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ABSTRACT 

This study presents a critical review and extension of a 
classic 1984 paper titled “LBL Daylighting 
Nomographs” written by Selkowitz and Gabel using 
RADIANCE/DAYSIM simulations combined with the 
LIGHTSWITCH occupant behavior model. The 
nomographs were originally derived from DOE2.1B 
simulations to allow designers to estimate the energy 
savings from photocell controlled dimming systems. As 
an initial step, the DOE2 simulations were successfully 
reproduced using the RADIANCE-based DAYSIM 
program for a series of sidelit spaces in Boston using 
the same simulation assumptions as the original 
nomographs, i.e. no blinds and lights always switched 
on during office hours. In a second step the DAYSIM 
simulation were redone taking occupant use of venetian 
blinds and light switches into account. For an example 
office building the new, more realistic nomographs 
predict about 30% to 50% lower electric lighting energy 
savings due to photocell controlled dimming than the 
old nomographs. The new nomographs can be used in 
combination with a recently developed rule-of-thumb 
based design sequence for daylighting. 
 

INTRODUCTION 
There are many ways to make a new building design or 
retrofitting project more energy efficient including 
adding insulation, improving the HVAC system and 
managing internal loads. Project budgets do typically 
not allow the implementation of all of these 
technologies so that design teams have to decide at one 
point which set of efficiency measures to pursue any 
further. Generally, it is financially advantageous to 
make this decision early on in the design process which 
in turn means that the decision has to be based on rather 
preliminary design sketches. Since time for analysis is 
also extremely tight at that stage, it is usually not 
possible to carry out a detailed, integrated thermal 
lighting simulation of each design variant. The design 
team hence has to look for alternative design methods 
such as simple shoebox-type analysis programs that 
required a minimum amount of simulation input 

(Reinhart, Bourgeois, Dubrous, Laouadi, Lopez and 
Stelescu 2007; Urban and Glicksman 2007; R J 
Hitchcock 2008) or rules of thumb. Daylighting rules of 
thumb are simple, numerical expressions that relate a 
design quantity of interest, e.g., how far daylight will 
penetrate into a building, to one or several design 
parameters, e.g. the window-head-height. They are used 
extensively in contemporary practice (Galasiu and 
Reinhart 2007). An advantage of reliable rules of thumb 
is that they help a designer to develop a quick 
understanding of what design variables are most 
influential for the success of a technology. Over time 
such an understanding may grow into an intuition that 
lingers in a designer’s mind ready to be applied once 
fortuitous design conditions present themselves in a 
project.  

When it comes to photocell controlled dimming 
controls, having reliable information of the expected 
savings from these controls is particularly important for 
several reasons: Lighting controls are necessarily 
installed as one of the last pieces of a project, making 
them an easy victim of value engineering.  
 The success of lighting controls depends on 
several building components such as windows and 
skylight layout as well as the choice of shading devices 
used and how they are being controlled. A field study 
of 123 sidelit spaces with photocell controlled lighting 
systems found that these additional complications 
frequently lead to not properly commissioned 
installations, occupants complaining and systems thus 
being intentionally disabled over time (Heschong, 
McHugh, Pande, Howlett, Reschke and Sipp 2005). 
That study also reported that measured savings 
recorded over a two week period were on average only 
23% of the energy savings predicted by DOE2 models 
of the spaces. These findings stand in contrast with 
various research studies that have shown that integrated 
photocell controlled lighting and shading systems – if 
properly commissioned – can lead to significant energy 
savings (Love 1995; Lee, DiBartolomeo and Selkowitz 
1998; Galasiu, Atif and MacDonald 2004; Lee and 
Selkowitz 2006). While they are a nice-to-have energy 
efficiency technology in air conditioned spaces, 
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automated dimming controls are often a required, key 
technology in naturally ventilated spaces to get internal 
loads sufficiently low so that overheating can be 
avoided for most of the year. Finally, photocell 
controlled dimming constitutes just about the only way 
(apart from conveniently located light switches) to 
ensure that the admittance of daylight into a building 
actually results in reduced lighting loads.  

Since there is such a need to be able to predict how 
photocell controlled diming systems perform, what tool 
should a designer use? Interior daylighting levels can 
nowadays be reliable predicted using annual daylight 
simulations combined with occupant behavior models 
that mimic the operation of electric lighting and shading 
systems (Mardaljevic 1995; Reinhart and Walkenhorst 
2001; Reinhart 2004). In principal, the use of such 
advanced simulations constitutes a valid option to 
demonstrate energy saving within ASHRAE 90.1 and 
ASHRAE 189 (ASHRAE 2007; 
ANSI/AHRAE/USGBC/IES 2010). But, daylight 
simulations are still somewhat of an expert consulting 
domain so that there remains a need for reliable rules of 
thumb to estimate electric lighting energy savings in 
daylit spaces. Developing such a set of rules of thumb 
is the intention of this paper.  

LBL Nomographs 

The starting point of this work is a 1984 paper titled 
“LBL Daylighting Nomographs” written by Selkowitz 
and Gabel (Selkowitz and Gabel 1984). The 
nomographs were developed to assist designers to 
estimate the energy saving potential of photocell 
controlled dimming systems. It is important to note that 
even though they were derived from DOE2.1B 
simulations (Winkelmann and Selkowitz 1985), the 
thermal benefits and costs of windows or skylights and 
the heating/cooling impact of daylighting are not 
considered by the nomographs (Selkowitz and Gabel 
1984). Nowadays, they are mainly disseminated 
through an Appendix in the ‘Tips for Daylighting with 
Windows’ design guide (O'Connor, Lee, Rubinstein 
and Selkowitz 1997). The nomographs consist of a 
series of individual nomograph diagrams of which the 
two (for this study) most relevant ones are shown in 
Figure 1. Figure (1) shows the annual control 
effectiveness (read predicted energy savings of a 
photocell controlled dimming system) of a sidelit space 
with varying effective apertures and for different target 
illuminance levels. The effective aperture is the product 
of the window to wall ratio (WWR) and the mean 
visual transmittance of the glazing units (vis). The 
annual control effectiveness corresponds to savings of 

  
Figure1: (a) The Annual Control Effectiveness Chart from the original LBL nomographs paper; (b) calculation of 

energy savings from LBL nomograph; (c) Energy savings = Annual control effectiveness for perimeter areas 
(Selkowitz and Gabel 1984) 



an ideally commissioned photocell controlled dimming 
system compared to a lighting system that is always on 
during office hours (weekdays from 8am to 6pm). As 
mentioned above, the curves in Figure 1(a) were 
generated from DOE-2.1B runs in sidelit spaces in 
Boston (42°19’ N & 71°05’W). The data was calculated 
for each orientation but the final paper just shows the 
average for all orientations. The authors of the original 
paper state that “the assumption of ‘average 
assumption’ of glazing may appear to be simplistic. 
However, study of the data indicates the assumption is 
quite reasonable” (Selkowitz and Gabel 1984).  
Since buildings are typically not a full daylit, the LBL 
nomograph in Figure 1(b) was devised to help a 
designer to estimate the percentage of overall electric 
lighting energy savings from a photocell control 
dimming systems assuming that only the daylit area of 
a building  is dimmed whereas the electric lighting in 
the core is always on. The daylit area was assumed to 
be a 15ft wide perimeter zone along the building façade 
(Selkowitz and Gabel 1984). 
The nomograph in Figure 1(b) is read from the top right 
counterclockwise to the bottom right. The percentage of 
daylit hours depends on the building latitude as well as 
the assumed occupied hours in the year and can be 
derived from another LBL nomograph that is not shown 
here. The percentage of daylit area depends on the floor 
plan of the building and – as mentioned above – 
assumes that the daylit area borders all exterior walls 
and extends 15 feet into the building. The control 
effectiveness corresponds to the value derived from 
Figure 1(a). Finally, ‘energy savings due to daylight’ 
estimates the overall electric lighting savings for the 
building due to the diming controls.  
As an example, consider the example office building 
shown in Figure 2 with an effective aperture 
(vis*WWR) of 0.3 (second floor). The target 
illuminance is 50 foot candles, leading to annual control 
effectiveness of 60% (Figure 1(a)). The building is 
occupied on weekdays from 8am to 6pm (daylight hour 
percentage = 95%) and the daylit area that corresponds 
to 60% of the overall floor area. Following the solid 
(red) line in Figure 1(b) suggests that the electric 
lighting energy savings in the building due to daylight 
are 35%.  
According to Selkowitz and Gabel the nomographs can 
be used to ‘determine potential daylighting benefits and 
costs, and thus the importance that should be assigned 
to further investigations of daylighting strategies. A 
lower potential for energy savings would indicate that 
daylighting probably will not be a significant energy 
conservation strategy; a large potential savings 
indicates that additional effort should be expended to 
better define the impact of daylighting on all building 
systems’ (Selkowitz and Gabel 1984). The nomographs 

thus provide general design directions not detailed 
design solutions. 

 
Figure 2: Image of the office building investigated in 

this study.   

Rules of Thumb based Design Sequence 

Reinhart and LoVerso recently developed a rules of 
thumb based design sequence for diffuse daylight 
(Reinhart and LoVerso 2010). Similarly to the LBL 
nomographs, the first step of the design sequence is a 
daylight feasibility study (Eq. 1) that helps design 
teams to decide early on which parts of a building a 
building have the potential to be daylit because they 
require a ‘reasonable’ minimum WWR below say 60%:  
 

∙    
                                               Equ. 1 

 
where DF = desired mean daylight factor of the space,  
= sky angle due to neighboring buildings. The 
nomograph from Figure 1(a) can be effectively 
combined with Eq. 1 since it also uses WWR and vis 
and input parameters. The LBL nomographs – once 
proven to be reliable – hence constitute an immediate 
extension of the daylighting design sequence.  

LIMITATIONS OF THE LBL 
NOMOGRAPHS 
As explained above, the LBL nomographs can provide 
tentative energy saving estimates of photocell 
controlled dimming systems within a matter of minutes. 
They can also be effectively integrated into existing 
design methods such as the daylighting design 
sequence. However, before further recommending their 
further use in practice, it should be noted that the 
nomographs are based on a number of assumptions 
which cannot necessarily be considered valid any more 
today. 

Dynamic shading models 

The LBL nomographs do not account for the use of 
dynamic shading devices such as venetian blinds since 
occupant behavior models comparable to 
LIGHTSWITCH (Reinhart 2004) were not available 
when they were derived. However, blinds are an 



inevitable part of many window systems should hence 
be accounted for in daylight simulation studies. A 
number of field studies have shown that occupants are 
likely to change the position of the blinds when direct 
sunlight reaches their work area, but seldom change 
them for useful daylight admittance even after the 
unwanted conditions fade away (Rubin, Collins and 
Tibott 1978; Rea 1984; Reinhart and Voss 2003). This 
means that blinds tend to remain closed for long periods 
of time, which prevents the photo-controlled lighting 
systems from achieving maximum energy savings 
because the blinds reduce the amount of daylight 
available at the control photo-sensor. In other words, 
ignoring the presence of movable shading device leads 
to a consistent over prediction of energy savings form 
photocell controlled dimming systems   

User operated lighting controls 

The LBL nomographs assume that the lights within a 
space are always on during occupancy hours and that 
the user has no control over the lighting system. 
Modern office buildings tend to allow occupants to 
control at least part of the electric lighting within a 
space either manually or through occupancy sensors. 
Real energy savings form photocell controls are hence 
again smaller than the predictions of the LBL 
nomographs since electric lighting systems are typically 
not always on during occupied hours.  

Neighboring Obstructions 

Most buildings, especially those with a sustainable 
design dimension, are at least partly obstructed by 
neighboring buildings and landscape. Ignoring the 
effect of neighboring buildings hence leads (once 
again) to reduced energy savings than one would get 
form the idealized LBL nomographs which assume 
unobstructed facades.  

METHODOLOGY 
This study aims to test how reliable the LBL 
nomograph from Figure1 (a) are in the light of the 
above mentioned limitations. The test was carried out in 
two steps. The first step was to reproduce the figure 
using RADIANCE-based, annual DAYSIM simulations 
making the exact same assumptions for occupant use of 
personal controls as in the original paper. The purpose 
of this first step was to make sure that there was 
consistency between the DAYSIM and the DOE2.1B 
simulations. During the second step, the 
LIGHTSWITCH model was invoked within DAYSIM 
in order to predict the effect of occupant behavior on 
electric lighting energy savings.   

Simulation Description – Step 1 

The office building geometry used for this study is the 
same as suggested within the original paper (Figure 2). 

Since there are no energy savings for daylight in the 
core zone, the simulation model was reduced to four 
rectangular spaces 8’-6” high (2.59m), 10’ (3.05m) 
wide and 15’ (4.58m) deep which were facing in the 
four cardinal directions (Figure 3). 

 
Figure 3: Modeling only the perimeter areas simplified 

the simulation process significantly. Within the four 
perimeter areas, office spaces of 10’ by 15’ were 

modeled for the four cardinal orientations. 
 
The four perimeter offices were modeled in Autodesk 
Ecotect and then exported to DAYSIM for further 
analysis. Same as in the original study the lighting 
control point was located at a depth of 10’ (3.05 m) 
from the window wall at a work plane height of 2’-6” 
facing upwards. The photocell controlled dimming 
systems was assumed to be ideally commissioned, i.e. 
to always be able to dim exactly to the level required to 
meet the different target illuminance levels of 30, 50 
and 70 foot candles (323, 538 and 743 lux) at the 
control point. Reflectance values of the internal 
surfaces were modeled as: Ceiling 70%, Walls 50%, 
and Floor 30%. The wall thickness, which was not 
mentioned in the original paper was modeled to 6” 
(0.17m). Four different façade opening/glazing 
configurations were used that resulted in effective 
apertures of 0.06, 0.2, 0.3 and 0.5 (see Figure 4). Each 
of these four glazing alternates was modeled for the 
four cardinal orientations. An average of the DAYSIM 
results for energy savings for each orientation was 
calculated and compared to the nomograph values. The 
Radiance simulation parameters used for all simulations 
are shown in Table 1.  
 

Table 1: RADIANCE Simulation Parameter used. 
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Simulation Description – Step 2 

For this step the exact same models were used as for 
Step 1 only that manually operated venetian blinds and 
lighting controls were also added to the simulation 
models. The venetian blinds were modeled in DAYSIM 
using the simple blind model which assumes that 
Venetian blinds, once lowered, block all direct sunlight 
and transmit 25% of the incident diffuse daylight. This 
simplified blind model somewhat approximates the 
effect of generic venetian blinds fully lowered with a 
slat angle of 45o facing outward downwards (Laouadi, 
Reinhart and Bourgeois 2008). According to the 
Lightswitch-2002 algorithm a mixture of active and 
passive users was assumed. An active user lowers the 
blinds for the day once direct sunlight is incident onto 
the workplace. The passive user keeps the blinds 
always lowered. For the electric lighting several 
different control systems were considered: 

 Scenario 1: This is a typical private office with one 
or several occupants who have access to a simple 
on/off light switch near the door without any 
dimming controls. This is the reference system for 
private offices. 

 Scenario 2: This is a typical private office with one 
or several occupants who have access to a simple 
on/off light switch near the door. The electric 
lighting is equipped with a photocell controlled 
dimming system. This scenario determines the 
energy saving potential of dimming controls 
compared to Scenario 1.  

 Scenario 3: In this scenario it is assumed that the 
occupants have no control over the electric lighting 
which is always on during office hours and 
equipped with a photocell controlled dimming 
system.  
 

RESULTS 

Step 1 – ‘Validation’ of LBL Nomographs 

Figure 5 shows the comparison of the original LBL 
nomographs from Figure 1(a) with simulation carried 
out in RADIANCE/DAYSIM for the different façade 
designs described above. The solid lines indicate the 

original control effectiveness curves for different 
threshold illumination levels. The dashed lines show the 
averaged control effectiveness for the four facade 
orientations based on DAYSIM.  

 

Figure 5: Comparison of LBL nomographs with 
DAYSIM simulations assuming no blinds and that the 

electric lighting is always on during office hours.  

The close proximity of the original curves and the 
curves generated from DAYSIM reinforces the basic 
premise that the same parameters and assumptions were 
used for the DAYSIM analysis as in the original paper. 
It is actually surprising that the results of this 
comparison study are that close given that previous 
comparative studies between DAYSIM and DOE2.1 
found the latter tends to under predict daylighting levels 
further away from the façade (Koti and Addison 2007). 
Since the control point was only 10‘ (1.2 times the 
window head height) away from the façade, the sensor 
was probably still ‘seeing’ sufficient light directly from 

 

 
Figure 4: Different facade configurations to achieve TVIS * WWR values of 0.06, 0.2, 0.3.and 0.5, respectively. 



the sky that the split flux method in DOE2.1 yielded 
comparable results to Radiance/Daysim.  

Step 2 – Revised Nomographs 

Figure 6 shows the results for the three above described 
scenarios for the three target illuminance levels. The 
reader is reminded that higher control effectiveness 
corresponds to higher predicted electric lighting energy 
savings. All graphs tend to rise with effective aperture 
as more interior daylight tends to increase the time of 
the year when the electric lighting can be dimmed. The 
incremental benefit of admitting more daylight tends to 
fall for effective apertures larger than 0.3 

Scenario 1 

This scenario corresponds to a manually controlled 
undimmed lighting system. The results suggest energy 
savings of 20% to 30% for effective apertures above 0.2 
compared to the always activated lighting system 
without blinds.  

Scenario 2 

The addition of a photo-sensor controlled dimming 
system leads to significant energy savings compared to 
scenario 1 even though they are below the savings 
predicted by the original nomographs (solid line) due to 
the presence of blinds. Hence, this scenario clearly 
highlights the impact of blinds on energy savings due to 
daylight. Also, the two curves flow along different 
trajectories now. The reduction in the savings is 
different for different WWRs. The savings drop by the 
highest magnitude at relatively moderate effective 

apertures of 0.2 to 0.3, and by smaller magnitudes at 
very small and very large window to wall ratios. 
 
Scenario 3 
With the elimination of occupant operated on/ off 
controls, the energy savings further lower down as 
compared to scenario 2. The analysis of the results from 
scenario 1 and 3 together shows an intersection of the 
two curves for 50 and 70 foot-candles thresholds for 
effective apertures of 0.2 and 0.25, respectively. This 
suggests that the savings from individual control 
systems are marginally higher than the savings incurred 
by photo-sensor controlled dimming systems for 
smaller window sizes. 
 
In order to use the revised nomographs in practice, one 
should actually change the format from Figure 6 to that 
in Figure 7. Figure 7 shows the difference between 
scenarios 1 and 2 (Figure 7(a)) and scenario 3 (Figure 
7(b)), respectively, for the different illuminance target 
levels. The assumption behind the Figure is that for a 
typical private office the default electric lighting system 
is a manual on/off switch so the addition of photocell 
controlled dimming should be controlled to this system 
whereas the default for an open plan office is arguably a 
system that is always operated during office hours. 
Figure 7 can be used in lieu of Figure 1(a) for private 
and open plan offices with manually controlled shading 
devices.     
 As an example, assuming that the earlier 
discussed office building from Figure 2 consists of 
private or open plan offices, the annual control 

                30 foot-candles                                50 foot-candles                                  70 foot-candles 

    
Figure 6: Comparative results for scenarios 1,2 and 3. 



effectiveness n the offices for an effective apertures of 
0.5 falls to 45% and 30%, respectively. The overall 
electric lighting energy savings in the building due to 
diming controls (Figure 1(b) are 25% and 17% 
compared to 35% according to the original 
nomographs. In other word, the revised nomographs 
lead to energy saving predictions that are 30% to 50% 
lower than the predictions of the original nomographs.   

DISCUSSION 
The graphic nature of the nomographs and its operation 
offers the opportunity to educate designers of the 
general patterns of energy consumption within the 
building with respect to a number of other design 
parameters. E.g., it reinforces the fundamental idea that 
the effective aperture is a more critical parameter in 
influencing electric lighting energy savings than the 
orientation of the window itself, as venetian blinds tend 
to be used to block direct sunlight. 
 
While the original nomographs over-estimate energy 
saving percentages for contemporary office settings, the 
authors feel that the revised nomographs lend 
themselves to be used for ‘quick’ energy saving 
predictions particularly during design charrettes. Same 
as for the original nomographs, the authors recommend 
that more detailed simulations are being carried out 
later in the design process if the energy saving 
predictions form the nomographs are promising.  
 

Another potential use of the nomographs is that they 
can act as a quality control checks for the results from 
computer simulation.  
 
While the authors would generally recommend their 
use, the authors would like to highlight two limitations 
of this study that require further attention: 
Thus far the effect of neighboring buildings has been 
neglected and should hence be quantified in a future 
simulation study. The nomographs for Figure 7 should 
hence only be used for façades with minimal external 
obstructions.  
Figure 6 further suggests that the different curves still 
have rather steep slopes for effective apertures of 0.5. 
The simulations should hence be expanded to façades 
with higher effective apertures. 
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