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Localized lighting in open-plan offices 

Christel de Bakker, Myriam Aries, Helianthe Kort, Alexander Rosemann 
Unit Building Physics and Services, Eindhoven University of Technology  
P.O. Box 513, 5600 MB Eindhoven, The Netherlands 

Summary 
Controlling lighting conditions at desk level has proven its energy savings potential. How-
ever, in open-plan offices without partitions separating desks this local control might come 
at expense of users’ comfort. An explorative study in an office building in the Netherlands 
revealed the influence of local control on users’ satisfaction with the lighting conditions 
compared to central control. Differences were found to be minimal (from .03 to .58 a 7-
point scale), except for users’ satisfaction with the illuminance uniformity throughout the 
space. This measure was less satisfying with the localized lighting, especially with scenar-
ios where constant background illuminance levels were limited (.81 less). A direct result 
from this study is the recommendation to use a dimming system when applying local light-
ing control. More research is however needed to further confirm the findings of this study.

1 Introduction 
In most open-plan offices lighting is controlled centrally, regardless of whether occupants 
are actually present at their desk. Lighting is switched on throughout the whole space 
when the first occupant arrives and only switched off after the last occupant has left. This 
results in unnecessary energy use for lighting as occupants tend to leave their desk sev-
eral times throughout the day [Chang and Hong 2013]. Controlling lighting at desk level 
can overcome this and result in energy savings, which was proven by [Rubinstein and 
Enscoe 2010]. They conducted their study in an office with a cubicle lay-out, which is typi-
cal for offices from the United States. In Europe, however, open-plan offices do not tend to 
have any partitions between desks. Occupants, consequently, can oversee the whole of-
fice space. As with localized control the lighting will change multiple times throughout the 
day, this could distract occupants and create annoyance. In addition, it has a chance of 
negatively affecting the visual comfort of the surrounding occupants. To our knowledge, 
these effects have not yet been studied. Therefore, we conducted an explorative study in 
an open-plan office in the Netherlands investigating whether local control results in equally 
satisfying lighting conditions as with central control by evaluating both types of strategies 
with the occupants.

The original luminaire set-up was used as a starting point. The paper outlines the design of 
the lighting retrofit and explains the set-up of the experiment. The results are provided and 
discussed with the intent of concluding whether or not local lighting control can also be 
applied in European open-plan offices.  



102

2 Lighting control design 
The strategy was developed for an open-office space of an office building in the Nether-
lands. The original lighting system consisted of 31 luminaires each equipped with 2*36W 
linear fluorescent lamps. The luminaires are placed in a regular grid, as shown in Figure 1.  

Figure 1: Test-bed space with the luminaires numbered and the location of the participants circled 

Before the retrofit, the open office lighting was controlled centrally. Luminaires could be 
switched on and off with two switches next to the door: one for the inner grid (luminaires 
28-34 and 43-46) and one for the outer grid (luminaires 21-27, 35-42 and 49-51). Two ad-
ditions enabled local lighting control: first, chair sensors and motion sensors were installed 
at each desk for the purpose of fine-grained control. Secondly, off-the-shelve, plug-in 
switching nodes were placed at each luminaire enabling them to be switched on and off 
separately. More detailed information on this set-up can be found in Labeodan et al. 
[2016].

Prior to the experiment, horizontal illuminance (Eh) measurements were performed to de-
termine which luminaires needed to be switched on to provide 500 lx on each of the desks. 
A Konica Minolta illuminance meter was used to measure Eh at a point at the desk, which 
was the same for each occupant (see Figure 1). Therefore, luminaires in the proximity of 
the desk were switched on one by one while daylight was absent.

Figure 2: Location of horizontal illuminance measurements indicated by the circle 
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Two different local strategies were developed to investigate whether it is accepted by us-
ers that luminaires respond to both their own occupancy behaviour as well as the behav-
iour of other occupants. Therefore, with strategy one (local control 1), each luminaire was 
‘owned’ by only one occupant, or, in other words, only depended on the presence of one 
occupant. This required the luminaire to contribute the most towards the illuminance on the 
occupant’s desk. With strategy two (local control 2), all the luminaires required to achieve 
500 lx on the desk were switched on in case of occupancy. Some luminaires consequently 
responded to the occupancy behaviour of multiple users. Table 1 describes which lumi-
naires were switched on for each of the occupants according to the two strategies. 

Table 1: Luminaire setting of the localized lighting control strategies 1 and 2 

Occupant
Local control 1 Local control 2 

Luminaires Eh in lx Luminaires Eh  in lx 
1 51 143  43, 44, 50, 51 430 
2 43 410 43, 44 519 
3 50 226 50, 44 407 
4 44 502 44 502 
5 29, 41 359 28, 29, 41 402 
6 26 363 25, 26 525 
7 30 473 30, 31  535 
8 25 405 24, 25  500 
9 32 339 32, 33  376 

10 23 353 22, 23  487 
11 33 517 33  517 
12 22, 21  539 22, 21  539 

As can be seen in Table 1, even when all contributing luminaires were switched on, 500 lx 
could not be achieved with some desks. With both strategies, luminaires at the general 
entrance and meeting area (luminaires 36, 38-40, 45-47) were switched on continuously, 
thus independently of the presence of the individual occupants, to provide a general 
‘background’ lighting level. With strategy two, five additional luminaires in the pathways 
between the desks were switched on continuously because occupants experienced dissat-
isfaction regarding the spatial uniformity in the space with strategy one (luminaires 42, 49, 
48, 31, 34).

3 Experimental set-up  
The original central lighting control strategy as well as the two different localized lighting 
control strategies were each tested for a week in February 2016. By conducting the ex-
periment in the winter season, the amount of daylight and thus also its influence was 
minimized. The three strategies were experienced by all participants, thus a within-
subjects design was used. The office space was shared by twelve occupants, of which 
nine agreed to participate (all male; median age category 40-49). Participants were aware 
that a new lighting system was installed as this was done during their work hours. How-
ever, they were not aware that the local strategies of week two and three differed. Strate-
gies were evaluated with the users with a set of questions at the end of each week. They 
were asked to rate their satisfaction with the amount of light on the desk, the quality of light 
on the desk, the glare on the computer screen, and the amount of light for computer work. 
These questions originate from the validated Satisfaction Questionnaire of Veitch et al. 
[2002]. We added two questions about
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1) their satisfaction with the amount of light for paper work, because they also spend 
much time on this task, and

2) their satisfaction with the uniformity of the light throughout the space, because it 
was expected that this could be an issue with the local strategies.  

For all questions a 7-point Likert scale was used. At the end of week three, interviews with 
the participants collected information on whether they noticed any difference between 
week two and three, whether they noticed a difference in the lighting, and on which system 
they preferred. Participants’ answers were analysed with SPSS statistics. As the scores 
were not normally distributed and the sample size was small, no statistical tests were per-
formed; only their mean scores and standard deviations were calculated.

4 Results  

4.1 Satisfaction with lighting conditions 

No participants were found to be outliers (z-score < -3 or > 3) on the satisfaction scores. 
Table 2 provides their means and standard deviations. 

Table 2: Mean scores and standard deviations on the six measures of satisfaction with the lighting conditions 
(on a scale from 1 to 7) 

Central control Local control 1 Local control 2 
 Mean SD Mean SD Mean SD 
Satisfaction with amount of light on 
desk 5.00 .93 4.89 1.05 4.44 1.33 

Satisfaction with quality of light on 
desk 4.75 1.04 4.78 1.30 4.72 1.44 

Satisfaction with glare on computer 
screen 5.25 1.39 4.67 1.00 4.83 1.22 

Satisfaction with amount of light for 
computer work 5.25 .89 4.89 1.27 5.28 .97 

Satisfaction with amount of light for 
paper work 5.13 .99 5.00 1.12 5.17 .94 

Satisfaction with uniformity 4.25 1.04 3.44 1.51 4.00 1.12 

Table 2 shows that, overall, differences in satisfaction between the three strategies were 
limited. Nevertheless, participants were more satisfied with all aspects with central control 
except for the quality of light on desk. However, here the difference between central con-
trol and the local control strategies was very small. The largest difference was found be-
tween central control and local control 1 on users’ satisfaction with the uniformity through-
out the space. This also becomes apparent from Figure 3.
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Figure 3: Boxplots on the six measures of satisfaction with the lighting conditions 

However, this figure also shows that there are individual differences as the spread is large. 
This especially is the case with users’ satisfaction with the glare on the computer screen 
and the uniformity throughout the space.

4.2 Preferences local control  

In the interviews, six participants indicated that they did not notice any difference. One par-
ticipant considered the light at the desk better during week two. Two participants had the 
idea that the lighting was responding faster in week two. While one preferred a slower sys-
tem, thus local control 1, the other occupant did not indicate a preference. 

5 Discussion 
The most striking finding was that most occupants did not really seem to notice a differ-
ence between local control 1 and 2 and consequently had no preference. It suggests that 
there is no need to assign luminaires to only one individual to obtain understanding. Those 
occupants noticing a difference thought the response rate changed, instead of the number 
of luminaires being switched on. In the satisfaction rates, however, differences between 
strategies were found, although small. These seemed to result from a couple of individuals 
as the spread of scores was large. Some users were less satisfied with the amount of light 
on their desk, although more luminaires were switched on with local control 2. However, 
users were on average more satisfied with the amount of light for computer work and pa-
per work with local control 2 than 1, which is in line with the actual illuminance levels pro-
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vided by the two strategies. Individual differences also were found to occur with their satis-
faction with the glare on the screen. This could be explained by users’ different positions. 
Some occupants are located along the window and may consequently experience glare 
due to sunlight falling on their screen. A large spread was also found with the satisfaction 
with the illuminance uniformity. It was found to be improved with local control 2. This can 
be explained by the increased number of luminaires that were switched on continuously in 
the surrounding area. Consequently, the constant illuminance level was higher and the 
luminaires being controlled locally affected the uniformity only to a lesser extent. It shall be 
noted that this improvement could also be resulting from the users adapting to the local 
control.

This study was limited in time as well as in number of participants. The results conse-
quently just give an impression how local control is experienced. As users’ satisfaction with 
uniformity was affected most, a dimming system would fit local control better. Control 
strategies based on luminaire switching render it almost impossible to obtain the uniform-
ities recommended in the NEN-EN-12464-1 norm. With a dimming system, a continuous 
background maintained illuminance of 100 lx can be sustained as well as 300 lx in the sur-
rounding area fulfilling the applicable recommendations. In addition, the changes in illumi-
nance level due to occupants leaving or arriving at their desk will also become less notice-
able and consequently likely less distracting. The influence of these changes on their per-
formance needs to be tested before applying such a dimming system with local control in 
real-office environments.

6 Conclusions and recommendations 
The goal of this explorative study was to investigate whether local control is applicable in 
European open-plan offices. Participants were asked for their satisfaction with the lighting 
conditions under different control strategies. The results suggested that users’ satisfaction 
with central and local control differs only minimally. Besides, it can be concluded that when 
developing a local lighting control strategy it is not required to have luminaires responding 
to only one occupant. Instead it is necessary to provide a sufficient background level to 
establish satisfactory uniformity throughout the space. The findings indicate advantages 
for implementing local lighting control. Further studies with more participants are required 
to further support the indicative results from this explorative study. 
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