complexity in the 

parasitic consumption of the control system, 

simultaneous export of incremental and continuous 

daylight autonomy and related dimming and on/off 

control to reduce the number of steps in the process, 

inclusion of blind control due to sky dome glare in the 

view field of users.   

 

 
Figure 18: Final proposed control logic 

 

 

CONCLUSION 

This paper presented a process of rationalising control 

logic and luminaire selection based on qualitative and 

quantitative analysis of hourly daylight availability 

throughout a space being considered. The approach 

shows whether simple on/off daylight control would 

cause irritation of users (cost wise a preference over 

more expensive dimming control), which zones are 

worth dimming or not, where dimming or on/off daylight 

control is sufficiently effective to select inefficient and 

therefore more cost effective) light fittings as the 

consumption would be adequately reduced. The 

limitations of the approach have been acknowledged with 

proposal for further additions and enhancements to the 

process. The example included demonstrates that the 

approach can have quite an impact on the lighting 

planning in an informed way.  
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