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Abstract

While current lighting concepts and simulations mainly
work with general criteria such as static presence models,
organization-specific aspects are mostly not considered.
These criteria have a major influence on the energy
requirement. If organizational cultural aspects are
available in the planning phase, such as the application-
specific occupancy model, they could be used during
simulation for a better energy mapping. The present work
systematically analyses the influences of both the users’
occupancy patterns and the control strategy on the energy
demand in an open-space office. The results show that
occupancy in an object with high daylight availability has
a significant influence on the energetic performance and
related  misrepresentations according to  wrong
assumptions may significantly reduce the accuracy of
simulations.

Key Innovations

e  Comparison of the influence of different control
strategies for shading screens for an office
flooded with daylight (simulated with real
recorded presence data).

e Integration of different occupancy models into
the simulation model and evaluation of their
impact on energy demand.

e Estimation of the relevance of the lighting
control strategy depending on the occupancy
model and its importance in daylight-flooded
office buildings.

e Comparison of a detailed simulation model and
monitored building operation data collected
under very high sensor use.

Practical Implications

The influence of the fagade control strategy on the use of
artificial lighting must be carefully examined in the
context of building type and user behaviour. Depending
on the strategy and occupancy model, different energy
consumptions result, which ultimately serve as a starting
point for dimensioning building controls.

Introduction

The building sector accounts for around one third of the
world's energy demand (IEA, 2013) and thus also a
correspondingly high share of greenhouse gas emissions
(UNEP - SBCI, 2009). A significant contribution can be
attributed to artificial lighting (IEA, 2010), with a focus

on commercial buildings (Dubois and
Blomsterberg, 2011). Better lighting control strategies,
such as dimming and switching artificial lighting based
on daylight availability and occupancy, can make a
significant contribution to further improving the energy
efficiency of buildings (Lee and Selkowitz, 2006; Roisin
et al., 2008; Guo et al., 2010; Ryckaert et al., 2010;
Dubois and Blomsterberg, 2011).

User-centeredness of automated lighting systems

With manual control, there is rarely any intervention in
the artificial lighting and fagade system, which means that
the lighting often remains switched on regardless of the
level of available daylight (Onaygil, Guler, 2003).
Consequently, energy demand increases. The same
applies to the closing of fagade systems as they often
remain closed during manual operation even after the
initiating disturbance is removed (Rea, Rutledge,
Maniccia, 1998). By using illuminance sensors, the use of
artificial lighting can be adjusted to match the available
daylight, so that only the amount of lighting necessary to
meet normative requirements needs to be provided
(Rubinstein, Siminovitch, Verderber, 1993). Some
studies list that daylight-adapted artificial lighting
controls promise average electrical energy demand
savings of 40% to 60%, depending on room orientation
and location (Reinhart, 2002; Galasiu, Atif,
MacDonald, 2004; Galasiu et al., 2007; Roisin, 2008).
Further, reducing the use of artificial lighting also
indirectly reduces the cooling load due to reduced heat
production (Hanselaer, P., 2007; Ryckaert et al., 2010). In
this context, Konstantoglou and Tsangrassoulis (2016)
listed that dynamically controlled facade systems can also
significantly reduce energy consumption. Therefore,
investing in modern lighting technology and its control
technology is considered one of the most cost-effective
ways to reduce energy demand and associated emissions.
A combination of the daylighting and artificial lighting
trades is not only relevant for the implementation of
energy efficiency measures, but also for user comfort
(Parise, Martirano, 2013). Parise and Martirano (2013)
recommend an integral system approach to achieve
maximum daylight harvesting while maintaining user
comfort criteria. In this context, Galasiu and Veitch
(2006) offer an overview of daylight-dependent lighting
controls. To ensure a high applicability of control systems
in building technology, automated logics are often used.
These derive reference variables for the control logic from
generalized parameters, such as normative minimum

Proceedings of the 17th IBPSA Conference
Bruges, Belgium, Sept. 1-3, 2021

3536
https://doi.org/10.26868/25222708.2021.30508



INTERNATIONAL
BUILDING
PERFORMANCE

| SIMULATION
ASSOCIATION

illuminance and generally valid comfort criteria. As a
rule, the user is given the option of a manual override to
increase the acceptance of automated systems (Galasiu,
Veitch, 2006).

However, it is not uncommon for automated systems to
fail to achieve their intended energetic system
performance and comfort goals. This is because manual
adjustments usually result from subjectively perceived
necessities, which are primarily based on immediate need
satisfaction. Related preferences for illuminance vary
greatly between users and activities (Love, 1998; de
Bakker, 2017) and long-term objective control concepts
can only inadequately or incompletely represent the
resulting individualities. As a result, user interventions
can often have a detrimental effect on energetic system
performance (Nagy, Yong, Schlueter, 2016).

One aspect of wuser individualities is presence.
Organizational processes and sociological aspects
resulting from the target application can be seen as
frameworks and boundaries by which user behaviour,
especially presence, is defined. For example, the
organizational culture shows itself as a main determinator
of the occupancy of building users. Accordingly, the co-
occurring target application defines the choice of lighting
control. Both the presence and behaviour of building
occupants prove to be significant for the energy demand
of the lighting system (Nguyen, 2013) and equal
relevance can be attributed to user behaviour in terms of
heating and cooling loads (Nguyen, 2013). To test and
evaluate control systems for their target application,
simulations are used in the building design phase.
Simulation can be used to evaluate the dynamic
daylighting availability to determine the artificial lighting
use and the most appropriate control system for the target
application (Roisin et al., 2008).

Methods for user-oriented daylight and artificial light
simulation

Simulations can be used to design lighting systems and
building dynamics within a virtual environment that
approximates real-world conditions. Therefore, the
understanding to analyse different internal and external
system influences is crucial and lighting design,
considered as one of the most essential elements of
building design, is still seen as one of the greatest
challenges. For this reason, numerous scientific studies
are being carried out on this subject.

Ehrlich et al. (2002) implemented a lighting simulation
that allows a reliable comparison between lighting
controls based on illuminance sensors. In addition, the
simulation could improve selection, placement, and
commissioning. In this context, Yu and Su (2015)
presented a method for evaluating indoor daylight
availability and predicting potential energy savings. To
evaluate the efficiency of lighting systems that operate
based on daylight availability, Choi, Song, and Kim
(2005) developed a corresponding simulation model.
Chaiwatworakul, Chirarattananon, and Rakkwamsuk
(2009) and Kirimitat et al. (2016) focused their simulation
studies on efficient shading control. The former conclude

that the combination of daylighting and artificial lighting
control offers noticeable savings for office lighting
systems. Ding, Yu, and Si (2018) shed light on the
evolution of lighting technology over the past 20 years,
confirming the objectives of Parise and Martirano (2013)
by demonstrating a shift from an energy savings-focused
paradigm to a combined approach of energy efficiency
improvement and visual comfort. Roisin et al. (2008) used
dynamic daylighting simulation based on real climate data
and shading position to determine the artificial lighting
input required to meet the target illuminance. In addition,
Roisin et al. (2008) simulated the energy consumption
depending on different control systems and relative room
occupancies on the, i.e., a possible dependence of the
occupancy times. However, the focus here was solely on
the probability of presence in a defined time frame
(20%, 60%, 80% and 100% presence rate in the period
from 08:00 to 18:00). Even though this was more user-
centered, it could not fully represent potential user
behaviour dynamics associated with different occupancy
models.

Currently, studies show a crucial discrepancy between
simulation results and real measured values in a building
(Bordass, Cohen, Field, 2004; Cali, 2016; Gaetani, Hoes,
Hensen, 2016). Brown and Cole (2009) focus on the
discrepancies between planned comfort conditions and
real comfort perceptions. The difference between design
and implementation is in part due to suboptimal
installation and calibration (Ehrlich et al., 2002; Lee,
Selkowitz, 2006), a lack of available data from the
simulated building, and most importantly, inadequate user
mapping (Coakley, Raftery, Keane, 2014). Predicting
energy use is also likely to fail where building occupants
can change their own environment (Lowry, 2016).
Building occupants thus take a critical role in the range
between predicted and real values (Reinhart, 2004).

Just as inadequate user mapping in control applications
leads to discrepancies between projected energy savings
and real consumption data, the same is true at the
simulation level. Again, generalized criteria are used to
make generally valid statements (Baloch et al., 2018).
While the importance of user-centeredness of lighting for
energy demand and comfort could already be highlighted
in the application (Hammes et al., 2020), it is also
important to highlight this importance in the context of
simulation.

Summarized, all relevant influences, including potential
user behaviour, should already be considered in the early
planning phase to close the energy gap. For this reason,
the International Energy Agency (IEA) Annex 66 was
engaged in the simulation of occupant behaviour in
buildings (Yan, Hong, 2018). Studies on mapping
different occupancy models in simulation to evaluate the
resulting effects on energy demand building systems,
specifically HVAC, are provided by Wang, Yan, and
Jiang (2011), Feng, Yan, and Hong (2015), among others.
Estimating the energy efficiency of lighting systems
depending on the target application can serve as an
evaluation basis for planners and furthermore help to
make the most appropriate choice for lighting control
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(Lietal., 2010; Guyot et al., 2019) and accordingly avoid
oversizing or undersizing. Therefore, this work
investigates the influence of different occupancy models
in simulation, considered as a schedulable organizational
cultural aspect that has a direct impact on user behaviour.
The simulation results are compared with measured
values of a real office building. In addition, different
control strategies for shading screens in daylight-
controlled systems are contrasted by comparing
simulation and practice to derive recommendations for
planning and future research.

Methods

The study object is an office building of Bartenbach
GmbH in Aldrans, Austria (Figure 1, 2). A modern, non-
visually effective, workstation-zoned lighting system was
installed in an office area of around 200 m? with colour
temperature control adapted to the time of day (from
5000 K in the morning to 2200 K in the evening in a
dynamic sequence).
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Figure 1: Representation of the illuminance curve of the
artificial light in the building section at maximum intensity and
excluding daylight inputs.

In such a setting, different preferences and the diffusion
of areas of responsibility, resulting from social etiquette,
can lead to a user behaviour that is both detrimental to
energy demand and deviates from personal comfort
requirements (Boyce, 1980). For better user mapping and
to meet individual lighting preferences, the 28 individual
workstations in the open-plan office of the study object
were therefore divided into individually controllable
lighting zones (daylight and artificial light) with the
respective neighbouring workstations: four workstation

zones in the area with skylight (north orientation) and five
workstation zones on the south facade (Figure 1, Figure 2)
can be controlled individually. The manual control of the
LED line segments and the respective shading screen of a
zone is carried out via EnOcean-based wireless
pushbuttons (JUNG, LS990, 4-channel). In automatic
mode, presence detection via passive infrared sensors
(PIR; thermokon®, RDI) adjusts the lighting according to
the availability of daylight. For this purpose, the
horizontal illuminance on the work surface is measured
(thermokon®, LDF 1000A) for each zone separately. The
control logic was implemented with a programmable
logic controller (PLC; BECKHOFF, CX5140 0141). Two
adjacent individual offices, which are separated from the
open-plan office by transparent glass walls, are also
subject of investigation. The adjacent meeting room is not
considered (Figure 2). For a high user mapping with
positive effects for energy efficiency and user
satisfaction, the control of an open-plan office must be
realized via an appropriate sensor network (de Bakker
etal., 2017). Another feature of the study object is the
high daylight availability (Figure 3). Thus, the average
daylight autonomy (DAsog) with respect to the normative
illuminance of 500 Ix (EN12464 1) is 81.56% (Reference
time: 08:00 to 18:00, summertime not considered).
Therefore, the artificial light demand is mainly limited to
the daytime perimeter areas. To reduce glare, exterior
static light deflecting daylight swords are installed and
external screens (Figure 1) can be controlled manually
and automatically. Finally, a manually operable internal
glare protection is installed on the south fagade.
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Figure 3: Daylight simulation (DAsqo) of the study
object implemented via RADIANCE.
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Figure 2: Floor plan of the office premises of Bartenbach GmbH with representation of the division of the functional
rooms (coloured filling) and zonal individual workstation lighting (black border).
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Simulation Methodology

The presented office building of Bartenbach GmbH is
modelled for the simulation with Rhinoceros® (Version
Rhino 6) (Figure 3) with a high level of detail. This
applies both to exterior elements, such as the light shelves,
which were modelled as geometric shadows, and to
interior elements, such as the furniture (including desks,
monitors, sideboards, transparent and non-transparent
partition walls). All required reflectance values of the
modelled materials were measured. The exterior screen
on the south-facing and west-facing large-area window
fronts (double-glazed) has a visual transmission (t,) of
19%. The manually operated shading screen below and
inside ensures a higher glare protection for the workplaces
near the windows with t, of 9%. 7, of the interior screen
on the shed roof is 19%.

The simulation platform used is Honeybee[+], a
Grasshopper ~ plugin  in  Rhinoceros® utilizing
RADIANCE as a daylighting simulation engine.
Honeybee[+] is an enhanced version of Honeybee legacy,
which provides comprehensive daylighting performance
analysis of complex fenestration systems (CFS). The
annual daylight simulation is performed using the three-
phase method. It allows the use of bidirectional scattering
distribution functions (BSDFs) to represent different
shading conditions of facade systems. By using
WINDOW?7, a full-system BSDF datasets is created
including the shading screens with a Lambertian diffuse
characteristic as well as the double pane glazing layers.

For RADIANCE, the specific climate data for the nearby
location of Innsbruck are used in hourly resolution to
determine the daylight-based horizontal and vertical
illuminances per individual workstation (EnergyPlus™
weather file (epw)). For this purpose, the daylight
components of all window components are determined
per simulated sensor point for the shaded and unshaded
case. The exterior screen on the south facade is divided
into three equal segments to simulate three shading
positions. This results in a total of 74 window elements
that provide contributions to each sensor point. For all
possible logical shading combinations of the screens, the
daylight-based illuminances were then determined in an
evaluation tool written in python™ (Python 3.7,
pandas 1.2.0). Subsequently, the shading position was
determined at which the boundary condition of the
considered control strategy of the facade is fulfilled at
each workstation (e.g., DGPs <0.45 (Wienold, 2009)) and
the overall daylight availability in the office is the highest.
In the next step, the resulting illuminance levels were
linked to different occupancy models in the same
evaluation tool. From this, it was possible to determine
the artificial lighting input required to meet the normative
minimum illuminance of 500 Ix (EN12464 1). Due to the
zoned lighting control (Figure 2), the workstation with the
least amount of daylight was used as a reference for the
time step. In unoccupied workstation zones, no artificial
lighting is added. With the knowledge of the required
artificial light contribution, the energy demand could be

calculated. This calculation logic was carried out for the
occupancy models and control strategies presented below.

Facade control criteria and occupancy models

Equally distributed profiles are used as occupancy
models: (a) a static profile with a daily working time of
8 h starting at 08:00, (b) one with a daily working time
from Monday to Thursday of 9 h and Fridays of 4 h,
starting at 08:00, (c) a flexitime model with one hour of
variability in the morning and in the evening, based on
(b), (d) a dynamic profile from 06:00 to 20:00 with
Mo-Th 9 h and Fr 4 h, implemented by 2 h flexitime in
the morning and 2 h flexitime in the evening, derived from
the real space utilization pattern of the study object (e). In
the equally distributed occupancy models, absences due
to breaks are included (corresponding to the real case).

Several evaluation methods currently used in simulation-
based facade control systems are used as thresholds for
controlling the shading screens: (I) the simplified DGP
(daylight glare probability) described in Wienold (2009)
and used in Chaloeytoy, Ichinose, Chien (2020), which
works with the wvertical illuminance (guideline
DGPs < 0.45 to avoid interference), (II) the DGPs < 0.35
for a high level of comfort (Wienold, 2009), (I1l) the
threshold for closing established in Reinhart (2004) with
an irradiance on the working plane of 50 W/mz, (1V) the
threshold established by Inoue et al. (1988) and
Newsham (1994) identified a limit value of solar radiation
values of 250-300 W/m?, which causes a significant
percentage to use blinds (for this study, the limit of
shading actions is set to mean 275 W/m2), (V) based on
the same concept only with the limit at 200 W/m?2
(Mahdavi et al., 2008), and (VI) an external vertical
irradiance limit of 150 W/m2 (Zhang, Barrett, 2012), (VII)
the daylight-based 1200 Ix presented in (Haldi, Robinson,
2008) shall also be used as an evaluation criterion for the
control strategy, (VIII) represents the real situation,
similar to (VI). Furthermore, in a ninth method (1X), the
evaluation methods from (I + I11 + V1) are to be combined
by a logical OR operator to guarantee higher glare control.

Results

To validate the simulation model, the simulated energy
consumption was compared with real energy
consumption. First, the illuminance values at the
workplaces simulated under the real control strategy were
offset against the various occupancy models and the real
presences. Thereupon, the required energy demand of the
artificial light could be determined, which is necessary to
fulfil the normative minimum illuminance of 500 Ix
(EN12464-1). The positions of the sensor points in the
simulation were modelled on the real sensor positions to
ensure the same reaction behaviour of the control system.
In addition to the energy comparison under real control
strategy and real occupancy behaviour, the static and
dynamic occupancy models (a-d) were also calculated
with the real measured illuminance values. The results of
simulated and measured illuminances under the real
strategy (VII1) calculated with the time models (a-d) show
an average deviation of 5.8% (deviation between
simulation and real data across all occupancy models).
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Table 1: Energy demand of the artificial light and lux hours depending on control strategy and attendance model in
green: simulation-based illuminance levels coupled with real occupancy data or control strategy, oriented to real
implementation; in blue: real measured artificial light energy consumption in the observation period.

Occupancy model (e) Real Range between time Shading time
atic : ic ic models; exclusive real depending on the
Control strategy | Evaluation (a) Static L © Dyl.wm"' @ Dyl}amlu oct{upancy I ERCUSIVE T8 epe . Lt Real measured
profile, profile, profile, linked occupancy data position in h
of the facade parameter profile, data
daily §h Mo-Th 9h, Tham, Ih pm, 2h am, 2h pm, to the Range Rang ] il
Frah | Mo-Th9h, Fr 4h| Mo-Th 9h, Fr4h | Simulation | Min-Max | © €€ || €1056c| Partly { open
(n kWh 35 44 50 51 80 16 0 125 411
DGPs < 0.45 Ixh 7335 6761 6808 7028 6519 574 -
2
: (I kWh 37 46 52 53 81 16 0 205 331
DGPs <035 Ixh 5900 5465 5476 5664 5313 435
/ 35
(III]. ) kWh 35 44 50 51 80 16 0 55 481
1,=50 W/m? Ixh 8504 7806 7872 8157 7510 698
A\ R\ q 5
(IV) i kWh 52 59 65 66 93 14 10 0 426
1,=275 W/m? Ixh 5358 5178 5174 5331 4851 184
Y 5 E *
V) o kWh 8 67 73 74 100 16 16 132 0 404
1,200 W/m? Ixh 4825 4589 4579 4738 4373 87 327+
(V1) kWh 68 77 83 85 109 17
—t 153 0 383
[,=150 W/m Ixh 4454 4214 4192 4349 4023 262
g 5 7
] (VIID) kWh 88 6 102 105 127 17 96 241 199
E=12001x Ixh 28435 2786 2730 2795 2590 115
(VI kWh 63 72 78 80 104 17 121 kWh
142 0 394
Ej, exten=30KIX Ixh 4675 4412 4390 4548 4192 285 14%
(I1X) combi kWh 68 77 83 85 109 17 153 4 379 Deviation to
1+ 111+ VI Ixh 4415 4175 4153 4310 3988 262 B i Simulation
Range between kWh 53 52 52 54 Legend:  kWh: Energy consumption of artificial lighting
strategies; excl. Ixh 5659 5020 5142 5362 Ixh: Daylight based lux hours
real based data, 53 kWh ** * @ Range independent of control strategy
Min-M o Range o " ; N ;
n-iviax 5296 Ixh o Range independent of presence time model

The difference from the measured values is mainly due to
climatic variations in the period under consideration. The
period under consideration was Sep-Oct 2020, and this
study period was conducted outside of COVID-19
influences. No related restrictions on usage patterns and
occupancy occurred. Deviations from the real data are
due, among other things, to climatic fluctuations during
the observation period, to temporary shading of sensors
caused by users that is difficult to calculate, and to soiling
of surfaces, i.e.,, limitations of transmittance and
reflectance, as well as to the availability of climatic data
in the hourly rate. The validated simulation model was
used to calculate the energy consumptions as well as the
average lux hours depending on the occupancy model and
control strategy. These are listed in Table 1. The data
shown refer to the observation period from Sep. to
Oct. 2020, in order to take into account, the comparison
with real measured values.

The values in Table 1 show that the control strategy and
the occupancy model have a decisive influence on the
energy demand. Thus, independent of the control strategy,
an average range of 53 kWh results in the considered
building flooded with daylight. When the occupancy
models are independent, an average range of 16 kWh
results depending on the selected control strategy. The
influence of the time profiles and the control strategy on
the resulting artificial light energy demand are shown in
Figure 4. It can be seen that the influence between the two
dynamic time models ((c) in orange, (d) in green) is very
small, averaging 1.6 kWh. However, their impact
compared to the static time models ((a) in black and (b) in
blue) turns out to be very high, averaging 6.8 kWh
compared to (b) and 15.4 kwWh compared to (a). Likewise,
the influence between the control strategies based on the
DGPs (I, Il) and the 50 W/m2 (1ll) compared to the
strategies that set the irradiance less than or equal to

200 W/mz (V - VIII) is shown to be significant across all
time models with an average of 33.6 kWh (excluding real
presences and the combined strategy (1X)).

In order to check the source of the influences on the
energy demand, especially in connection with the
occupancy model, the average artificial lighting demand
was shown once based on the real control strategy ((V111)
from Table 1) as a function of the different presence
models over the course of the day (Figure 5) and the
average artificial lighting demand as a function of the
control strategy based on real occupancy data (Figure 6).

VI Vi 1X
Control strategy
(b) Static profile,

Meo-Th 9h, Fr 4h

®  (a) Static profile, .
Mo-Fr 8h

o (d)I

--------- Linear ((a) Static profile,
Mo-Fr 8h)

r4h

Linear ({¢) Dynamic, profile, Linear ((d) Dynamic, profile,

1 2h am, 2h pi

1 pm,
Mo-Th 9h, Fr 4h) Mo-Th 9h, Fr 4h)

Figure 4: Influence of control strategies and time models
on energy demand.

Figure 5 shows that the artificial light demand focusses
mainly on the daytime marginal areas, caused by the high
average illuminance levels between 08:00 and 16:00. The
formation of the peak of the real presence data in the range
from 07:30 to 09:00 and from 16:30 to 18:30 is resulting
from high occupancy rates perceived during flexible
working hours. The artificial light energy consumptions
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simulated via dynamic time profiles are closer to the real
measured values, since the time model itself is closer to
the real occupancy profile. This shows the importance of
choosing a time model that is close to the real situation.
In connection with the control strategy, a similar picture
emerges (Figure 6). However, due to the low illuminances
and solar irradiances, there are hardly any or no switching
operations of the facade control. The relevant observation
period here is from 08:00 to 16:00. It can be seen that the
control strategies based on DGPs (I, Il) and on the
irradiation on the work surface of 50 W/m2 hardly lead to
any switching behaviour due to the external static glare
protection (Figure 1). This is also reflected in table 1.
There are no complete closures of the shading screen. It
remains open as far as possible. The control strategy
based on a limit value of 1200 Ix daylight on the work
surface leads in this daylight-flooded office to higher
switching operations than actually recorded.
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Figure 5: Time course of energy demand under different
occupancy models (a-e), simulated with the real control
strategy (VII1), supplemented by the simulated
potentially available illuminances (green dashed), the
real measured illuminance (blue dashed) and the real
measured energy demand (blue).

Power consumption in W
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e (V1T E 30 kix. p r consumptior —

Figure 6: Time course of energy demand under different
control strategies(I-1X), simulated with the real
occupancy model (), supplemented by the potentially
available illuminances (green dashed), the real
measured illuminance (blue dashed) and the real
measured energy demand (blue).

Discussion

While dynamic presence profiles can roughly reproduce
the effects occurring at the time-of-day margins, there is
still a significant difference to the real energy
consumption (Figure 5). Many time models are equally
distributed with a variability in the temporal duration over
the day. A characteristic of focal points, as for the
considered study object in the evening hours, remains
mostly unconsidered. Accordingly, no real derivation of
real consumption can take place within the framework of
general dynamic models, but only via specific models.
The real presence data show increased absences during
the typical business hours from 09:00 to 16:00. This is due
to the high proportion of meetings held by employees
(project managers) in their day-to-day business, which
usually take place outside the open-plan office. According
to the time use studies of Panko & Kinney (1995),
managers invest a large part of their daily business in
meetings. The amount of time invested increases with the
position held. Meetings are usually firmly anchored with
certain corporate cultures. This is also the case in the
object of study under consideration. To close these gaps,
a stronger consideration of organizational aspects and
processes of goal application is needed, which create
framework conditions for user behaviour. Meetings as an
organizational process define occupancy behaviour and
thus energy demand. Therefore, it is recommended to
classify organizations to derive specific time models,
which serve as input for the simulation model to be able
to close the energetic gap.

As already emphasized at the beginning, in the case of
control logics, envisaged energetic system performances
can only be achieved while maintaining system
acceptance rates if there is sufficient user-centering. A
corresponding zoning of the lighting concept is
considered a prerequisite. Studies point to insufficient
user mapping as a major cause of the energy gap between
design and real measured values (Coakley, Raftery,
Keane, 2014). However, user-centered mapping in the
planning and simulation phase, proves to be
unimplementable due to lack of information. However,
using an organization-level classification, i.e., an
intermediate level between the individual user and
generally applicable criteria, could get closer to a
necessary user mapping than has been done so far.

Currently, the simulation is performed under certain
assumptions that can significantly influence the
simulation results. It can be seen that general assumptions
about the attendance time model or the control strategy
can lead to wrong results. A basic assumption of generally
valid models specifically fails when the social structure
leaves free space, as it is the case in the study object.
Deviations from dynamic models can be explained by
additional modulators such as the high proportion of
meetings due to the industry or the high availability of
daylight. However, such modulators are difficult to model
due to short-term changes in daily business. This becomes
clear by the fact that there is a deviation of 26 kWh
between the dynamic time model (b) and the simulation
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data coupled with the real attendances (Table 1) across all
control strategies. The wrong assumptions for the study
object, resulting from generally valid occupancy models,
can thus lead to the risk of oversizing or undersizing the
control system and the artificial lighting system with the
consequence of an increased energy demand. This risk
could be minimized by using organizationally classified
models in connection with the building topology.

Conclusion

The presented study highlights the importance of
individual organizational aspects using the example of
occupancy models for the simulation and calculation of
the energy demand. Future research should therefore
focus on classifying time models in relation to
organizational profiles and cultures in order to be able to
set up more accurate building models and to plan and
simulate in a more goal-oriented manner. In addition, the
following research work should investigate the derivation
of the most suitable control strategy depending on
occupancy behaviour and building topology.

Information about user behaviour offers the potential to
improve energy efficiency (Nguyen, 2013). The lack of
consideration of this user influence in the design process
can be corrected by installing sensors and associated data
logging after commissioning. In this case, post-occupancy
evaluations offer the potential to identify potential
improvements after commissioning to initiate energy
efficiency improvement measures.
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