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ABSTRACT 
We review current daylight and electric lighting 
simulation algorithms and their embodiment in some 
simulation tools and methodologies available to high-
performance building engineers and designers. We 
propose a common set of terms to describe simulation 
approaches and identify the technology gaps that limit 
the integrated simulation of daylighting designs. We 
argue that integration is essential to elevating 
daylighting to a “keystone strategy” in high-
performance and net-zero building design and describe 
a novel software tool (OpenStudio (Guglielmetti, et al. 
2011)) that is being developed to fill the gaps.  

INTRODUCTION 
As more stringent codes, standards, and building rating 
systems have evolved, daylighting has become an 
increasingly popular energy efficiency strategy in high-
performance building design. Daylighting saves 
significant lighting energy (Guglielmetti, Scheib, et al. 
2011), when considered early in the design as part of 
an integrated process. Simulation can aid this process 
(Hirsch, Pless, et al. 2011), and simulation tools 
rigorously evaluate daylighting, electric lighting, and 
the interaction of the lighting with building mechanical 
systems. The challenge is that the best-in-class tools 
for daylighting simulation are different—and 
disconnected—from the best-in-class tools for whole-
building energy simulation.  
We explore the capabilities of two rigorous simulation 
tools: EnergyPlus for whole-building energy, and 
Radiance, for daylight and electric lighting simulation 
spaces. These are task-specific and validated tools that 
are often used to evaluate high-performance, integrated 
building energy efficiency strategies. Within the 
Radiance space, we review two Radiance-based tools, 
SPOT and OpenStudio, as they offer different lighting 
control simulation options. 
Attempts to use these (or similar) tools in parallel to 
characterize the integrated performance of building 
designs have been successful (An and Mason, 2010), 
but traditional processes are fraught with risks that the 

model parameters may become decoupled 
(Guglielmetti, Pless, et al., 2010). Despite the difficulty 
of such modeling, the higher quality results are worth 
the effort. We will discuss why this is the case and how 
these tools are used to investigate lighting solutions. 
We will then discuss—and propose a terminology for 
classifying—lighting control simulation methods. We 
will then compare simulation fidelity with the various 
tools and discuss how best to leverage these tools to 
produce an integrated solution to a given design and 
simulation problem.  

LIGHTING SIMULATION: 
ALGORITHMS, METHODS, AND TOOLS 
Lighting Simulation Algorithms 
Several algorithms have been developed to derive the 
luminous flux transport solution for a given set of 
parameters. They are categorized as split-flux, 
radiosity, light-forward raytracing, and light-backward 
raytracing. Light-forward raytracers are generally used 
in optical luminaire and lens design and are outside the 
scope of this paper. The other three methods are used 
throughout the lighting and whole building energy  
simulation fields. We briefly discuss them here, with 
references to more detailed information.  
The “Detailed” and “DElight” daylight simulation 
methods in EnergyPlus rely on daylight factor 
interpolation for the direct (sunlight) component of 
daylight. The EnergyPlus method (DOE, 2009) differs 
from the DOE-2 (Winkelmann and Selkowitz, 1985) 
method in that the key sun positions and sky conditions 
that are used to interpolate daylight factors are 
calculated in more detail (e.g., four sky conditions are 
used in EnergyPlus versus only the international 
standard [ISO/CIE, 2003] clear and cloudy conditions 
used in DOE-2). Indirect contributions from daylight 
are handled in the EnergyPlus Detailed method using 
the split-flux algorithm. This method is used to 
calculate the (critical) interreflected illuminance 
component of the final daylighting solution. This 
component is the contribution of all the ambient 
illumination that is the result of direct luminous flux 
from the sun and sky being reflected by building 
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surfaces and local terrain, and distributed to other areas 
in the space. This indirect or reflected component can 
contribute significantly to the total illumination, 
particularly when light-redirecting devices are used 
(e.g., lightshelves), as they often are employed in a 
daylighting design. The daylight transmitted by the 
window is split into two parts: (1) a downward-
traveling flux, which falls on the floor and portions of 
the walls below the imaginary horizontal plane passing 
through the center of the window; and (2) an upward-
traveling flux that strikes the ceiling and portions of the 
walls above the window midplane. A fraction of the 
flux is absorbed by the room surfaces.  
The DElight method is an extension of the Detailed 
method with enhancements to the interreflection and 
complex fenestration calculations. Specifically, a 
radiosity (Sillion and Puech, 1994) method is used for 
interreflections to more accurately account for ambient 
lighting, also known as global illumination. With 
radiosity, the surfaces of the building model are 
subdivided into smaller surfaces or patches. The array 
of patches is called a mesh (and patches in turn are 
often called mesh elements). A view factor—a 
percentage of the flux that is received on one patch that 
is leaving the other—is computed for each pair of 
patches. Patches that are far apart, or oriented at 
oblique angles relative to one another, will have 
smaller view factors. Luminous flux from the sun, sky, 
and electric light sources is “shot” into the scene, and 
the surfaces that receive direct illumination in turn 
shoot their reflected energy back into the space, 
iteratively distributing smaller and smaller amounts of 
energy, until a reasonable amount of the initial flux 
(typically 98-99%) has been distributed throughout the 
space. 
Radiosity offers a finer resolution of the luminous 
distribution than does the split-flux method. One 
limitation to radiosity is that all surfaces are presumed 
to be Lambertian reflectors, equally reflecting light in a 
cosine distribution in all directions. Although most 
architectural materials exhibit reflection characteristics 
that are Lambertian (or very close to it), subtle effects 
of daylight redirection from semispecular surfaces are 
lost, as are the potentially significant effects of 
daylight-redirecting materials (e.g., mirrors and other 
specular coatings). Mesh resolution can also have a 
profound effect on the quality of the results, as too 
coarse a mesh will “smear” concentrated flux over a 
larger area. Unfortunately, the user has little control 
over the meshing in the DELight implementation. 
Radiosity is also used in many commercial lighting 
design tools such as Agi32 and DIALux, which 
provide considerable flexibility in terms of mesh sizing 
and so-called progressive refinement (mesh element 
sizes are automatically decreased when they detect 

sharp illuminance gradients), but these tools do not 
offer an easy means to share the results of the 
daylighting simulation with the whole-building energy 
simulation, so we do not discuss them further here.  
The final algorithm is light-backward raytracing, which 
is employed by Radiance (Ward, 1994). Rays are 
traced from a viewpoint (or a calculation point) into the 
space, searching for light sources. If a nonlight object 
is intersected, more rays are spawned hemispherically 
from that point, back into the space—again, looking 
for light sources. Once a light source is intersected, the 
luminous intensity of the source at that intersection 
angle is evaluated; this value is then reduced, 
accounting for each “bounce” along the way from the 
initial calculation point to the final ray hit at the light 
source – hence, light-backwards ray tracing. Radiance 
also uses hemispherical sampling at discrete points 
throughout the model to sample the diffuse 
interreflection, and interpolates across these points for 
the global illumination. Raytracing has fewer limits on 
geometric complexity and memory use, and can handle 
specular reflections that the radiosity and split-flux 
methods cannot.  
Radiance has been thoroughly validated (Mardaljevic, 
2000) and studied by numerous scholars and scientists. 
It is also used by lighting professionals and researchers 
worldwide. It has a well-deserved reputation for being 
difficult to learn, but its many advantages (robust 
algorithms, portability, open source licensing, 
“scriptability”) have won many converts, and have led 
to several attempts to provide graphical user interface 
(GUI)-based tools (e.g., the Sensor Placement and 
Optimization Tool [SPOT], Ecotect, and OpenStudio) 
to make the tool more accessible.  

Lighting Simulation Methodologies 
While understanding the light transport algorithms of 
these tools is critical for understaning the capabilities 
and limitations of the tools, we argue that the 
fundamental methodologies used to apply them are 
equally important, yet they are rarely mentioned in any 
serious comparison of simulation tools. Therefore we 
propose a new set of terms for this discussion. There 
are two areas of lighting simulation methodologies to 
discuss: how the daylighting is simulated for a given 
timestep (simulation type), and how the electric 
lighting controls are simulated (control system model). 

Simulation Types 
The most obvious method for simulating daylighting 
performance over time is to conduct a simulation for 
each timestep. In this point-in-time simulation, the user 
specifies the fixed building parameters, the sky 
conditions, and the configurations of any operable 
elements (e.g., shades and blinds). The algorithms 
discussed above are applied, and a result is stored. This 

SimBuild
2012

Fifth National Conference of IBPSA-USA
Madison, Wisconsin

August 1-3, 2012

586



process is repeated for each timestep of interest 
(approximately 4,000 times in the case of an annual 
simulation). The advantages to this method are that 
hourly weather data can be used to describe the 
luminous distribution of the sky, and elements of the 
model can be changed to reflect occupant choices such 
as raising or lowering a shade. The downside is that 
performing a full simulation for every daylit hour of 
the year is computationally expensive, and therefore 
impractical. All lighting simulation tools include point-
in-time simulation. 
As a workaround to the computation time issue, a 
typical annual daylighting simulation relies on an 
interpolated design day approach. Point-in-time 
simulations are performed for several hourly timesteps 
for a number of key design days—typically summer 
solstice, one or both equinoxes, and winter solstice—
under idealized skies—typically CIE Type 1 (overcast) 
and CIE Type 12 (clear)—in an attempt to characterize 
the theoretical bounds of the daylight availability. The 
global exterior illumination is computed for each 
timestep to interpolate these data into an annual 
climate-based dataset. This is a very rapid calculation 
because scene geometry is lacking and there is an 
unobstructed view of the entire celestial hemisphere. 
The result and the sky cover are compared to the 
nearest design day results, and a scaling factor is 
applied to the interior illuminance for that timestep. 
This method produces hourly daylighting data in a 
much shorter computational timeframe, and takes into 
account the site-specific weather information, making 
it a form of climate based daylight modeling, albeit 
with a fair bit of interpolation. SPOT uses this 
interpolated design day methodology (with Radiance 
performing the simulations) for its annual simulations. 
Another methodology for simulating daylighting is the 
daylight coefficient (DC) approach. First introduced 
by Tregenza and Waters (1983), this method was first 
practically implemented in a modified version of 
Radiance’s rtrace tool that is part of the DAYSIM tool 
(Reinhart and Jones 2000). In this approach, rather 
than solving the flux transport for a specific sky’s 
luminous distribution, we determine the contributions 
(coefficients) from individual patches of a discretized, 
unitized luminous hemisphere. After the DCs are 
determined, a representative sky for each timestep is 
created and sampled, and the flux density in each patch 
is then multiplied by the DC for each respective patch 
and summed for a result.  
The DCs are determined with a rigorous raytracing 
exercise, in the same manner as a single point-in-time 
simulation. However, the matrix multiplication 
required for each timestep takes mere seconds to 
calculate, enabling the simulationist to perform 
climate-based simulations at an hourly resolution in a 

reasonable timeframe with no interpolation. A 
limitation of the DC method is that the solar 
contribution is approximated, with the radiance 
normally contained within a ½-degree disc spread 
across the three nearest sky patches to the actual sun 
position. Bourgeois et al. (2008) proposed further 
subdividing the celestial hemisphere from the original 
Tregenza proposal of 145 patches, to 580 (Tregenza 
patch divided 2x along x and y) and even 2305 
(TregenzaX/4, TregenzaY/4) in cases where accurate 
solar representation is critical. Ward et al. (2010) found 
that this higher resolution greatly improves accuracy. 
Another limitation of the DC method is that the DCs 
are determined once, for a single bulding and window 
configuration, making it difficult to simulate window 
configuration changes at the timestep level. It could be 
done, but the simulationist would have to generate DC 
arrays for each window configuration (adding time), 
and somehow control the logic to determine which DC 
to use for a given timestep (adding complexity). This 
limitation has been overcome with new tools in the 
Radiance suite that enable the 3-phase DC approach 
(Saxena, et al., 2010). This methodology essentially 
moves the DC sampling origin to the daylight aperture 
plane, where DCs are calculated for incoming flux 
from the sky to the exterior face of the glazing (called 
the daylight matrix), and again from the interior face of 
the glazing to the calculation point (called the view 
matrix). A third dataset is added to the equation in the 
form of an XML file describing a bidirectional 
scattering distribution function (BSDF) for a given 
window and shading element combination. As the 
name implies, a BSDF describes transmission and 
reflection of incident flux from an array of 
hemispherical patches, in two arrays of hemispherical 
patches. We call the BSDF data the transmission 
matrix. By resolving the DCs at the window interface, 
we can change the window configuration by simply 
changing the BSDF used at each timestep. These 
BSDFs can be generated with Lawrence Berkeley 
National Laboratory’s Window 6 program, which 
contains BSDF data for most commercially available 
glazings and some shadecloth and venetian blind 
systems. They can also be generated for arbitrary 
geometry by using a forward raytracer or even with 
Radiance, using the genBSDF program.  
The 3-phase method, and the recent additions to 
Radiance that facilitate it, represent a bold step forward 
in the arena of daylighting simulation. This method is 
the most robust for conducting an annual climate-based 
daylighting simulation, as it can model occupant 
behavior, at an hourly timestep resolution, in a 
reasonable timeframe. We thus refer to the original DC 
method where there is only a daylight matrix, and no 
BSDF used, as the single-phase DC method for clarity. 
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Although the 3-phase method provides tremendous 
flexibility for simulating operable shades, the single-
phase method still has its place, because the calculation 
burden is considerably smaller. With the single-phase 
method, a single daylight matrix is computed for the 
entire model. With the 3-phase method, daylight 
matrices must be computed for each unique window 
orientation and window treatment, BSDFs must be 
acquired and managed, and the view matrices must be 
binned by orientation. OpenStudio is currently the only 
software that manages this complex process 
automatically, but the complexity of the simulation 
matrix still adds time to the simulation. 

Control System Modeling 
The second piece of a proper daylighting simulation is 
the modeling of the electric lighting controls. This 
aspect cannot be overlooked, as it is the primary 
mechanism for saving energy in a given daylighting 
design. In much the same way that lighting simulation 
can improve a lighting and daylighting design, lighting 
control simulation can optimize the placement of 
photosensors and the lighting control system design 
(control algorithm, set points, deadband, etc.). 
Unfortunately, most daylighting simulation tools 
reduce this feedback loop to a simplistic 
representation, evaluating horizontal illuminance at a 
point on the workplane as a proxy for the lighting 
control photosensor signal. We call this illuminance 
proxy control, and it is the method used in EnergyPlus, 
DAYSIM (currently), and OpenStudio (currently). The 
assumption is an “ideally commissioned” photosensor 
on the ceiling responds directly proportional to the 
illuminance at the workplane. In reality, closed loop 
daylighting control systems typically employ a 
photosensor on the ceiling, “looking” down at the 
workplane. Further, commercially available, 
nonresearch-grade photosensors have a bewildering 
variety of spatial sensitivities (Bierman, 2007), none of 
which approximate a cosine response. Thus, none of 
these sensors evaluate illuminance accurately.  
This is precisely the motivation behind SPOT. SPOT 
uses the Radiance rsensor tool to initiate raytracing 
samples from the actual sensor location to compute a 
sensor signal proportional to the given sensor’s spatial 
sensitivity. We call this sensor signal control; it is the 
most robust methodology for evaluating and 
optimizing photosensor-based lighting controls. 
The final piece of the control simulation is the way the 
electric lights are simulated. Most tools simply 
represent the electric lights as a connected load, which 
is adjusted up or down to represent dimmed or 
switched luminaires. We call this load-based electric 
lighting. Lighting control groups are simulated by 
assigning a percentage of the load to different control 
points and varying the set points for each. 

Alternatively, individual luminaires (with photometric 
distributions) can be spatially represented in the model 
and grouped by control zone. This provides the full 
benefit of sensor modeling. We call this luminaire-
based electric lighting. When this method is used in 
conjunction with sensor signal control modeling, the 
acutal interraction of the electric lighting with the 
daylighting, and how the two affect the sensor signal 
may be evaluated. Such interactions are often a 
confounding factor in commissioning a real 
daylighting control system, and the ability to analyse 
them is a real boon to lighting designers, contractors, 
and commissioning agents. SPOT is the only tool that 
presently operates in this manner, providing the most 
accurate estimates of energy savings.  

Radiance-EnergyPlus Integration 
Once the simulationist has used Radiance to compute 
daylight availability and lighting control response, he 
or she must use this information to inform the 
EnergyPlus model. This is generally accomplished by 
writing a lighting schedule for the EnergyPlus model—
in essence, switching off the native EnergyPlus 
daylighting calculation and simply using the lighting 
schedule dictated by Radiance-based simulation. To 
this end, the studied tools approach this lighting 
schedule sharing differently: 

• SPOT: via DOE-2 include file (must be 
reformatted for inclusion with EnergyPlus 
model) 

• DAYSIM: via EnergyPlus idf snippet 
• OpenStudio: via OpenStudio model file with 

the lighting schedule embedded, which can 
then be run using OpenStudio directly.  

Radiance-based Simulation Tools  
The core Radiance toolset has a rather large number 
(>100) of individual executable programs that are 
typically called in succession; the output from one is 
often input for the next. Interaction with the Radiance 
core occurs using a command shell, an environment 
many simulationists are uncomfortable with. As such, 
several attempts have been made to offer a graphical 
user interface (GUI) to Radiance. We briefly 
summarize three GUIs here, some of which are the test 
subjects for our study, along with EnergyPlus. We also 
review the algorithms and methodologies used by each. 
DAYSIM is a robust daylighting simulation tool that 
leverages the DC method for its annual simulations, 
using a custom variant of Radiance. DAYSIM also 
computes glare and models occupant behavior 
(operating shades or light switches) and can output a 
lighting schedule for EnergyPlus. Controls are by 
illuminance proxy, and the lighting is load based.  
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SPOT is a free tool developed by Architectural Energy 
Corporation (2008). SPOT uses Radiance and the 
interpolated design day methodology in its annual 
simulations. Controls are by sensor signal, and the 
lighting is luminaire based. SPOT produces a DOE-2 
include file for communicating the lighting schedule to 
energy simulation software; this can easily be 
reformatted to work in an EnergyPlus model.  
OpenStudio is an open source, cross-platform 
application that uses both EnergyPlus to support 
whole-building energy modeling and Radiance to 
support daylighting analysis. A single model contains 
all parameters required for Radiance and EnergyPlus. 
The user can select the point-in-time, single-phase, or 
3-phase DC method. When the 3-phase method is used, 
window treatments (e.g., blinds) can be individually 
and automatically controlled by orientation. Controls 
are by illuminance proxy (a sensor signal-based control 
option is being developed), and the lighting is load 
based (a luminaire-based option is also being 
developed). The Radiance-based lighting schedule is 
automatically injected into a new OpenStudio model, 
which is seamlessly used by EnergyPlus and managed 
with the OpenStudio RunManager; results can be 
viewed in the ResultsViewer GUI.  
Table 1 lists these tools and their capabilities. 
 
Table 1: Summary of Simulation Tool Components 
 

PROGRAM 
SIMULATION 
ALGORITHM 

(TYPES) 

CONTROL 
SYSTEM MODEL 

(ELECTRIC 
LIGHTING) 

EnergyPlus -
Detailed 

Split-flux 
(interpolated 
design day) 

Illuminance proxy 
(load based) 

EnergyPlus - 
DELight 

Radiosity 
(interpolated 
design day) 

Illuminance proxy 
(load based) 

SPOT 
Raytracing 

(interpolated 
design day) 

Sensor signal 
(luminaire based) 

DAYSIM Raytracing (DC) Illuminance proxy, 
(load based) 

OpenStudio 
Raytracing, (point-
in-time, single- or 

3-phase DC) 

Illuminance proxy 
or Sensor signal 

(load based) 

STUDY 
Our brief study compared the output from three tools 
discussed in this paper. Several tools were excluded in 
the interest of space; DAYSIM because the 
Radiance/DC methodology and control system model 
it currently uses are also represented in OpenStudio, 
AGi32 as it does not currently offer a climate-based 

annual simulation modality, and Autodesk 3DStudio 
MaxDesign because its algorithms and capabilities are 
similar to those of SPOT and OpenStudio. The study 
has exposed significant differences in the way 
EnergyPlus and Radiance simulate daylighting, and 
subtler differences in the Radiance-based tools’ 
approaches. We investigated annual daylighting 
performance in a representative primary school 
classroom model in Golden, CO, to evaluate the 
accuracy of the a) annual daylight availability; b) 
lighting control response; and c) impact on the whole-
building energy simulation in EnergyPlus. The 
simulation tools we investigated are: 

• EnergyPlus - Detailed 
• SPOT 
• OpenStudio 

Model Description 
The model is of a typical primary school classroom 
(30’×30’), with punched view windows and a daylight 
clerestory on the south façade (Classroom1). A 
variation of this classroom with a daylight redirecting 
lightshelf under the daylight clerestory, and deployable 
vision window venetian blinds (white, 45-degree slat 
angle) were also tested (Classroom2). The classroom 
models and dimensions are illustrated in Figure 1; a 
summary of the model material properties is presented 
in Table 2. 

 
 
Figure 1 Classroom2 Model (Classroom1 is identical 

but without the lightshelf or blinds on the view 
windows); south façade is to the left 

 
Table 2: Model Parameters 

 

PROPERTY VALUE 
Reflectance (floor) 20% 
Reflectance (walls) 50% 

Reflectance (ceiling) 70% 
Transmittance (visible, all glass) 56% 

Blind Slat Reflectance 80% 
Blind Slat Angle 45-degrees 

Site Location;  
Weather Station 

Golden, CO, USA; 
Centennial Airport 

DC Sky subdivisions 580 (Tregenza(145) /2 /2) 
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RESULTS 
In order to examine the spatial resolution of the 
daylight availability calculation, we looked at the task 
illuminance (from daylight) distribution for two 
discrete points in time; for an annual, temporal view of 
the daylight calculation, we plotted average workplane 
daylight illuminance for the entire year.. Finally, we 
looked at how the lighting control response resolution 
affects the quality of the whole-building energy 
simulation. We discuss the results below, and the data 
is plotted and provided in an Appendix. 

Spatial Resolution 
Appendix Figure 2 illustrates correlation between 
EnergyPlus’ and OpenStudio’s direct solar 
calculations, albeit with finer resolution in the solar 
“patch” in the OpenStudio case. However, the SPOT 
result for this timestep is significantly different; we 
believe this is an interpolation error because SPOT 
does not perform a light-backward raytrace for every 
timestep; 15:00 was an interpolated timestep in the 
SPOT simulation. Compare these images to Figure 3, 
which is for 12:00, a noninterpolated timestep in the 
SPOT methodology. It shows the expected solar patch 
in the SPOT series, where the sun is directly 
perpendicular to the façade, the patch contours mirror 
the fenestration perfectly, and the patches in the 
OpenStudio case show some smear because of the 
interpolation in the subdivided sky/sun, using the DC 
methodology. Appendix Figure 3 shows the clear 
advantage direct sampling of a continuous sky model 
(as in the SPOT methodology) has over the DC method 
(OpenStudio), albeit with a commensurate penalty in 
terms of simulation time. The former samples a solar 
source that subtends ½ of a degree in the celestial 
hemisphere, whereas the direct solar source in our 
OpenStudio model had a 6.75 degree apex angle. Ward 
et al. (2010) showed that the resolution of the Tregenza 
sky divisions and the Klems bases on the window 
BSDFs should be increased sixteenfold to get 
acceptable results from the 3-phase method, 
particularly with peaky distributions; we concur. Even 
with this increase in sampling rate, however, the 
cumulative total time for performing a climate-based 
annual simulation at hourly resolution using the DC 
approach is significantly less than that required for an 
annual climate-based daylighting simulation using the 
Radiance classic point-in-time simulation modality.  

Annual Results 
The temporal plots in Appendix Figures 4 and 5 also 
tell an interesting story. The spikes seen at the 
beginnings and ends of random days through the 
shoulder seasons in the OpenStudio dataset are 
troubling; we believe these are caused by the gendaylit 
sky generator producing erroneous sky data, 

particularly at low sun angles (Jacobs, 2010). This is 
clearly an area for better error handling. We believe the 
difference between the distribution in the OpenStudio 
case and the SPOT case is caused partly by the 
different sky models (e.g., Perez versus CIE), but also 
by the subtle shading effect of wall thickness, which is 
not captured by the OpenStudio model’s infinitely thin 
wall constructions. (The SPOT model did include the 
wall thickness in the geometric model, which seems to 
be reflected in the quicker decline in interior daylight 
illuminance as the sun angles increase through the 
summer months.) The OpenStudio development team 
plans to add geometry support for wall thickness in a 
future release.  
Comparing the Classroom1 and Classroom2 data in 
Appendix Figures 4 and 5, we see that the shade 
operation is effectively modeled, clearly showing the 
effects of dynamic shading elements (blinds, in this 
case) and the lightshelf preventing the direct solar 
radiation from becoming too intense. However, the 
EnergyPlus plots exhibit unexplained artifacts through 
the shoulder and summer seasons.  The authors 
continue to investigate the root cause of this suspect 
behavior.  

Lighting Control Simulation and Energy Savings 
We have seen that the estimate of daylight availability 
can vary from one simulation method to another. To 
that variance we add differences in the methodologies 
for computing the electric lighting performance and 
control response, as discussed in the Control System 
Modeling section. 
 

Table 3: Annual Energy Use Results 
 

 ELECTRIC LIGHTING USE (kWh) 
SIMULATION 

METHOD CLASSROOM1 CLASSROOM2 

Baseline 2,300 2,228 
EnergyPlus 1,158 1,158 

SPOT 1,390 1,618 
OpenStudio 650 1,025 

 
We were pleased to find that all the tools were able to 
simulate the lighting energy reduction effects of 
daylighting controls, and the increase in use on 
Classroom2 was accurately plotted in the SPOT and 
OpenStudio models. Although shades were modeled in 
the EnergyPlus model (and deployment on direct solar 
incidence was confirmed via output variable request), 
there seemed to be no change in lighting use between 
the shaded Classroom2, and the unshaded Classroom1. 
Clearly, basing the dimming response on workplane 
illuminance proxy with average illuminance as the 
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input leads to gross overprediction of lighting dimming 
opportunity, particularly in unshaded rooms. 

CONCLUSIONS AND FUTURE WORK 
We attempted to constrain the modeling scope to one 
that was within the capabilities of the tools compared; 
however, the differences in algorithms and 
methodologies precluded empirical conclusions about 
which tool is “better” or which tool is “right.” We have 
defined some suggested terminology for the myriad 
ways all the elements of light transport and mechanical 
systems are handled in current lighting and building 
simulation software, toward a goal of bringing an 
understanding to the simulation community that there 
is “more than one way to do it” (Wall, 1999), with all 
the messiness that implies.  
The scope of this paper was sufficient to discover some 
differences in truth, but it completely missed others. 
For example, the simplification of the model to a basic 
convex space (in order for EnergyPlus to “fairly 
compete” with Radiance form simulation capability) 
meant we were unable to illustrate the potentially vast 
error when EnergyPlus is expected to resolve daylight 
transport in even moderately complex spaces. The 
sophistication of the SPOT sensor response simulation 
compared to those of EnergyPlus and current versions 
of OpenStudio and DAYSIM (which the authors call 
illuminance proxy control) present another 
confounding issue in deriving the ground truth. The 
differences in capability in these tools—in terms of 
geometry representation, light transport algorithms, 
sensor response methodology, and integration of 
results—make direct comparison of said results nearly 
impossible. The authors don’t recommend directly 
comparing these tools to one another when using 
disparate control simulation methodologies. The bigger 
challenge today is to better integrate the the existing 
tools, with a holistic building model and simulation 
manager that effectively manage the co-simulation 
process. This vision is slowly being realized in 
OpenStudio. 
If integrated daylighting and whole-building simulation 
are to be taken seriously, used earlier in design, and 
used as a design and commissioning tool (as the 
authors firmly believe they must), the community must 
continue to refine and validate truly integrated high-
performance building design tools.  
We have shown that even high-fidelity simulation tools 
can lead to erroneous results through interpolation 
error. Although interpolation may always be a part of 
simulation, we believe the DC method can be applied 
to give high-quality results, at hourly resolution, in a 
reasonable timeframe, by interpolating the direct solar 
contribution across a Reinhart M:4 sky discretization. 
The combination of accurate BSDFs, a sensor signal 

control, and luminaire-based electric lighting 
simulation correctly characterizes  annual daylighting 
system performance.  
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APPENDIX / SUPPORTING DATA 
 

 

 

 
Figure 2 Classroom1 Illuminance Distribution for 

3/21/15:00 Computed by EnergyPlus (top), 
OpenStudio (middle), and SPOT (bottom) 

 
 
 
 
 
 

 
 

 

 

 
Figure 3 Classroom1 Illuminance Distribution for 

12/22/14:00 Computed by EnergyPlus (top), 
OpenStudio (middle), and SPOT (bottom) 
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Figure 4 Classroom1 Annual Average Daylight 
Illuminance Computed by EnergyPlus (top), 

OpenStudio (middle), and SPOT (bottom) 
 
 
 
 
 
 

 

 

 
 

Figure 5 Classroom2 Annual Average Daylight 
Illuminance Computed by EnergyPlus (top), 

OpenStudio (middle), and SPOT (bottom) 
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