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Abstract: This paper investigates two different daylight metrics, the commonly used daylight factor (DF) 
and the new IES approved climate based daylight modelling method (CBDM) IES LM-83-12 in 
comparison, with regards to their impact on the overall energy demand for heating, cooling and lighting 
as well as the optimum resulting window size. The assessment has been performed for a typical cellular 
office room in the climate of Athens, Greece. Different window to floor areas have been compared and 
the variations have been tested with and without an external overhang for North and South orientation 
and with an internal roller blind for the assessment of the Spatial Daylight Autonomy. The daylight 
factor (DF) assessment gives satisfactory results for almost all configurations. The IES LM-83-12 metric 
requires two criteria to be met, the Spatial Daylight Autonomy (sDA) and the Annual Sunlight Exposure 
(ASE). While the requirements for Spatial Daylight Autonomy are met for most configurations, the 
requirements for the Annual Sunlight Exposure are only met on the North façade.  
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1. Introduction 

Daylighting is an important parameter for the assessment of a building's energy performance. Human 
visual system is extremely well adapted to daylight and the use of daylight in buildings can significantly 
reduce both peak loads and artificial lighting energy consumption and therefore greenhouse gas 
emissions.  

Traditionally daylight has been evaluated quantitatively, using the daylight factor (DF). The daylight 
factor is defined as the ratio of internal illuminance to unobstructed horizontal illuminance under 
standard CIE overcast sky conditions (Moon and Spencer 1942). It is expressed as a percentage of the 
unobstructed outside illuminance that is available indoors. Although there are various 
recommendations for typical daylight factor values, an average value around 2% is considered 
satisfactory. For example In EN 15193:2007 an average value >=2%  corresponds to a medium daylight 
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penetration while in BREEAM, for offices, a good practice daylight criteria is met when  an average value 
of 2% is achieved for 80% of the spaces examined  together with a certain value in uniformity. The 
advantage of the daylight factor evaluation lies in its simplicity, as it can be easily calculated and the 
assessment can be done in architectural offices alongside the design process.  The shortcomings of the 
daylight factor however are also related to its simplicity. Being expressed as a percentage, the daylight 
factor does not provide actual illuminance values for the interior space under assessment which could 
be compared with target values for indoor illuminances. Based on overcast sky conditions, the daylight 
factor does not consider direct sunlight and it does not provide an indication of potential glare, sun 
patches, solar angle, intensity and redirection of sunlight. According to Mardaljevic (Mardaljevic 2009), 
the daylight factor can lead to overglazed buildings that are exposed to high solar heat gains. 

In order to overcome the disadvantages of the daylight factor, climate based daylight modelling 
(CBDM) is a new IES approved approach  for daylight evaluation and it is based on two metrics using 
daylight conditions from typical meteorological years (TMY) as its basis (IES LM 83-12).  

1. Spatial Daylight Autonomy (sDA) measures daylight illuminance sufficiency for a given area. 
It is defined as the percentage of floor area, that meets or exceeds a specified illuminance 
level (recommended 300 lux on horizontal surfaces, 0.8m above finished floor) for a 
specified amount of annual hours (recommendation: 50% of the hours from 8am to 6pm). 
The IES  guideline suggests two different quality levels for Spatial Daylight Autonomy, the 
first being ‘preferred daylight sufficiency’, in case 75% or more of the analysis area meet the 
above mentioned criteria the second being the ‘nominally accepted daylight sufficiency’, if 
55% or more of the analysis area meet the above criteria.  

2. Annual Sunlight Exposure (ASE) assesses the potential visual discomfort using as an 
indicator an illuminance value (>=1000 lux)   caused by direct sunlight on the working 
surface ASE is defined as  the percentage of the analysis area which exceeds 1000lux for 
more than 250h per year without the use of any blinds and assuming the operational period 
between 8am and 6pm.  

3. For the calculation of Spatial Daylight Autonomy an interior (blinds or shades) shading 
system is used which is activated according to the percentage of grid points having direct 
illuminance values >1000 lux. If more than 2% of the analysis grid points received direct 
sunlight then, blinds for example, are closed. In addition, if for the activation of the shading 
system a specific control strategy is used then this strategy should be modelled. 

While climate based daylight modelling is potentially more accurate that the daylight factor 
assessment and combines the quality of the light (i.e. potentially glary sunlight) with qualitative 
parameters, the shortcoming of this method is a significantly more complicated method of evaluation. 
The evaluation requires specialised software such as RADIANCE, and the knowledge to operate such a 
software is not a common skill in architectural practices. As a result climate based daylight modelling 
assessment is likely to be performed by external consultants, and this requires an additional budget, 
consumes more time and is less intuitive than the daylight factor assessment.  

This paper uses the daylight factor and the climate based daylight modelling assessment 
comparatively for a typical cellular office room in the climate of Athens, Greece. The aim is to evaluate 
the impact each metric has on the recommended window size and resulting overall energy consumption 
for heating, cooling and lighting. Resulting implications for architects will be discussed.  
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2. The test room 

The simulations for this study are based on a typical cellular office room with the properties listed in 
table 1 and illustrated in figure 1 for the climate of Athens, Greece. For the investigated room 8 different 
window to floor ratios ranging from 10 to 45% have been modelled as indicated in figure 1, and the 
orientations North and South have been compared. In all configurations no external obstructions were 
considered. The interior surface reflectance is 0.5 for walls, 0.7 for ceiling, and 0.2 for the floor. 

 

 

Figure 1: Perspective view, front view, cross section and window to floor ratios for the test room. 

Internal heat gains have been modelled using the following parameters: People occupancy = 0.1 
person/m2; electric lights = 16W/m2; electric equipment = 15W/m2; Hours of operation = from 
08:00am to 18:00pm. Heating and cooling temperature set points are considered as 20 and 26 degrees 
respectively. The room is assumed to be mechanically ventilated. The reference models for energy 
simulations were constructed to meet the minimum energy codes and standards (U-Values; hours of 
operations, temperature set-points, etc.) for office buildings according to the thermal legislation of 
Greece (B' Climatic Zone). An ideal continuous dimming system is used in the room having a minimum 
input power percentage equal to 15% while the minimum light flux percentage is considered equal to 
5%.  

For the daylight assessment according to the LM-83/2012, the window unit was equipped with an 
interior roller shade having visible transmittance and reflectance 5% and 70% respectively. This is 
somehow a base case scenario when the design team has not defined the exact shading system type 



1100 A. Tsagrassoulis, A. Kontadakis and A. Roetzel 

 
 

and properties. The roller control strategy was constructed to meet the minimum requirements 
according to the IES LM-83.  

Table 1: Simulation input geometry. 
Office room properties

Length (m)

Width (m)

Floor to ceiling height (m)

Façade wall thickness (m)

Façade wall area (m2)

Floor area (m2)

Window properties

Type

U-Factor (W/m2K)

Visible Transmittance (%)

SHGC

heigth (m) 1.5 1.5 1.5 1.5 1.8 2.1 2.4 2.5

Width (m) 1.224 1.836 2.448 3.06 3.06 3.06 3.06 3.3048

Window sill (m) 1 1 1 1 0.8 0.5 0.2 0.1

Window head height (m) 2.5 2.5 2.5 2.5 2.6 2.6 2.6 2.6

Window to floor ratio (wfr) (%) 10% 15% 20% 25% 30% 35% 40% 45%

Window to wall ratio (wwr) (%) 20% 30% 40% 50% 60% 70% 80% 90%

Window area (m 2 ) 1.836 2.754 3.672 4.59 5.508 6.426 7.344 8.262

Window frame ratio

Window wall projection

Shading device properties

Type

Reflectance (%)

Width (m)

Length (m)

Distance from the window (m)

3.4

1

0

9.18

18.36

0.217

0.1275

exterior overhang

50

5.4

Double Clear glazing, Low-E coating

1.912

63.9

0.568

0.255

2.7

3.4

 

3. Simulation setup 

Figure 2 illustrates the modelling of the test room in DaySim as well as EnergyPlus. The methodology 
used is described with details in the following steps: 

1. Two DaySim (DaySim 2013) simulations (with and without the interior roller fully deployed)  
on hourly basis were performed using the following RADIANCE (Desktop RADIANCE) 
parameters (-ab 6 –ad 2000 –as 500 –ar 300 –aa 0.1 -dds) and Athens, Greece weather file. 
Illuminance values were obtained on a grid of 0.2m x 0.2m. 

2. One DaySim simulation (DaySim/RADIANCE parameters used –ab 0 –dds)  to determine the 
Annual Sunlight Exposure in the room based on the direct illuminance as provided in the 
weather file. 

3. For every hour, using the results from the step 1 simulations, a new file is created. On each 
particularly hour, if  2% or more of calculation grid points (step 2 simulation) receive solar 
direct illuminance more than 1000 lux, the results from the  simulation with interior shading 
fully deployed are used, otherwise the results with no shading are used.  This new file is used 
for the assessment of the Spatial Daylight Autonomy (sDA) with values >= 75% preferred, 
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>=55% accepted and <55% categorised as insufficient. At this point, a schedule for the 
operation of the interior shading system is created. 

As a fourth step EnergyPlus (DOE 2013) simulations have been performed, based on the same 
weather file used in DaySim/RADIANCE and shading operational schedule derived from the third 
step. The results have been evaluated with regards to the resulting energy demand for heating, 
cooling and lighting. 
 

 

Figure 2: Simulation setup with DaySim and EnergyPlus. 

4. Results  

Figures 3 to 5 illustrate the results for the lighting and energy demand for the North and the South 
orientation. In each of these graphs, the daylight assessment results are visualised in the markers 
connected by dotted or continuous lines for daylight factor, Spatial Daylight Autonomy as well as Annual 
Sunlight Exposure. These are measured by in % as indicated on the vertical axis on the left hand side of 
the graph. The bars are visualising the resulting energy demand in kWh/m

2
 related to the vertical axis on 

the right hand side of the graph. The energy demand for each of the 8 different window to floor rations 
is evaluated without (left bar) and with (right bar) activated roller blind, resulting in a set of two bars for 
each configuration.  
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4.1. Daylight assessment results for the North orientation 

The results in figure 3 show, that for the North orientation and a window to floor ratio of 20% and 
above, the room configurations with or without external overhang result in a Spatial Daylight Autonomy 
(sDA) of 55% and more and thus satisfy the ‘acceptable’ condition. Without overhang window to floor 
areas of 30% and more and with overhang window to floor areas of 35% also meet the criterion of 75% 
for ‘preferred’ conditions.  

With regards to the Annual Sunlight Exposure (ASE), values for North orientations for all window to 
floor ratios range between 0 and 2.08%. Although IES LM 83-12 acknowledges that additional research 
on target values for ASE would be required, as a guideline, an acceptability threshold of <3% and an 
unsatisfactory threshold of >10% is suggested. The Annual Sunlight Exposure results on the North 
orientation are both well below this threshold. It can be concluded that on the North side, all 
investigated configurations meet the requirements of the IES daylight metric as long as the window to 
floor area is larger than 20%. In comparison, the daylight factor analysis based on a threshold of 2% 
produces results of >2% for all investigated window to floor ratios from 10% to 45%. When using the DF 
and the IES metric as a design guideline to determine the optimum window area, it can be concluded 
that for the North side, the IES LM 83-12 metric leads to larger window areas compared to the daylight 
factor. 

 

Figure 3: Simulation results for the test room, base case vs. base case with roller without overhang for 
North orientation.  

4.2. Daylight assessment results for the South orientation 

Orientated to the South, window to floor areas of 20% and above result in a Spatial Daylight Autonomy 
of 55% or more, and thus meet the criterion for acceptable conditions. Without external overhang 
(figure 4), configurations with a window to floor area of 25% also meet the Spatial Daylight Autonomy 
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threshold of 75% which is considered as preferred conditions. With an external overhang (width = 3.4m, 
length =1m, distance from the window head = 0m) however (figure 5), only the configuration with 
window to floor area of 45% has a Spatial Daylight Autonomy of more than 75%.  

When evaluating the resulting Annual Sunlight Exposure for the South orientation, without the 
external overhang, only the window to floor area of 10% results in Annual Sunlight Exposure (ASE) 
below the recommended value of 10%. For window to floor areas between 10% and 25% the ASE 
gradually increases until it reaches a relatively consistent value of 24-25% for window to floor areas of 
25-45%. For the configurations with an external overhang, the window to floor areas of 10 and 15% lead 
to ASE values below 10% and thus fulfil this criterion. Window to floor areas of 20% and larger lead to 
ASE values of 13 to 21%. For this configuration, the ASE values are relatively consistent between 19 and 
21% for window to floor areas of 30% and above. This pattern is consistent with the configuration 
without the overhang. When evaluating the Spatial Daylight Autonomy (sDA) and Annual Sunlight 
Exposure (ASE) criteria together it can be concluded that none of the investigated configurations meets 
the requirements of the IES metric for the examined case (meaning internal roller with Tvis=5%). This is 
because for small window to floor ratios, the resulting Spatial Daylight Autonomy is too low, and for 
larger window to floor ratios the Annual Sunlight Exposure is too high. The daylight factor analysis 
however suggests satisfactory conditions for all investigated configurations without external overhang, 
and all configurations with a window to floor area of 15% and more in case of an external overhang. It 
can be concluded that while the two metric daylight factor and IES show relatively consistent results for 
a north orientated room, they deliver contradictory results for a South orientation. 

 

 

Figure 4: Simulation results for the test room, base case vs. base case with roller without overhang for 
South orientation.  
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Figure 5: Simulation results for the test room, shaded case (overhang) vs. shaded case (overhang) and 
roller for South orientation. 

4.3. Energy performance 

The bars in figures 3 to 5 illustrate the energy demand for the investigated configurations with and 
without activated shading. Several observations can be made: 

For the North orientation, the difference in energy demand between the configuration with and 
without activated roller is almost negligible. As this orientation does not get any direct sunlight, shading 
as determined based on the ASE assessment, is only activated for about 1% of the hours of the year.  For 
the South orientation, shading is activated for about 20% of the 8760 hours of the year for both 
configurations with and without external overhang and the majority of window to floor ratios. The 
activated roller, although in some cases slightly decreasing the energy demand for cooling, reduces the 
daylight provision in the space and thus increases the energy demand for lighting and the total energy 
demand. For the South orientation, the presence of an external overhang significantly reduces the 
resulting energy demand for cooling as well as the total energy demand, especially for the larger 
window to floor ratios. 

For the North orientation, the configuration with 20% window to floor area and without activated 
roller has the lowest overall energy demand of about 60kWh/m2, and the configuration with 10% 
window to floor ratio and activated roller results in the highest overall energy demand of about 
73kWh/m2.The smallest window sizes lead to the highest energy demand, the energy demand then 
decreases with increasing window size to the lowest values for 20% window to floor area without  
overhang. For larger window sizes the total energy demand gradually increases with window size. The 
lowest overall energy demand occurs in both cases around the window to floor area that also satisfies 
the 55% criteria for Spatial Daylight Autonomy..  
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For the South orientation without overhang, the configuration with 15% window to floor area and 
without activated roller has the lowest overall energy demand of about 62kWh/m2, and the 
configuration with 45% window to floor ratio and activated roller results in the highest overall energy 
demand of about 115kWh/m2. With an added overhang, the configuration with 20% window to floor 
ratio has the lowest total energy demand of about 56kWh/m2, and the configuration with 45% window 
to floor ratio and activated roller results in the highest overall energy demand of about 86kWh/m2. As 
can be expected for the South orientation, the configuration with an overhang leads to significantly 
lower total energy consumption, especially for larger window to floor areas. Similar to the North side, it 
is not the configuration with the smallest window area that leads to the lowest total energy 
consumption, but the configuration with a minimum window to floor area of 15% without and 20% with 
overhang. After that and similar to the North side, total energy consumption increases with window to 
floor ratio. Similar to the North side, the configuration that is closest to the 55% criteria for Spatial 
Daylight Autonomy is the one resulting in lowest overall energy demand. 

5. Discussion 

This paper compares the two metrics for a typical cellular office room with different window to floor 
ratios, with and without external shading. The aim is to identify how the two metrics perform in 
comparison, with regards to their accuracy in daylight prediction, energy performance and related 
implications for architects.   

For the North orientation, and when comparing both, energy demand and daylight autonomy it can 
be observed that the IES LM 83-12 metric seems to produce similar, however more detailed results. 
Almost all configurations for the North orientation, meet the daylight factor criteria of 2% even with 
window to floor areas as low as 10-15%. In order to meet the requirements of the IES metric for the 
North orientation, a minimum window to floor area of 20-25% is required and this window size also 
coincides with the lowest total energy demand. Apart from the difference in recommended minimum 
window size for both metrics, it can be concluded that both metrics agree that the daylight situation is 
satisfactory under the majority of the investigated conditions. 

For the South orientation in contrast, none of the investigated configurations meet the IES 
requirements. For small window to floor ratios, the Spatial Daylight Autonomy (sDA) is too low, even 
though the Annual Sunlight Exposure (ASE) requirements might be met and for the larger window to 
floor ratios, the Spatial Daylight Autonomy is sufficient, however the Annual Sunlight Exposure is too 
large. At the same time the daylight factor analysis suggests that almost all configurations are provided 
with satisfactory daylight levels. The reason for these contradictory results is based on the fact that the 
IES metric takes direct sunlight into account whereas the daylight factor analysis is purely based on 
overcast sky conditions, as it is the Annual Sunlight Exposure which does not meet the requirements for 
most configurations. From the perspective of architects this study indicates the following conclusions: 

 The daylight analysis based on the IES metric is more accurate in its evaluation as it considers 
not only overcast sky as in the daylight factor analysis, but also direct sunlight which can cause 
glare. However, it is significantly more time consuming than the daylight factor analysis. It 
involves special expertise to operate software like RADIANCE / DaySim and significant 
computing power. In most architectural offices this expertise is not readily available, and as a 
result climate based daylight modelling based on the IES assessment is likely to be 
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subcontracted to external experts. This derives architects of the intuition for daylighting that 
could be developed from a consistent use of the much simpler daylight factor analysis.  

 For the North oriented room, the climate based daylight modelling according to and the daylight 
factor analysis produced relatively similar results. Due to the significant additional effort that an 
IES LM 83-12 analysis requires compared to the daylight factor (DF) analysis, it could be 
concluded that for the North orientation which does not get direct sunlight, the DF analysis is 
sufficiently accurate. 

 For the South orientation, the investigated configurations indicate potential similarities between 
daylight factor and Spatial Daylight Autonomy results. A 55% or higher Spatial Daylight 
Autonomy (IES requirement) seemed to coincide with a DF of 3% or more. Further research and 
validation would be required, however similar to findings from the North orientation, this can 
lead to the interpretation that the Spatial Daylight Autonomy, which requires significantly more 
effort to evaluate is not significantly more accurate than the DF. 

  The Annual Sunlight Exposure helps to evaluate the presence of sunlight in a room and the 
potential for glare, and this information is not available using the simple daylight factor analysis. 
IES LM 83-12 recommends that a maximum of 3% of the analysis area can exceed 1000lux for 
more than 250h per year without the use of any blinds and assuming the operational period 
between 8am and 6pm. This target could not be met with the investigated configurations for the 
South orientation. It should be noted in this context that this study was based on a roller as 
internal shading. Further testing and validation would be required to evaluate whether e.g. 
venetian blinds would perform differently. 

 This investigation for this paper has been limited to the North and South orientation only. An 
additional investigation for the East and West orientation will be helpful to achieve a better 
overview on the impact of different orientations on the two metrics.  
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