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ABSTRACT 

Office employees typically spend most of their working time inside the buildings in which 

they work (Leech et al. 2002). Hence, a well-designed workplace with a high-quality indoor 

environment could relieve potential discomfort and help employees’ alertness and productivity. 

Over 70% of office workers occupy some form of open-plan office spaces with movable partitions 

(Marquardt, 2002). Previous studies demonstrated that the shape of the partition as well as the 

height and degree of enclosure correlate with perceptions of visual privacy ( Kim & Dear, 2013; 

Carayon & O’Neill, 1993) and the fulfilment of daylight needs (Sundstrom et al., 1982; O’Neill, 

1994; Veitch et al., 2007). This study tries to raise the awareness and attention of manufacturers 

and designers regarding substantial impacts of workstation partitions in maximizing diffuse 

daylight and minimizing glare and visual discomfort in open office spaces. 

This study was conducted in order to compare 60 alternate workstation partition designs, 

including three different partition heights (42”, 48”or 60”) (Reinhart, 2002). Partitions are made 

with three materials (opaque, translucent or transparent) with two orientations to the windows 

(parallel or perpendicular) based on two workstation layouts (spine or bridge layout). These 

alternates were examined in four daylight zones (north, south, east, and west) via annual climate-

based daylighting simulation, spatial Daylight Autonomy (sDA) and Annual Sunlight Exposure 

(ASE), in a large open plan office (27,770 ft²) on the 11th floor of a high-rise building located in 

downtown Raleigh, NC. Exploring these alternatives in detail helped propose a successful 

workstation partition layout with the daylighting design intent that realizes the highest quality 

interior environment and delivers maximum lighting power savings from daylight.  
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I. 1.1. INTRODUCTION 

There are design strategies and environmental factors that could impact occupants’ comfort 

positively. Accordingly, it is well accepted that indoor environmental quality in buildings has a 

substantial role on human comfort, productivity, health, and well-being (Teague, 2010; Lee & 

Guerin, 2009; Menzies & Wherrett, 2005; Marquardt, 2002). People in industrialized societies 

spend around 90% of their time indoors (Leech et al., 2002; Schweizer et al., 2007; Jenkins et al., 

1992). We typically spend half of our life at work, and a well-designed workplace with a high-

quality indoor environment could relieve potential discomfort and help employees’ alertness and 

productivity (Veitch, 2011). According to the American Society of Interior Designers (ASID, 

1999) one of the top three factors which affect performance and job satisfaction is the design of 

the physical workplace. According to McGuire & McLaren, (2009) progresses in the physical 

design of the workplace may increase employee productivity by 5-10%. Conversely, 
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chaotic workplaces and physical environments could result in negative effects on employees’ 

efficiency (Carnevale, 1992; Modaresnezhad, 2016). 

 

Lee & Guerin (2009) investigated the quality of indoor environments in three categories: 

office layout, furnishing, and lighting quality. According to the broad range of studies (Lee & 

Guerin, 2009; Kim & Dear, 2013), office layouts impact employees’ productivity and 

organizational performance by providing satisfaction with the level of visual privacy, satisfaction 

with easy interaction with co-workers, and satisfaction with the available space for individual and 

sufficient storage. Office furnishing quality also shows strong positive effects on occupants’ 

satisfaction and performances through personal office furnishing, adjustability of furniture, colors 

and textures of flooring, and surface finishes (Lee & Guerin, 2010). In addition, lighting has a 

significant direct impact on all aspects of human life: “Light is the most important environmental 

input, after food and water, in controlling bodily functions” (Wurtman, 1975, p. 69). Both daylight 

and electrical light have identical effects on visual tasks, performance, and overall worker 

satisfaction, (New Buildings Institute, 2012; Leslie, 2003) although daylight has benefits over 

artificial light sources in preserving circadian rhythmicity and overall well-being (Edwards et al., 

2002; Nezamdoost and Van Den Wymelenberg 2015a, 2015b). “Daylighting can provide a 

continuous spectrum of visible light and the high levels of illumination beneficial for maintaining 

healthy cycles of wake and sleep” (New Buildings Institute, 2012, Para 3; Leslie, 2003; 

Nezamdoost and Van Den Wymelenberg 2015, 2016). In other words, natural changes in intensity 

and color temperature of daylight regulate the circadian cycle, helping us to be more active during 

the day and sleep better during the night (Figueiro et al., 2006; Joseph, 2006). 

Several daylighting studies verify the importance of occupant satisfaction in spaces due to 

view quality and dynamic interior (Veitch et al., 2007; Heschong & Van Den Wymelenberg, 2012; 

Borisuit et al., 2015). Daylit office environments increase employees’ comfort, productivity, 

satisfaction, health, and well-being (Mardaljevic et al., 2009; Lee & Guerin, 2009). Daylit spaces 

can fulfill occupants’ visual needs, provide more pleasant and attractive indoor environments, and 

alleviate thermal issues by decreasing the use of energy for lighting, warming, and cooling 

(Reinhart & Wienold, 2011; Alzoubi et al., 2010; Nezamdoost et al. 2014). However, overlit 

spaces can cause glare and visual discomfort, especially with sunlight penetration when the amount 

of daylight is not sufficiently controlled. There are multiple work styles and preferences for 

different types of workspaces. The most well-known type of workspace is an open plan office with 

moveable partitions (above 70%). The California Energy Commission et al. (2012) explained the 

importance of investigating natural light in open plan offices for two main reasons: “Firstly, open 

office spaces provide a larger population of occupants for the study, and secondly, because they 

present a more necessary concern for daylighting visual quality and energy balance” (p. 27).  

The workstation partition substantially impact on daylight performance (New Buildings 

Institute, 2015). According to the New Buildings Institute (2015), the height, orientations, and 

materiality of partitions (reflective surfaces of partitions) affect the amount of transferred daylight 

from windows and the lighting conditions of a space. However, daylit buildings are rarely studied 

in use or examined in terms of the impact of interior design strategies on the level of daylight 

availability. Further studies are required to diagnose the specific daylighting design strategies in 

order to improve the current design patterns guide (Nezamdoost and Van Den Wymelenberg 2015; 

Nezamdoost 2015a). 

This study outlines the daylight performance of workstation partition alternatives in a large 

open plan office on the 11th floor of a high-rise building located in downtown Raleigh, NC. For 
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this purpose, 60 alternate combinations of workstation partitions including partition materials, 

layouts, heights, and orientations in four daylight zones (north, south, east, and west) were 

conducted using Radiance engine V.4.2.0. These combinations were analyzed based on two 

recently recommended annual climate-based daylighting metrics and performance criteria 

proposed by Illuminating Engineering Society (IES) 2012, spatial Daylight Autonomy (sDA) and 

Annual Sunlight Exposure (ASE), to evaluate the feasibility and potential effectiveness of 

workstation partition design.  
I.  
II. 2. METHODOLOGY 

A comparative methodology is employed and 60 different scenarios are selected based on 

the previous literature review on partition features and lighting requirements in open plan offices. 

Daylight simulation is run to compare the potential annual variability of daylight in the study space. 

The simulation results are analyzed based on annual climate-based daylight metrics recommended 

by the Illuminating Engineering Society in the Lighting Measurements #83 (LM83) 

documentation, spatial Daylight Autonomy (sDA), and Annual Sunlight Exposure (ASE) during 

the annual occupied hours (8:00 A.M. – 6:00 P.M. / 10 hours). Finally, the results are codified by 

the latest version of US Green Building Council’s (USGBC) LEED V4 rating system. Spaces 

through annual computer simulations could achieve two or three credits if spaces receive adequate 

diffuse daylight sufficiency and acceptable daylight excessiveness; at least 55% or 75% of floor 

area exceeds 300 lux for 50% of annual occupied hours (sDA) and no more than 10% of analysis 

points in a space exceeds 1000 lux of direct sunlight for 250 hours (ASE) as measured from 8:00 

A.M. -6:00 P.M. (Illuminating Engineering Society of North America & Daylight Metrics 

Committee, 2012; U.S. Green Building Council, 2015; Nezamdoost et al. 2014; Nezamdoost and 

Van Den Wymelenberg 2015a). 

2.1. Case Study  

This paper examines a large-size open plan office on the 11th floor of a high rise building 

located in downtown Raleigh, NC. The case study has an area of approximately 2,579 m² (27,770 

ft²). The windows have a head height of 2.64 m (8.69 ft) and the sill is at 0.2 m (0.69 ft); thus, the 

windows are 2.44 m (8 ft) tall. It was estimated that 125 occupants are on the 11th floor during 

regular working hours (from 8:00 A.M. - 6:00 P.M., Monday through Friday). The building’s 

rotation is 5° clockwise from the North axis. The building orientation receives a large amount of 

morning and afternoon exposure. The latitude of Raleigh, NC is 35° 46' 28. 72"N, and the longitude 

is 78° 38' 21.85"W. Simulations were conducted with a typical meteorological year (TMY3) 

dataset for Raleigh, NC, instead of extreme weather conditions of an actual weather year.  
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Figure 1. Existing Plan of Case Study- 130 Workstations 

 

 
 

Figure 2. Case Study Building- Bird's Eye View 

 

Table 1. Experimental Variables 

 

 

 

Independent Variables 

Space Orientation (North, South, East, West) 

Partition Height (42”, 48”, 60”)  

Partition Material (Opaque, Translucent, Transparent) 

Partition Direction (Parallel or Perpendicular) 

Partition Layout (Spine or Bridge Layout) 

Dependent Variables Daylight Availability 

 

2.2. Data Collection: Daylight Simulation 

Five workstation furniture layouts (desks perpendicular to windows-bridge layout, desks 

parallel to windows-bridge layout, desks parallel to windows-spine layout, and two different 

alternatives of desks perpendicular to windows-spine layout) and 60 alternate combinations of 

partitions based on four variables including partitions’ height, material, layout, and direction to the 

window are illustrated in Table 2. Daylight simulation is conducted for all 60 scenarios of partition 

design and zone-by-zone, each orientation (north, south, east, and west) of 60 scenarios, by a three 

phase RADIANCE daylight engine (V. 4. 2. 0). Finally, simulation results will be compared with 

two baselines: without furniture and with an existing furniture layout.  
 

Table 2. Comparative Study- 60 Partition Design Scenarios 

 

 

 

Materials 

Opaque Partition (20% Reflection) 

Translucent Partition (50% VLT) 

Translucent Partition (20% VLT) 

Transparent Partition (50% VLT) 

Transparent Partition (30% VLT) 

 

 

Heights 

 

42” 

48” 

60” 

Orientations Desks Parallel to Windows 

Desks Perpendicular to Windows 

Layouts Bridge Layout 

Spine Layout 

60 Partition Design Scenarios 
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Figure 3. Bridge Layout. Spine Layout 

 

  
 

Figure 4. Layout #1: Desks Perpendicular to Windows-Bridge Layout. Layout #2: Desks Parallel to Windows-

Bridge Layout  

 

 
 

Figure 5. Layout #3: Desks Parallel to Windows-Spine Layout. Layout #4: Desks Perpendicular to Windows-Spine 

Layout  

 

 
 

Figure 6. Layout #5: Desks Perpendicular to Windows-Spine Layout  

 

2.3. Open Plan Daylighting Zones  

This study is conducted in order to compare 60 alternate workstation partition designs in 

four daylight zones (north, south, east, and west). Building orientation is a substantial factor in 

workstation partition design consideration due to the dynamic position of the sun during the course 

of the day and the year which causes dissimilar luminous conditions in different orientations. The 

design of effective workstation partitions depends on the solar orientation of a particular window. 

In the northern façade, there is no direct sunlight entering into the space, so this orientation receives 
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daylight with minimal solar heat gains.  In the southern façade, there is good access to strong 

illumination (the original source), although it varies through the day and the year. The western 

façade and the eastern façade should have greatly minimized windows due to excessive solar heat 

gain and intense glare issues, especially with lower altitude sun angles throughout the year in the 

late afternoon and evening. Moreover, according to IES LM-83 2012, documentation analysis 

areas shall be considered by façade orientation, and never exceed 10,000 sf. Given that, the entire 

floor plate is broken down into four daylight zones below 10,000 sf, shown on Figure 7, and the 

amount of daylight is analyzed based on the zoning of spaces and window groups in the annual 

simulations. 

 
 

Figure 7. Floor Plan - Location of Open Plan Daylighting Zones 

 

2.4. Simulation Parameters 

In this case study, an illuminance analysis grid of 2’x2’ was used (4884 analysis points) 

for generating illuminance point data. Likewise, interior surface reflection is assigned to digital 

models based on the information from construction specifications and field measurements: 10% 

floor, 50% wall, 60% ceiling, and 50% furniture. The data represented in the analysis model 

considers blinds always open during the day regardless of sun position or sky condition.  
 

 
 

Figure 8. Interior Surface Reflection. 

Image Credit- Author 

 



 

 

  

Annual IES Conference 2017 | Malak Modaresnezhad and Amir Nezamdoost                                                           7 

 

 

Since the goal of the simulations is to predict annual daylighting conditions in the study 

space over the course of a full year, the typical meteorological year (TMY) information was used 

to provide a closer type of professional practice that would actually be used in several metrics. 

Table 3 summarizes all simulation parameters.  
 

Table 3. The Simulation Parameters 

 

Software RADIANCE- Daylight Simulation Engine (V.4.2.0) 

Times of the Day Annual-Occupied Hours (8:00 A.M.-6:00 P.M.) 

Climate Typical Meteorological Year (TMY)-Raleigh NC 

 

% Visible Light Transmission - 

Windows 

60% Visible Light Transmission - North Windows 

50% Visible Light Transmission - South Windows 

30% Visible Light Transmission - West Windows 

60% Visible Light Transmission - East Windows 

 

 

Interior Surfaces (Existing) 

60% Wall Light Reflection Value 

60% Ceiling Light Reflection Value 

10% Floor Light Reflection Value 

20% Partition/Work Surface Light Reflection Value 

10% Visible Light Transmission- Glass of Partition 

 

Interior Surfaces  

(As Designed) 

Same Reflection for Windows, Walls, Ceiling, Floor 

Opaque Partition 20% Reflection  

Translucent Partition 50% Light Transmittance 

Translucent Partition 20% Light Transmittance 

Transparent Partition 50% Visible Light Transmission 

Transparent Partition 30% Visible Light Transmission 

 

2.5. Coding and Analysis 

In order to provide a relevant basis of comparison between the 60 proposed workstation 

partitions, simulation results were analyzed based on two recently recommended annual climate-

based daylighting metrics and performance criteria proposed by IES 2012: spatial Daylight 

Autonomy (sDA) and Annual Sunlight Exposure (ASE). These two metrics allow a daylit space 

to be evaluated for a one-year period using two different performance parameters: sufficiency of 

daylight illuminance (sDA) and the potential risk of excessive sunlight penetration (ASE) 

(Illuminating Engineering Society of North America & Daylight Metrics Committee, 2012). A 

comparative study will be conducted based on the maximum value of daylight sufficiency, 

minimum glare, and visual discomfort (highest sDA value and lowest ASE value). In other words, 

the sDA and ASE values of each partition layout alternative will be sorted from the most daylit 

(highest sDA and lowest ASE percentage) to the least daylit (lowest sDA and highest ASE 

percentage), and then will be prioritized based on LEED V4 EQ daylight credit points.   

IV. 3. RESULTS 

Simulation results based on the existing furniture design show only 50.08% daylight 

sufficiency and 10.91% daylight excessiveness; while these numbers without furniture are 

different, 97.48% and 15.41%, respectively, it shows the robust impact of furniture design in the 

open plan office spaces. In the existing plan with furniture, given the placement and location of 

workstations, less daylight comes into the space and thereby lowers sDA value and increases ASE 

value as it is shown in Figure 9. Daylight Autonomy (DA) is represented as a percentage of the 
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floor area that receives at least 300 lux for at least 50% of the annual occupied hours. The green, 

yellow, and red in sDA plots represent the area which 50% of time receives at least 300 lux; based 

on IES LM-83 documentation it would be considered a daylit area. The blue zones represent the 

area below 50% of the time and it would be considered a non-daylit area based on IES LM-83 

documentation. In ASE plots, those areas achieve 1000 lux for more than 250 occupied hours (8:00 

A.M. – 6:00 P.M.) during a year, which are unacceptable due to glare potential daylight 

excessiveness. It is illustrated in dark yellow while light yellow shows those floor areas that 

achieve 1000 lux for less than 250 occupied hours of the year. 

 

Existing Plan 

(Windows in north & east: 60% VLT, Windows in south: 50% VLT, Windows in west: 30% VLT) 

 sDA ASE 

 

 

With 

Furniture 

  
 50.08 10.91 

 

 

Without 

Furniture 

  
 97.48 15.41 

 

Figure 9. Simulation Plots – Existing Plan 

The following section compares the results of 60 scenarios of partition designs and initial 

explorations with the output of the simulations. To simplify the results, they were divided based 

on three different materials of partitions:  

 Opaque partitions (Reflection 20%) with 42”, 48”, or 60” height in parallel or 

perpendicular orientation to windows based on bridge or spine layouts (12 sDA and ASE 

plots, see Appendix A). 

 Translucent partitions in two different light transmittance values (20% and 50%) with 42”, 

48”, or 60” height in parallel or perpendicular orientation to windows based on bridge or 

spine layouts (24 sDA and ASE plots, see Appendix B and C).  

 Transparent partitions in two different visible light transmittance values (30% and 50%) 

with 42”, 48”, or 60” height in parallel or perpendicular orientation to windows based on 

bridge or spine layouts (24 sDA and ASE plots, see Appendix D and E). 

The daylight availability and excessiveness based on opaque partitions (20% Reflection) 

were calculated through simulation and plotted in Appendix A. Opaque partitions (20% 

Reflection) with 60” height considerably prevent daylight from entering into the space in different 

partition orientations (perpendicular and parallel) and partition layouts (spine and bridge). This 

means that small portions of the floor area exceed 300 lux for 50% of annual occupied hours, 

which even got worse in perpendicular partition orientation with almost 46% annual daylight 
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sufficiency while in parallel partition orientation sDA values are higher, around 53%. The results 

of opaque partitions (20% Reflection) with 42” and 48” height do not show any considerable 

discrepancy in the sDA values by altering the orientations and layout of partitions.  

In opaque partitions (20% Reflection), the highest annual daylight sufficiency values were 

recorded for 42” height in perpendicular partition orientation to windows based on bridge layouts 

(71.04 %). As it was expected, by increasing the partition height, the amount of daylight that enters 

into the space reduces which consequently decreases the number of hours that the floor area 

achieves 1000 lux during occupied hours. Appendix A compares the impacts of opaque partitions 

in different heights, orientations, and layouts in the case study building with opaque partitions 

using sDA and ASE simulation plots.  

As shown in Table 4, in the north and south façades the sDA values are relatively low 

(mostly below 50%) regardless of partition orientation and layout. Conversely, in the east and west 

façades, high values were recorded for sDA, 77.49% and 91.66% in average respectively. As 

expected, partition height in all orientations shows the most robust factor on daylight availability 

in the study space. It can be clearly figured by comparing total sDA values in Table 4. 

Regarding ASE values, no considerable values were reported on the north façade since no 

direct sunlight penetrates into the space. The ASE values recorded on the east side of the building 

are too unresponsive (from 16.25% to 17.08%) to the partition height, orientation, and layout. The 

ASE values on west and south sides show more sensitivity and variation based upon different 

partition heights, orientations, and layouts. On the south façade, opaque partitions oriented parallel 

to the windows based upon bridge layouts blocks sunlight more than other alternatives (1.8% lower 

ASE average than the total south ASE average), while perpendicular partitions respond better in 

reducing direct sunlight. 

Table 4. Simulation Results (sDA-ASE) - Opaque Partitions (20% Reflection) 

 

 
 

 

Also an analysis were conducted to determine impacts of different partition materials with 

different transparency and reflectance values on daylight availability and daylight excessiveness. 

Translucent partitions with 20% and 50% light transmittance values were analyzed through 

simulation and plotted in Appendix B and C. 
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Looking at sDA plots in Appendix B and C, implementing translucent materials, brings 

more daylight into the study space. As it was expected, sDA and ASE values were reported higher 

in translucent partitions with 50% light transmittance in comparison to the 20% light transmittance 

in translucent partitions.  

The plots illustrated in Appendix B and C and the sDA and ASE values shown in Figure 

10 reveal that in the translucent partitions, the highest amount of annual daylight sufficiency (sDA) 

belong to those partitions oriented perpendicular to windows based on spine layout (71.75% in 

average versus 68.2% total average). The lowest ASE values were recorded in those partitions 

oriented perpendicular to windows based on bridge layouts, yet the values are almost in the same 

range. Further zone-by-zone investigation on the daylighting impacts of translucent materials 

(Tables 5 and 6) reveals that sDA values on the north and south façades are relatively low (47.88% 

and 52.17% in average respectively) regardless of partition orientation and layout, while the sDA 

values are considerably high on the east and west façades (84.7% and 90.66% in average, 

respectively). 

In translucent partitions (20% and 50% light transmittance), ASE values are always zero 

on the north façade since this façade never hits 1000 lux in 250 occupied hours. The ASE values 

recorded on the east side of the building are almost unresponsive to the partition height, orientation 

and layout. The ASE values on the west and south façades show more sensitivity and variation 

based upon different partition heights, orientations, and layouts. On the south façade, translucent 

partitions oriented parallel to the windows based upon bridge layouts blocks sunlight more 

efficiently than other alternatives (16.51% ASE in average versus 17.65% total ASE average). 

Table 5. Simulation Results (sDA-ASE) - Translucent Partitions (20% LT)  
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Table 6. Simulation Results (sDA-ASE) - Translucent Partitions (50% LT) 

 

 
 

 
 

Annual simulations were also run based upon transparent partitions in two different visual 

light transmittances (30% and 50%) and sDA and ASE results are plotted in Appendix D and E. 

Looking at sDA plots in Appendix D and E, using transparent materials causes more daylight to 

enter the space as opposed to opaque and translucent partitions. Similar to translucent partitions, 

sDA values are relatively higher in those transparent partitions oriented perpendicular to windows 

based on spine layouts (75.7% in average versus 72.88% total average).  Comparing ASE values 

in transparent partitions with different orientations and layouts, the risk of excessive sunlight 

exposure is slightly lower in those partitions oriented perpendicular to windows based on bridge 

and spine layouts, yet the values are almost in the same range.   

Likewise, the zone-by-zone investigation of daylighting impacts of transparent materials 

with 30% and 50% VLT was conducted and illustrated in Tables 7 and 14 respectively. Tables 8 

and 14 show that sDA values on the north and south façades are relatively low (48.51% and 

52.81% in average, respectively) regardless of partition orientation and layout, while the sDA 

values are considerably high on the east and west façades (84.4% and 97.99% in average, 

respectively). Moreover, the sDA values reported on the east and west are almost identical. In 

other words, the height, orientation, and layout of transparent partitions does not have considerable 

impact on daylight availability on the east and west zones of open plan office spaces. 

Again, ASE values are zero on the north façade since this façade never hits 1000 lux in 250 

occupied hours. As expected, the west and south façades have more sensitivity and variation to 

partition height, orientation, and layout. On the south façade, transparent partitions oriented 

parallel to the windows based upon bridge layouts reduce the risk of excessive sunlight exposure 

(ASE) slightly more than other alternatives (18.47% versus 19.05% in average). 
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Table 7. Simulation Results (sDA-ASE) - Transparent Partitions (30% VLT)  

 

 
 

 
 

Table 8. Simulation Results (sDA-ASE) - Transparent Partitions (50% VLT) 

 

 

 
 

Overall, the results shown above reveal that partition material, height, orientation, and 

layout have robust impacts on the amount of daylight received and occupants’ visual comfort. 

Figures 10 and 11 summarize and compare annual daylighting simulation results (sDA and ASE 

respectively) of 60 scenarios of partition design. Each Figure is divided into five sections according 

to the partition material. In Figure 10, a dark green, medium green, and light green line represent 

partition height alternatives (42”, 48”, and 60” heights, respectively). The lowest sDA value in this 

study space belongs to the opaque partitions (20% Reflection) with 60” height in perpendicular 

partition orientation to windows based on spine layouts (46.6%), while the highest value is 

reported in transparent partitions (50% VLT) with 42” height in perpendicular partition orientation 

to windows based on spine layouts (84%).  
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In Figure 11 a dark orange, medium orange, and light orange line represent partition 

alternatives (42”, 48”, and 60” heights, respectively). Based on the 60 simulated plots, the lowest 

ASE value is recorded in just two partition designs: opaque partitions (Reflection 20%) with 60” 

height parallel to windows based on bridge layouts and translucent partitions (20% Visible Light 

Transmission) with 60” height perpendicular to windows based on bridge layouts (10.83% and 

10.58%). They are close to the 10% ASE criteria adopted in LEED V4. Although it is worth noting 

that several studies reveal that the 10% ASE criteria appears to be too restrictive and may result in 

many good daylighting designs failing to meet the criteria(Reinhart, 2015; Nezamdoost et al., 

2014; Nezamdoost and Van Den Wymelenberg, 2015b;  Nezamdoost and Van Den Wymelenberg, 

2017a, 2017b). 

 

Figure 10. Comparing sDA Results of Partition Design on Each Side of Building
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Figure 11. Comparing ASE Results of Partition Design on Each Side of Building 

IV. 3. DISCUSSION 

This research plan was conducted to determine which partition height, material, 

orientation, and workstation layout in side-lit open office spaces provides the maximum amount 

of daylight (high sDA) with the minimum risk of excessive sunlight exposure (low ASE) in order 

to provide insight to the commercial building design community about the application of daylight 

in the development of future generations of office furniture. The results reveal that the workstation 

layout considerably impacts annual daylight performance and occupants’ visual comfort. 

Furthermore, depending which, partition material, height, and orientation is implemented, the 

results differ dramatically. It is reported that opaque partitions considerably decreased the number 

of hours that the floor area achieves 300 lux during 50% of annual occupied hours. Instead, 

translucent partitions let more daylight come into the study space. As expected, sDA and ASE 

values were reported higher in translucent partitions with 50% light transmittance in comparison 

to the 20% light transmittance of translucent partitions. Transparent partitions provided more 

daylight than the other partition materials, yet increased the risk of excessive daylight and glare. 

Workstation partitions with 42” height minimally influenced the amount of incoming daylight and 

could be implemented in areas where there is good view quality as well as low probability of sun 

penetration. 

On the contrary, higher partitions, 48” or greater, provide privacy and a sense of enclosure 

yet considerably block the daylight. Spine workstation layouts show better performance in 

providing privacy, storage areas, and not preventing diffuse daylight due to the position and shape 

of partitions. Looking at sDA and ASE plots, a similar workstation partition design cannot be 

considered for four orientations of the building; an appropriate partition should be designed and 

arranged based on the unique characteristics of each building orientation in order to adequately 

address the dynamic change of daylight during the course of the day and year.  
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In the north façade, the ASE values are always zero regardless of partition height and layout 

since this façade never hits 1000 lux in 250 occupied hours. Hence, open desk workstations with 

at least transparent and low partition heights are recommended. sDA values on the south façade 

are relatively low and the ASE values show more sensitivity to partition height, material, and 

layout. It is recommended to provide opaque or translucent partitions with at least 48” height for 

the perimeter zone and to use transparent partitions in the core. In the east façade, high sDA values 

were recorded. ASE values are almost in the same range (17.07) and are unresponsive to the 

partition height, orientation, and layout. Therefore, transparent or translucent partitions with 

minimum heights would be adequate to provide visually comfortable conditions for occupants; 

however, interior blinds or other shading devices are necessary to block the excessive daylight and 

sky brightness during morning hours. Relatively high sDA and ASE values were reported on the 

west façade causing excessive solar heat gain and intense glare issues during afternoon and evening 

hours. In order to reduce the amount of harsh sun penetration on occupants’ desks, opaque or 

translucent partitions with 60” height in the perimeter zone are required. 

The height, orientations, and materiality of partitions (surface reflection and light 

transmittance) influence the amount of transferred daylight from the windows and lighting 

conditions of a space. However, daylit buildings are rarely studied while in use or examined in 

terms of the impact of interior design strategies on the level of daylight availability. Further studies 

are required to diagnose the specific daylighting design strategies in order to improve the current 

design pattern guides. From the findings above and daylight performance analysis of 60 different 

workstation partitions through simulation, one alternative was selected and developed based on 

façade orientation, window to wall ratio, number of employees, and space depth. The elaborated 

design of the recommended alternative is provided on Figures 12 and 13. 

 

Figure 12. Details of Recommended Alternative  
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Figure 13. The Stair-Shape of Partitions. 

Image Credit- Author   

 

The simulation results of 60 alternatives revealed that those partitions oriented 

perpendicular to windows based on spine layout minimally decreased the amount of incoming 

diffuse daylight without glare during the course of the year (high sDA, low ASE). As shown in 

Figure 14, the amount of spatial Daylight Autonomy (sDA) in the recommended alternative peaks 

at 80.30% and the Annual Sunlight Exposure (ASE) metric is lowered to 9.91%.  

 

sDA ASE 

  
80.30 9.91 

 

Figure 14. Simulation Plots – Recommended Partition Design 
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The recommended partition design reaches 3 points of LEED V4 daylight credit, since 

annual computer simulations show that sDA value exceeds 75% of preferred criteria and no more 

than 10% of analysis points in a space exceeds 1000 lux of direct sunlight for 250 hours as 

measured from 8:00 AM-6:00 PM. The recommended partition design has its own merits and 

shortcomings. It is established based on zone-by-zone daylight investigation to provide appropriate 

design for each façade orientation and address all sunlight and daylight variations in the course of 

the day and year. In the south and west facades, workstation partitions cannot solely lower the risk 

of daylight excessiveness, sun penetration, and solar heat gain in the perimeter zone. Therefore, 

interior and exterior shading devices should be implemented to maintain occupants’ visual 

comfort.  

V. 4. CONCLUSION 

The study conducted in this paper is intended to provide a daylighting simulation analysis 

between a range of different items that can be used to assess and compare the performance of 

workstation partitions, with the goal of delivering maximum daylight in the course of the year. In 

order to properly assess the impacts of workstation partitions on the amount of transferred daylight 

from windows in to the space, the operation of 60 alternatives of partitions were examined (three 

different partition heights in five materials with two orientations to the windows based on 

workstation layouts) in four building orientations (north, south, east and west) through annual 

climate-based daylighting simulations. Workstation partitions show considerable impact on annual 

daylight performance and should be included in building daylighting simulation. 

Although the previous studies believe that partitions are designed in open plan office spaces 

to provide privacy for employees, nobody can ignore the robust role of partition layouts in the 

better distribution of daylight into the space and providing a visually comfortable working 

environment. This study tries to raise the awareness and attention of manufacturers and designers 

regarding this issue as well as provide them insight to identify the items that highly impact the 

overall performance of workstation partitions in maximizing diffuse daylight and minimizing glare 

and visual discomfort. 

With the implementation of the simulation results and literature reviewed herein, a 

workstation partition is proposed as a new model for open plan office spaces. The design 

preference regarding the heights, materials, orientations, and layouts have provided valuable 

guidance on design decisions. The following describes the proposed workstation partition: 

 In the northern façade which has no direct sunlight at any point in the day and no visual 

discomfort, open office spaces or partitions set at the lowest height to create privacy is 

recommended. 

 In the southern façade, in general, the less considerable discrepancy in ASE values 

(daylight excessiveness) can be caused by altering partitions, while stair- shape 48” 

translucent partitions increase acoustics and privacy while maintaining brightness. 

 In the eastern façade, as in southern façade, partitions have less considerable discrepancy 

in ASE values, hence 42” translucent partitions are required. 

 In the western façade, partitions have the most effect on daylight excessiveness due to 

excessive solar heat gain and intense glare issues, especially with lower altitude sun angles 

throughout the year in the late afternoon and evening. Therefore, stair-shape partitions from 

60” to 42” height, which increase both visual and acoustic privacy, is suggested.  
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Future Research  

Specific research gaps that should be investigated include the following: 

 The proposed workstation partition design in this study should be considered as a 

hypothesis that requires validation in real open office spaces. 

 Large-scale general human factor research into the effects of partition design and 

workstation layout on daylight sufficiency and visual comfort in real world settings could 

be examined through subjective qualitative questionnaires and objective measurements of 

illuminance and luminance. 

 This study presents a comparison of 60 candidates of workstation partition design for one 

open office building in Raleigh, NC. Although these results can be reasonably extended to 

other regularly occupied work spaces with similar spatial configurations in order to achieve 

more generalizable results, additional evaluations of the impact within multiple climate 

zones, building shapes, and daylighting designs is warranted. 

 This research focused only on impacts of partition design on annual daylighting 

performance and did not explicitly review the substantial effects of exterior and interior 

shading devices on maintaining visual comfort in office spaces. Further research is needed 

to examine that combination and answer these questions: 

  Is there a relationship between view quality, blind occlusion, and partition height? 

 Do open-plan offices with external shading devices need lower partition height (due 

to less sun penetration)? 

 Do buildings with higher partitions generally have lower blind occlusion? 
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