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Abstract:

The current methods of building energy simulation that designers & engineers (D&E)
use in order to find the energy performance of a building do not take into account the
real behavior of the people who will use the building. The main aim of this paper is to
show how by merely including the real behavior of people in building simulations there
may be differences of up to 30%, through the study of a real pilot site simulation with
existing software. These data confirm the possibilities of energy and money saving that
energy simulation programs bring about when they include schedules of true use of the
building (BIM).
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1. Introduction

Building simulation is a common practice in the industry. It has undergone a substantial
growth both in the academic world and the building industry since its emergence three
decades ago. Research in this field of building simulation is also abundant.

Moreover, much research effort within EU funded projects [1] as well as international
research action has been devoted to resolving the shortcomings of available building
simulations and automation programs and respectivBuilding Information Modeling
(BIM) approaches. Recent relevant EU projects such as HESMOS [2] or PEBBLE [3]
address these issues and try to make major breakthroughs in Building Information
Modeling, though they deal only to certain extend with the occupant factor. They aim at
monitoring and modeling occupant responses that are based on individual preferences
(comfort of the personnel) under specific environmental conditions [4] [5] [6] [7] [8]. A
system for building simulation that produces data about the activity behavior of
occupants as members of an enterprise structure and framework can significantly
improve the relevance and performance of building simulation tools. This is relevant for
engineering spheres, such as building physics, as well as for architects who can
analyze and evaluate the performance of a building design [9] [10] [11].

The particular issue presented in this article is a part of a project whose objective is to
increase the contemporary architectural frame by incorporating business and
occupancy related information, thus providing a holistic approach to the design and
evaluation of the energy performance of construction products at an early stage and
prior to their completion [12] [13] [14] [15].

The project aims to develop and validate a holistic energy performance evaluation
framework that incorporates architectural metadata (BIM), critical business processes
(BPM) and consequent occupant behavior patterns, enterprise assets and their
respective operations as well as overall environmental conditions.

The project structure, with occupancy behavior (presence and movement) as a central
point of reference, will align energy consumption points to all interrelated enterprise
aspects (business processes, enterprise assets and utility state and operations).

The project framework and tools will be thoroughly evaluated in terms of modeling,
simulation and energy performance with predictive precision, energy gains as well as
end-user acceptance, within two different pilot cases, carried out at a hospital and a
Multipurpose Office/Commercial Building, more specifically the ‘Clinica Universidad de
Navarra’ in Spain and the ‘Estadio Cidade de Coimbra’ in Portugal respectively.

In order to execute this study in the framework of the project, one of the pilot sites, the
Clinica Universidad de Navarr, has been modelled and analyzed. It is a mixed-use
building type that makes it very suitable for this study and allows the extrapolation of
the results to a wide range of building types. The Clinica is a large medical center
located in Pamplona, in the north of Spain, with recognized prestige in the scientific
community.
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2. Methods
2.1. General approach

Architects, designers and engineers (D&E) need tools that will assist them in creating
better and more sustainable construction projects. More specifically, during early
design phases the focus on Energy Efficiency should be on designing the most efficient
system, taking into consideration the many possible variables (health and comfort
performance, building costs, whole life costs, etc) and also including one of the most
important factors, that of occupant behavior. However, D&E lack the tools that will
assist them in the complete evaluation of the energy performance of alternative design
and making decisions to produce better and more sustainable construction products.

Building simulation has now been established as an integral part of the design process
and many simulation tools are available in commercial use and are considered
common practice by engineers. Building performance simulation programs must play
an important role in the early design process [16] [17] [18] [19] [20].

As far as contemporary research or available technological solutions are concerned,
there are no modeling & simulation tools which take into account the real effect of
occupants and respective occupant patterns. The available modeling methods and
systems do not deal with activities performed by occupants or with the resulting use of
space and movement [5] [21]. The most common form of input in modeling &
simulation systems regarding occupant presence is what are called diversity profiles.
These profiles represent the combined behavior of all occupants. A diversity profile
describes the presence of occupants and the corresponding energy loads stemming
from utility demands. Diversity profiles, however, have failed to propoerly understand



the dependency of occupancy patterns with overall environmental conditions or
temporal variations [22] [23] [24].

Due to the complexity of the problem of understanding user preferences and activities,
engineers and existing simulation and design tools, tend to eliminate the influence of
active building users as far as possible to optimize building performance, eventually
leading to assumptions about average user preferences and behaviors. This not only
results in rough and imprecise architectural designs in terms of the energy performance
of constructions during future operations, but also in fully automated systems without
interaction, poor performance and low end-user acceptance [6].

Uncertainties regarding the behavior of building occupants limit the ability of energy
models to accurately predict true building-energy performance during operation. Initial
results show that the predicted energy consumption changes by more than 150% when
using all high or all low values for what experts believe reasonably represents occupant
behavior [9]. Although numerous sources of modeling inaccurancies and over-
simplifications exist, contemporary technological solutions have failed to fully evaluate
the sensitivity of energy modeling results due to variability in occupant behavior.

Another shortcoming of building simulation tools is that most programs were originally
not intended to be used by building designers. They were designed to be used by
research scientists. Usage of these tools generally requires a steep learning curve and
as a consequence these tools are mainly used by domain experts [25]. “Simulation
tools are neither used to support the generation of design alternatives nor to make
informed choices between different design options, and they are neither used for
building and/or system optimization” [26].

Occupancy patterns in constructions of commercial use appear to be more
complicated, involving multiple individuals, gatherings, single or collective movement
patterns and different individual behaviors. Furthermore, in these same cases,
occupancy patterns display high correlation with business episodes and their
respective daily operations. Moreover, enterprises commonly experience changes in
occupancy patterns and ad-hoc requirements due to sudden alterations in business
processes as well as personal desertions To this end, the accurate capture and
analysis of the data on such trends for applications in enterprise modeling and
simulation it extremely useful. Detection of occupant presence has been applied
extensively in built environments for applications such as demand-controlled ventilation
and security, and occupancy profiles are widely used in building simulations. However,
the ability to determine the actual number of occupants in a predefined space, or
indeed the patterns of occupant movement, is beyond the scope of current sensing
techniques [27].

2.2. OpenStudio sofware tool

To perform the Building Information Models of the two pilot cases analysed in this
project, the OpenStudio cross-platform (Windows, Mac, and Linux) software tool has



been used. This collection of tools supports whole building energy modeling using
EnergyPlus [28].

One of the strengths of OpenStudio is that it is a free tool which is part of an open
source project to facilitate community development, extension, and private sector
adoption. The OpenStudio graphical applications include the SketchUp Plug-in [29], the
stand alone OpenStudio application, and ResultsViewer. It is a graphic energy
modeling tool and includes visualization and editing of schedules, editing of loads,
constructions and materials, a drag and drop interface to apply resources to spaces
and zones, a visual HVAC and service water heating design tool, and high level results
visualization [30]. OpenStudio also gives the modeler integrated access to data from
the Building Component Library. ResultsViewer enables browsing, plotting, and
comparing EnergyPlus output time series data. It allows building researchers and
software developers to quickly get started through its multiple entry points, including
access through C++, Ruby, and C#.

2.3. Pilot Site: Clinica Universidad de Navarra

The pilot site analyzed in this study is the Clinica Universidad de Navarra which is a
medical center and hospital with a high degree of medical specialization, constant
technological innovation and good teamwork.

It has been selected because: it is a commercial building with mutifaceted areas and
operations, consisting of sub-areas with well-defined daily business operations which
are highly correlated to specific “business” services, respective business episodes and
occupancy patterns. It also belongs to commercial areas of great importance and
difficulty for the D&E Industry. In this case, real enterprise data will be acquired,
monitored and analyzed concerning the actual space utilization and business scenarios
in order to train and calibrate the project simulation models accordingly.

The Clinica was created in 1961 and is part of the University of Navarra, a private non-
profit institution guided by Christian principles.Therefore, the research, teaching and
support are carried out together with the Faculties of Medicine, Science, Pharmacy and
Nursing and the Center for Applied Medical Research (CIMA).

In 2010, the Clinica carried out a total of 136,667 patient consultations and formalized
13,828 hospital admissions, with an average stay of 6.1 days. It also attended 9,616
emergencies, carried out 12,375 surgical operations, and recorded 84,767 hospital
stays, with the same average stay of 6.1 days.

The Clinica Universidad de Navarra employs over 2,300 professional staff. It has 400
beds with 16 operating theatres and 2 delivery rooms. It also has 12 adult ICU beds, 6
paediatric ICU beds and 12 for special hospitalization. For out-patients it has 254
consultation rooms and 154 examination rooms, all in 75.000 m2 of constructed space.

Since this is a complex building, several areas have been selected to model instead of
the whole building, while trying to reflect the mixed uses of uses of the building.

The eighth floor is proposed as a Pilot Area because the different activities involved in
the whole hospital use this floor of the building and could be studied as a scale
laboratory in order to reflect the mixed uses of the building: medical bays, medical



offices, administration offices, meeting rooms, hospitalization areas, consultation areas
and restrooms around a long corridor with open spaces used as a waiting area. The
selected areas of the floor studied in this project is approximately 3,500 square meters
and has over 150 occupants.

Fig. 4. External view of the Clinica Universidad de Navarra (Source: CUN).

As a result, for the eighth floor, four basic models have been made using default
OpenStudio templates: doctors and MIR offices; two MIR meeting rooms; the day-care
center, the dialysis area and finally the consultation area.

On the ground floor, we have chosen the whole area dedicated to coordinating hospital
admission (check-in, check-out and payment), near the west public entrance. There is
a main open space with some offices boxes without walls. The area is around 865
square meters with approximately 125 occupants.

During the preparation phase of the model, all the information was gathered thanks to
the architect in charge of the design of the selected area (construction materials,
surfaces, areas...). Moreover, many Clinica staff were interviewed. The loads (people,
lights, equipment) and the schedules gathered have been translated to OpenStudio
templates.
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3. Building Simulation Results

Modeling buildings as complex as those presented in this study present several
problems which only an expert in this type of software is capable of solving. A brief
description of the steps taken in order to solve this type of errors will be presented.

The first step is to simplify the geometry of the building as much as possible, so the
designers & engineers (D&E) have to clean the CAD plans in order to import it to
OpenStudio software. The CAD file contains many lines which may be confusing; a
schematic drawing with the basic shape of the building and the spaces is enough.

Similarly, complex forms or connections between spaces may to be avoided in order to
clarify the spaces. In the same way, if the number of zones and spaces is high, some
errors may occur, for example, the sudden crash of the program, or some surfaces
change their position when modifying their characteristics.

Fig. 10. Picture of the simplifications that D&E have to made in order to import the CAD file.

Due to these problems the designer should save the file every time that a change in the
geometry or properties is made to avoid a future error; if not the program may
unexpectedly cut out and all the progress made in the model will be lost.

Another drawback that should be addressed is the fact that it is not possible to select a
group of surfaces to assign a set of characteristics to the whole group. You are forced
to assign them one by one, which is extremely tedious if the model is complex.

3.1. Comparing Open Studio templates with actual data
The templates in OpenStudio are designed for specific building types and are loaded

with construction, schedule, and internal load data for various time-periods and for all
U.S. climate zones [31].



In version 0.10.0.10520 there are 17 templates available. These templates can be
customized to meet the designer needs.

Of all the templates mentioned above, two templates are used in the CUN pilot site: the
Hospital and Outpatient templates. Only schedules and internal load data for the
template were used in order to model the pilot selected area. The construction
materials and the characteristics of the surfaces were changed to be similar to those
already in place in the Clinica.

The model of the two MIR meeting-working rooms was made by first using the Hospital
template and secondly with the Outpatient one, in order to compare the differences
between these two templates provided by OpenStudio.

Then a more real simulation has been made with the data gathered in the Clinica using
the Business Process Models (BPM) made within the EU project, and the actual data of
loads (people, schedules, type of lights, number and type of equipment).

The following table shows the loads considered in both templates and in the model with
actual data.

The next figures represent the schedules that are assigned to the loads (occupation,
lights and electric equipment) in the templates as well as in the new model.

After this first approach to a more realistic model, the results regarding energy
consumption, and the addition of heat energy due to the loads, have been gathered
and are shown in figures 13, 14 and 15, and tables 3, 4 and 5.
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After this first approach to a more realistic model we have the results regarding energy
consumption, and the addition of heat energy due to the loads exposed in figures 17,
18 and 19, and the tables 3, 4 and 5.
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As shown in the figures above, the differences between the default templates provided
by OpenStudio and the new real template created with actual data, are of up to thirty%
higher for the heating and cooling needs.

4. Discussion

Despite the effort to make real schedules and loads in order to create a new
OpenStudio profile, this study is part of an ongoing project, so no tangible results have
been reached until the definitive and real monitoring of the pilot site is carried out. In
the absence of definitive monitoring data, there are a lot of uncertainities, so this study
gives rise to a discussion of the real importance of using occupancy patterns in building
energy simulation during the early design phases [32] [33] [34] [35] [36] [37].

The main unknown data before real data is gathered are occupant behavior, actual
weather and infiltrations [38], which is why many assumptions have been made to
design the schedules for lights and equipment. We cannot know whether the users
switch off lights or computers when they all leave the rooms in the morning. For the
same reason, the average values recommended by ASHRAE 2009 have been used to
consider energy consumption of computers and monitors [22] [39] [40].

The differences shown underline the need to make a prior accurate study of the real
human occupancy of the building, that is to say, information must be included in the

13



early design phases Business Process Models in order to simulate the energy
efficiency as faithfully as possible, since, as we have seen, the templates that BIM
software tools provide are not as precise as the energy performance needs. In
conclusion, the D&E has to gather more data on the different areas and design
schedules and loads closer to real use of the building [41].

In the same way, a prior study of the equipment, lights and schedules of use has to be
made to complete this simulation as realistically as possible, to include in the model
real HVAC systems behavior.

One of the main conclusions of this study is that it is possible to save a great amount of
energy by merely taking into account the occupancy patterns without architectural
changes, that is, with minimal financial investments [42] [43] [44] [45].

Energy-intelligent  constructions  incorporating  innovative  Information and
Communications Technology (ICT) will be able to efficiently adapt to occupant needs
and preferences, and maximize energy performance, while at the same time comply
with overall business requirements [46] [47]. This will be achieved through the fusion of
two (currently separate) worlds: Building Information Modeling (BIM) and Business
Process Modeling (BPM), with the occupants as the main catalyst. This fusion, among
other obvious advantages, will also allow for enhanced diagnosis and renovation of
existing constructions, and will generate infrastructures and simulation environments to
assess vartiants of the environmental performance of buildings, tools for dynamic
building evaluation during run-time, and assist in optimisation based on multi-
dimensional/multi-criteria constraints.

Once the project comes to fruition and the results have been contrasted, it will allow
energy savings with minor investment, so this study presents potential energy savings
in mixed-used buildings. In addition, it will allow the application of such results and
software in other areas of knowledge such as, for example, fire safety [48].
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