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Abstract

Recent application studies in real life projects have proven Building Information Modeling (BIM)
to be an effective catalyst in the Integrated Design Process (IDP) to achieve a higher
collaboration within the design team, and a better end result. BIM is a concept under
continuous development of its every aspect, and perhaps the most import one of these is its
applicability in the design phases and the teamwork between the architect and the building
service engineer. During the early design stages important decisions affecting a building’s
sustainability are made. Since buildings have to abide to legal obligations ensuring low energy
consumption as part of the strategy to reach the national goal of CO, neutrality by the year
2050, it is essential that the design team is provided with the best circumstances to ensure this.

The conventional document based CAD workflow between the architect and the building service
engineer causes remodeling and duplication, which can be eliminated through a proper model-
and information exchange in a BIM workflow. This thesis investigates the most important
differences related to these two workflows for the two mentioned parties. Which benefits, to
whom, by which means and with which drawbacks do the BIM workflow involve? Through a
case study of a daycare institution optimization of its indoor climate and energy consumption
has been performed through the use of IDP in the document based approach as well as the BIM
approach. An energy consumption calculation of the daycare institution, made in the conceptual
design stage in the simple building analysis tool Be10, indicated that the building meets the goal
of fulfilled the BR15 energy requirements. However, dynamic indoor climate simulations in both
Bsim and IES<VE> revealed that when fulfilling the indoor climate requirements the energy
consumption fell just short of the stated goal. Similar to findings in resent studies, this thesis
experienced that the energy consumption made in the dynamic building analysis tool IES<VE>
was significantly higher than the results obtained in the simpler Be10 software.

Investigations of this thesis concludes that model exchange from design- to building simulation
analysis tools primarily involve direct benefits for the receiver and more indirect for the sender
in the form of less rework and a better final project. Several geometry exchanges can minimize
remodeling, but exchanges between BIM based programs opens for more opportunities in
regard to analysis possibilities, and better interoperability between project participants. All
together the BIM approach mainly involves investments in the three areas of: software, training
and cooperation, which is also found to comprise its weakest elements. The tested software
does not fully provide the sought for exchange capabilities; and aside from proper training,
planning is essential to achieve cooperation through BIM and harvest the most benefits, if not,
the idea is lost and model remake is cumbersome and extensive. In the end, a short list of
suggestions for improvements of this is provided.
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Nomenclature

Abbreviation
AEC industry:
AHU:

BelO:

BCFZIP:
BIM:
BCF:
BR10:
BR15:

Bsim:

BSA:

BuildingSMART:

CAD:
CAV:
CR:

Daysim:

DBW:

DTU:
FEMDesign:
gbXML:

HESMOS:

Architectural Engineering, DTU BYG

Description
Architecture, Engineering and Construction industry
Air Handling Unit

Energy frame program developed by the Danish Building
Research Institute (SBi)

BIM Collaboration Format used for compressed files
Building Information Modeling

BIM Collaboration Format

The Danish Building Regulation 2010

Building Regulations expected to be the standard by 2015

Building simulation program developed by the Danish Building
Research Institute (SBi)

Body Surface Area

International standardization and developing organization for
building related software

Computer Aided Design
Constant Air Volume
Common Room

Simple daylight simulation tool used in connection with
SketchUp

Document Based Workflow

Technical University of Denmark

Finite Element Method Design

Green Building Extensible Markup Language (file format)

Holistic Energy efficiency Simulation and lifecycle Management
Of public use facilities
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HVAC:

IDM:

IDP:
IED:

[ES<VE>:

IFC:

ITO:

KG:
MBW:
MDO:
MVD:

N:
Naviate:
PV panel:
SketchUp:
TCD:

VAV:

Architectural Engineering, DTU BYG

Heating Ventilation Air Conditioning

Information Delivery Manual (information sharing specification
used in BIM)

Integrated Design Process
Integrated Energy Design

Integrated Environmental Solutions < Virtual Environment > (full
scale dynamic simulation tool)

Industry Foundation Classes (file format)
Information TakeOff (section of the Solibri software)
Kindergarten

Model Based Workflow (the working approach used in BIM)
Multi-Disciplinary design Optimization

Model View Definitions (used in IDM)

Nursery (common room for nursery kids)

Navigate and Aviate compressed

Photovoltaic panel system (solar cells)

Sketch drawing program developed by Google
Thermal Calculation by Design

Variable Air Volume
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1 Introduction

There are many demands that modern buildings have to live up to aside from the main purpose
of providing shelter form the exterior conditions. The architectural expression, construction
principle, cost efficiency and numerous other parameters are all pieces to the puzzle of the
overall modern building process, but perhaps the most important aspect in this is how to ensure
that a building provides a comfortable indoor climate for its occupants. Aside from definitions of
a good indoor climate the building code (BR10) also stipulates that any new or decent size
renovation project has to have a low energy consumption determined by the type of building
and the low energy class the building is to comply with. Fulfillment of low energy class building
regulations can be conducted in a variety of different ways which can be summed up in two
categories as either passive design measures or utilization of renewable energy sources.

Recent studies have shown that by using the Integrated Design Process (IDP) in building projects
this can lead to considerable advantages during the process and the finished project. By
including all parties of a building project from the very beginning, it is possible to interconnect
the knowledge and best practice principles within each field of the Architectural, Engineering
and Contracting (AEC) industry and through this collaboration take full advantage of the passive
design properties available in a given project. When executed correct, the integrated design
process can be used as a tool to ensure that the stated low energy goals of a project are reached
without jeopardizing any aspects of the project, but it requires a high level of collaboration and
willingness to break traditional working habits.

Building Information Modeling (BIM) can be used as a very effective tool and way of
collaborating with project partners in the integrated design process. Where IDP prescribes early
involvement of all parties in a building project and design decisions made on the basis of
iterative design loops, BIM is both the software tools to handle information sharing and much
more; it is the mindset that lies behind managing a building process even with conflicting
interests. The most efficient BIM process works though ensuring that information of the right
standard is shared at the right time to obtain a lean workflow and through a careful planning
process and information sharing where model duplication and collisions can be almost
eliminated. However, a full integration of BIM into the Danish building industry has yet to come,
whether this is due to lack of knowledge (comprehension of its potential), investments,
standards, unwillingness to change work habit or simply because a so called paradigm shift of
this magnitude takes time to fully incorporate is uncertain.

This thesis will look into what measures are being taken toward higher degree of BIM
integration in the AEC industry and what benefits can be gained through the use of BIM in
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relation to a building’s indoor climate and energy consumption. The hypothesis of the thesis is
described in the following:

“Utilizing the full potential of BIM and advanced building design simulation tools will enhance
the integrated design process related to a building’s energy consumption and indoor
environment between architects and engineers.”

As such there are two goals with thesis:

1. To optimize the indoor climate and energy consumption in a case study of a daycare
institution within its framework through IDP with focus on Integrated Energy Design
(IED).

2. Investigate the benefits and constraints of the BIM workflow compared to the

IM

“conventional” document based workflow in relation the process from the architectural
design to indoor climate analysis through different model transfer processes. Included in
the investigation is also a comparison of software to be used in these processes and

results obtained from these.

This is done for two reasons: 1) optimizing indoor climate and energy consumption within the
given limitations to fulfill the goals of the case and 2) investigate what measures have to be
done in a BIM approach in order for proper information transfers to work? Which tangible
benefits can be proven through BIM as opposed to the conventional document based approach
and to whom does this process benefit by e.g. eliminating remodeling? Based on this
investigation, potential suggestions of improvements regarding transfer of BIM or merely
geometry models from design programs to a building simulation program will be provided.

1.1 Scope of the thesis

Within the broad and complex fields of IDP and BIM delimitations is necessary to stay within the
time frame of the thesis. Therefore the focus of the thesis is on the collaboration and
information sharing between the architect and building service engineer in order to perform
Integrated Energy Design (IED). However, the term IDP will be used throughout the thesis as
other considerations also apply. The thesis focuses only on aspects involved with energy and
indoor climate in buildings as well as some available tools used to simulate these aspects in the
case study. Other aspects are inevitably taken into consideration and briefly described such as
the architecture and structural design, but the thesis does not concern direct preparation,
design or calculation of any of these fields. In the case study the indoor environment is
evaluated on the thermal- and atmospheric indoor climate as well as the available daylight in
three selected room types. As BIM is as much a state of mind and way of collaborating with
project partners, as it is the tools to be used to facilitate building information models, these two
aspects are both addressed in the thesis. The first one is mainly addressed in the state of art
section through literature study of the background theory, task groups, legal requirements and
initiatives etc. whereas the latter aspect is primarily dealt with in the investigation of BIM model
transfer section in the case study. Initially it was the intention that both the BIM mindset and
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investigation of tools would be addressed in the case study. However, since the actual case has
been effectively separated from the thesis new input and collaboration with other project
partners are only at a theoretical level after the separation from the actual case.

2 Background

This section describes the circumstances related to the thesis’ two main focus points of using
IDP to optimize the energy consumption and indoor climate in buildings and incentives to use
BIM as to achieve enhance the productivity and reach the project goals. The case of
Tranehavevej daycare institution is also briefly described as the basis of the case study in the
thesis.

2.1 Motivation

As a good indoor climate in buildings can be relatively easy achieved if unlimited energy
resources are available the questing is in fact not how to provide a good indoor climate, but
rather how to provide a good climate in an energy efficient manner? The energy efficiency and
reduction of CO, emissions are almost daily discussed in the media, because in affects us either
directly in the way we live our lives or indirectly through society and the world we live in. To
main factors are considered in relation to energy efficiency in buildings:

1) Global warming
2) Energy conservation and saving money

The main focus of IDP and BIM is to provide value for the project in which these processes are
used for the finished result as well as during the process itself. Their potentials in the AEC
industry have been proven to be immense but it is a concept under continued development and
full implementation is still associated with hesitation.

2.1.1 Global warming

There is now so comprehensive evidence regarding the reason behind a phenomenon of global
warming that scientists can almost certainly say that a raise in the Earth’s average temperature
it is caused by increasing concentrations of CO; in the Earth’s atmosphere as a result of
increasing use of fossil fuels [IPCC]. Global warming is often considered to be a vital factor in
relation to the occurrence of natural disasters and other negative effects of nature. Therefore it
is undeniable that some change has to take place toward slowing or reversing this unfortunate
effect before it is too late. In Europe, building services account for approx. 40% [IEA, 2009] of
the total energy consumption. So if the energy consumption in new buildings and existing ones
are reduced, this implies a huge energy saving and CO, emission potential. Measures toward
this are being done from a legislative point of view step by step every fifth year through the
building code, by tightening the allowable energy consumption of new buildings and renovation
projects of a decent size.
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2.1.2 Energy conservation and saving money

Throughout recent decades the price of fossil fuel based energy has increased significantly as a
result of limited energy resources [dst.dk]. Additionally, legislative actions has caused an
implementation of taxes on energy and a “punishment” in the energy frame calculation by
incorporating a primary energy factor to multiplied on energy used for building operations in
order to force builders to design energy efficiently. This means that energy used e.g. in the
buildings we construct continue to cost more money as well as damages our environment.
According to The Digital Construction (Det Digitale Byggeri) only 1% of the total costs
throughout a building’s life is used during its design phases (see figure 2.1). Constructions
accounts for roughly 10% of the total costs and the remaining 89% of the total costs are used
during the operation and maintenance of the finished building [DDB] & [NTI, 2012]. These 89%
of the total costs of a building represent a huge expense for building owners which can be
reduced.

Total costs of a building
throughout its life

M Design H Construction M Operation and
maintenance

1%

10%

Figure 2.1 - Relation between total cost for design, construction and operation & maintenance throughout the life
of a building (Source: [DDB]).

A research project at DTU points to the fact that through the use of IDP in an example with an
office building, 50% of the energy used for building operation can be saved by an increase of as
little as 7% of the construction costs [DTU-BYG 2008]. The results in this research project were
obtained through proper use of passive design properties and good collaboration all the way
through the design process of the building. This example illustrates that through little extra
effort spend during the least expensive stage in a building’s life it is possible ensure a large
future saving in the most expensive operation and maintenance stage of a building’s life.

2.1.3 Motivation to use BIM

Building information modeling is a working approach under constant development and full of
potential benefits for all involved parties in the AEC industry [@#G-DDB, 2012]. All around the
world task groups, agencies and governments are working on implementing the concept and
examples of projects to which this has been applied with success, continue to take place. As BIM
is a complex concept still under development, there are sub-sections of this, which can be
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improved and among these are the interoperability between architect and building service
engineer through model exchanges. If conducted correct, this can lead to considerable time
savings for the engineer and perhaps the architect as well.

2.2 Integrated Design Process

Briefly described, in the Integrated Design Process it is the intention that all major project
partners from architect, engineers, specialists to contractor(s) are assembled from the early
conceptual design stage of a project, in order to benefit from their inputs, ideas, needs etc.
which can entail the most optimized and coherent final project. Through iterative design loops,
a large number of options are investigated within each subject, simultaneously and
combinations of these form a space of solutions for the project. These solutions are then be
further investigated, evaluated and optimized until the solution which takes account of most
subjects and the relevant requirements in the best way, can be selected for further work.
According to a recent research project focusing on IED used to optimize building facades to
improve building’s energy consumption, it was stated that this process involves optimization in
three steps:

e Minimizing — concerns the geometrical optimization and utilization of passive properties
of a building and its orientation, functional organization, room- and window geometry
etc.

e  Optimizing —encompasses choice of all building components based on their insulation-,
tightness as well as daylight penetration capacities and optimization of the HVAC and
artificial lighting.

e Producing- focus on potential for incorporation of renewable energy sources into the
building’s architecture [Nielsen, M. 2012].

The first two steps reduces the building’s energy consumption, and the third step can be used if
necessary, for partly self-sufficiency and make the building almost CO, neutral. Furthermore, the
research project concludes that: “technical knowledge and inputs are essential to making
informed design decisions and do the right thing from the start” [Nielsen, M. 2012]. This states
the core of IDP and IED and reason why it is important to include all parties from the beginning.

2.3 Legal actions and BIM

The new Client Requirements (Bygherre kravene i IKT-Bekentggrelsen 1381), expected to be set
into effect April 2013, prescribes the use of information- and communication technology in all
government, municipal, regional and publicly owned dwelling projects which exceeds a certain
minimum contract price [retsinformation.dk]. In other words, use of Building Information
Modeling (BIM) will be increasingly required in these types of projects and possibly be
requested by clients in other projects shortly hereafter when the benefits in these kinds of
projects are seen and experiences are gained.
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Through research projects and real life cases BIM has been demonstrated to potentially involve
numerous benefits depending upon the degree of implementation and project size. The higher
degree of details in building information models and teamwork in the project team, the more
benefits are proven as a result [#G-DDB, 2012]. However, even isolated use of BIM tools by just
one party in a project can involve for that party or for the receiving party of the delivered
information. BIM is a concept subject to constant development and improvements both on the
software side and through task groups, research projects and real life applications where BIM is
applied and tested in all its sub sections. One of these sub section of BIM is the connection
between the architect and the building service engineer where correctly transferred building
information models can involve significant time saving and elimination of remodeling. But as
with other sub sections of BIM, there is still improvements to be done in this context.

2.4 The goal

Along with other European countries Denmark has a goal of being CO, neutral by the year 2050
[Energistyrelsen], [Bjerregaard, et al, 2011]. In Copenhagen the vision is to be the first major city
in the world to become CO, neutral already by the year 2025 [kk.dk]. Initiatives have ensured
that a 20% reduction compared to the 2005 emissions is already seen accomplished by 2011.
Likewise the municipal of Sgnderborg has vision of becoming CO, neutral be the year 2029
[projectzero]. These are all visions toward reducing our CO, emissions and dependency of fossil
fuels in order to reduce the global warming. Among the initiatives to reach these goals are
reductions of energy used for building operations.

The goal of IDP is simply to involve all project partners from the first design stage and
investigate spaces of solutions through iterative design loops and feedback from all parties to
achieve the best possible overall project outcome within the given boundaries.

The goal of using BIM can vary from one project to another, but overall BIM is used to provide
value to a project both during the process and to the final outcome. This is to be done through
information sharing, reuse of building models, risk sharing, collaboration, collision control,
generating quantity lists, sharing of project profits, managing construction etc. As practitioners
will become increasingly better at utilizing the benefits that a BIM approach has to offer it is the
goal that it will result in more cost-effective, buildable and sustainable buildings [Middlebrooks,
R. E.].

2.5 Concerns regarding energy calculation

The Danish building code stipulates that all new buildings must document their energy
consumption through an energy frame calculation made through the software program Bel0
(previously Be06). This measure is taken to ensure that all new buildings do not exceed the
energy consumption stated in the current building code. However, in recent studies [Alilou, et
al., 2011], [Petersen, 2012] and [Dethlefesen, et al., 2012] large deviations has been revealed
between Bel0 calculated energy consumption and measurements on the finished project. Both
studies proved measured energy consumption reasonably higher than predicted during the early
design phase in Bel0. All three of the studies above tested relatively large and complicated
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office buildings which are exactly the kind of buildings that constitute the main concern related
to the use of Bel0.

In a recent interview, research director Sgren Aggerholm from the Danish Building Research
Institute and one of the main creators of Be10 has been credited for saying that; Bel0 is only a
benchmark tool and it is only to be used for existing buildings, houses and small offices. It was
never intended for complicated buildings such as large scale offices. It is the engineers’
responsibility to determine when to apply Bel0, and when to apply more detailed tools [Alilou,
et al., 2011]. This statement raises concern to the way in which the software is used today as the
legal requirement for new simple, as well as more complicated buildings. It is intended as
merely a tool for simple benchmark estimations yet in some cases it is being used as a design
tool [Alilou, et al., 2011].

The positive aspect of Be10 is that when it is used for the intended purpose (simple projects)
Bel0 is a very handy tool by which engineers can use at an early stage for benchmarking and
with relatively little effort it can provide an estimate of projects energy consumption and
overheating hours. The simplicity of its setup and layout offers transparency for easy
comparison building projects in between. These features make Bel0 suitable in project
competition but it should be kept in mind, that the results the program provides are not
necessary the actual energy consumption or estimate of overheating hours. To perform more
accurate energy calculation a more detailed simulation tools must be used.

2.6 Concerns regarding BIM

As BIM is a concept of as well the tools to be used, and way to manage a work process
potentially involving numerous stakeholders, it can often result in a conflict of interests between
these, regarding access to and right of specific models. Each party will naturally be most
concerned with its own part in the project and tends to hesitate when requested to do extra
work for the benefit of another party. Therefore a sense of unity, accomplishment of common
goals and more enjoyable building process may be some of the incentives needed to address
this hesitation. BIM is a complex concept, which in a way can be expressed as a paradigm shift in
the way of managing a building process. What may seem as reluctance to convert to a BIM
based workflow in the AEC industry may simply be a result of a time consuming adaptation
process, as well as a necessity for fully development of the concept including tools, before
practitioners use this in a broader sense. There is little doubt that BIM can involve substantial
and tangible benefits [#G-DDB, 2012] for involved parties, but the main concerns in this context
is to develop the tools and foster the collaboration to enable achievement of the desired goals.
Interoperability between software programs for opposing uses is difficult because of different
needs and support of formats. Improvement of interoperability between software programs,
implementation of standards and familiarization with workflows are key issue to increase the
use of BIM.
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2.7 The investigation

Due to the vast potential of BIM in building processes and the Integrated Design Process in
particular, it is found relevant to investigate the current ways of reusing the design model for
building simulation analysis through model exchanges and possibly improve these. The
investigation is mainly based on the transferring process from the object orientated design
software Revit to the advanced dynamic building simulation software IES<VE>, because
although the model transfer between these are not strictly fully BIM based, they both support
the IFC format and thereby opens for a broad spectrum of BIM based analysis and cooperation
possibilities.

2.8 The case study of Tranehavevej daycare institution

The case study of the thesis is a new daycare institution which is to be located on Tranehaveve;j
15, 2450 Kgbenhavn S. Copenhagen Properties (Kgbenhavns Ejendomme (KEjd)) and
Copenhagen municipality (Kgbenhavns Kommune) are the clients on the case [Rubow1]. Rubow
Architects, Esbensen Consulting Engineers (energy and indoor climate) and Sloth Mgller
Consulting Engineers (static) are the consultants assigned for the case. Rubow has the turnkey
contract and has hired the other two consultants on the basis of their experience and resumes
in related cases. The total Tranehavevej project has a politically approved budget of DKK. 24
million [budget]. This means that it would included within the upcoming Client Requirements
(Bygherrekravene/ IKT-Bekentggrelsen 1381) if this had been taken into use, but it is not
expected to be so until spring 2013 [retsinformation.dk].

The following is a brief summary of the most significant points from the Building Program
(byggeprogrammet) [Rubow1] in relation to this thesis, the full building program can be found in
appendix A.

The Tranehavevej daycare institution (Tranehavevej) share its client, contract and design team
with another daycare institution located within close distance on Baunehgj Allé. Tranehavevej is
to be no more than 1050 m? with a maximum capacity of 111 children in six separated room:s.
One half of these rooms are for day nursery children age 1-3 (with 12 children and 3 adults in
each room) and the other for kindergarten children age 3-6 (with 22 children and 3 adults in
each room). In addition, the institution is to encompass all necessary facilities such as toilets,
kitchens, storage rooms, an office, wardrobes etc. The maximum allowable height is 25m,
however the property site on which the institution will be build is large enough for the required
outdoor activities even if the building is to be in only one storey. The open hours of the
institution are weekdays from 7 a.m. -5 p.m.

The building is to be in accordance with requirements of BR15, determined through a Bel0
calculation. This goal is to be met through passive design meaning preferably without renewable
energy sources, consist of primarily sustainable materials and contain only one fire section. In
addition to this a calculation regarding the most economic beneficial energy supply by either a
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heat pump solution or district heating is to be conducted. This calculation proved that district
heating is the most beneficial choice in this case according to Esbensen Consulting Engineers
[Esbensen]. An analysis is required for sun/ shade conditions in the common rooms and how to
best limit the direct solar radiation in these. The daylight conditions also have to be analyzed in
order to optimize this in the common rooms for the sake of saving energy on artificial lighting
and providing most natural light as possible. Likewise a transient indoor climate simulation is to
be made on the most exposed rooms with permanent working places in the institution.

Architecturally it is the intention that: “the project is developed with focus on inspiring spatial
experiences for children, good working conditions and architectural/ sustainable quality”. This is
to be conducted through an intriguing use of special definitions and separations inside and out
as well as having a solid architectural appearance in natural materials.

Determination of the location of the various functions has been made in a combination of the
architect, client and future users of the building. This has resulted in an organization diagram
which can be seen in figure 2.2, has formed the basis for the relative location of each function in
the final design of the building [Rubow1].
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Figure 2.2 — Organization diagram of the relative location of eéch‘function in Tranehavevej daycare institution.
(Figure: [Rubow1]). (Abbreviations: QR: Quiet room, WD: Wardrobe).
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2.8.1 Architecture, static and energy & indoor climate

The following four subsections are outtakes of the most significant architectural, static and
energy features of the project at the conceptual design stage, additional information can be
found in appendix A and B.

2.8.1.1 Architecture

The architects were hired through a turnkey contract, which means that they were the first to
come on board the project and make their initial sketches of the daycare institution based on
the building program and the organization diagram in figure 2.2, before the other two
consultants got involved. The architects designed the building in one storey with the six
common rooms and their associated facilities evenly divided in each end of the building. The
rest of the building functions, which accommodate facilities for children and adults in the
common rooms in both ends of the building, are conveniently located between these (see
ground floor plan figure 2.4). Rubow has chosen to accommodate the requested “inspiring
special experiences” through a focus on accessibility between outside and inside, as well as
related functions, dividing and diversifying separations of rooms and the facade which result in
small niches and shaded building parts. In more tangible terms the facade was designed with
variations along it i.e. the middle section is wider than the end parts and each common room
has wooden pergolas outside this to provide changes in the building fagade. These pergolas
serve as a visual break/change in the fagcade as well as providing scattered shadow areas. The
roof of the entire one storey building is build with a roof ridge and extruded skylight
constructions on top of this. This design approach conflicts with the integrated design process
by not including all parts from the beginning, thus these design measures are working slightly
against the concept of compacting a building’s design to minimize its total transmission area.
However, it should be mentioned that the architects did some redesigns of the floor plan layout
in order to work toward a more compact design, as well as relocating some skylights in the
middle section of the building to provide daylight to rooms without fagade access. In figure 2.3
is an axonometric illustration of Tranehavevej daycare institution and figure 2.4 is the plan
drawing and facility diagram of the building.
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Figure 2.3 - Axonometric view of Tranehavevej daycare institution (north is up).
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Figure 2.4- Top: ground floor plan of Tranehavevej daycare institution; Bottom: facility overview, the two common
rooms (CR1 and CR2) are for kindergarten kids and CR3 is for nursery kids.

Aside from the above, the some of the main exterior architectural features are sets of horizontal
lines perpendicular to the length of the building. These are seen in the alignment of the skylight
construction with the wooden pergolas outside the southwest facade in each end of the
building, these are illustrated in figure 2.5. According to the architects these features provide a

22



D. Lgvborg Architectural Engineering, DTU BYG

vivid and interesting construction with variations along it as opposed to a duller box shape. This
design feature should prove to be very essential to Rubow’s design and were unchangeable.

Figure 2.5 - Illustration of the southwest 1/3 of the building with three kindergarten common rooms.

The semi-transparent red rectangles outline the invisible horizontal lines on one of the common rooms made by
the skylight construction and the wooden pergola, the architect emphasized these as important architectural
characteristics.

2.8.1.2 Statics

Starting from the top; roof cassettes are spanning parallel to the length of the building, from
here the vertical load is transferred to load carrying wooden beams perpendicular to the length
of the roof. From the roof, load carrying wooden cassettes in the facade and elements of
lightweight aggregate reinforced concrete in the interior walls, transfers the load to the
foundation made of reinforced concrete and from here to the ground. The stabilizing horizontal
cassettes in the roof construction and floor slab absorb any horizontal loads and transfer these
to the exterior and interior walls and from here to the foundation and soil [Rubow?2].

2.8.1.3 Energy and indoor climate

As stated in the building program the objective in terms of energy consumption is to fulfill the
requirements stated in the building code for BR15. The atmospheric indoor climate of the
building is to comply with indoor quality class Il in standard DS/EN 15251 which is to be upheld
through increased ventilation rate when the CO, concentration approximates 1000 ppm. in any
certain room. The Air Handling Unit (AHU) will be located on a separate first floor on top of a
storage room in the center part of the building. From here the ventilation ducts are spread out
to each end of the building on in an enclosed horizontal ventilation shaft on top of the toilets
and storage room facilities (see toilets and storage rooms in figure 2.4. The thermal indoor
climate is set according to DS/EN 15251 class Il with a minimum temperature for heating 17.5°C
with ~1 clo and maximum for cooling 25.5°C with ~ 0.5 clo. In addition, BR10 prescribes
limitations for exceeding overheating hours as a maximum of 100 hours > 26°C and 25 hours >
27°C during the open hours of the week days between 7 a.m. -17p.m. These requirements are to
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be met in the most sustainable way; however it should be kept in mind that since it is a
kindergarten and not e.g. an office the occupants are free to move outside as they please if the
indoor temperature is too high.

In the summer months there is manually activated natural ventilated through facade windows
and skylights in the institution’s open hours on the basis of indoor temperature in each room. By
using a combination of the fagade windows and the skylight it is possible to take advantage of
the chimney effect and increase the ventilation rate this way. The natural ventilation rate is
determined in the building program to at least 2h™ which is used in the case. If this is not
enough to maintain the stated thermal requirements the mechanical ventilation will kick in and
start increasing the air change rate until a certain limit determined in the case study.

As part of the sustainable strategy heat recovery is used as reheat of the inlet air, three layer
energy glass windows are applied and a solar solution is to be determined in the case study. All
transmission coefficients are kept at a minimum to minimize the heat loss through the building
envelope; these can be seen in the list below.

According to BR10, all permanent working spaces need to have a minimum daylight factor of 2%
on any working level. This requirement is complied with through daylight factor simulations in
representatives for these rooms by one common room, the main kitchen and the office. (A
proposal for incorporation of a green roof on some sections of the building was raised at one
point from the architects, but this has been neglected in this thesis).

2.8.1.4 Building envelope
The building envelope described according to Esbensen is listed below and can be found in
details in appendix B.

Facade (U-value: 0.1 W/(m**K); total thickness: 0.5 m)

e 120 mm light weight concrete

e 350 mm insulation class 34, slotted steel profiles
e Wind plaster

e Ventilated cavity

e Pine wood cladding

Ground slap (U-value: 0.1 W/(m**K); total thickness: 0.7 m)

e 150 mm stone fill

e 250 mm insulation class 38

e Concrete deck

e 75 mm rigid insulation class 37 on battens 45 mm every 600 mm
e Linoleum floor

Roof cassettes (prefabricated; U-value: 0.1 W/(m?**K); total thickness: 0.87 m)
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e Asphalt roofing with under laying insulation and 400mm ventilated cavity
e 435 mm rigid insulation class 34 with 100 mm beams every 800 mm
e Acoustic ceiling

Skylight construction (U-value: 1.4 W/(m**K); total thickness: 0.39 m)

e Asphalt roofing with under laying insulation and 100 mm ventilated cavity
e 250 mm rigid insulation class 34 with 100 mm beams every 800 mm
e Acoustic ceiling

Windows

e Facade: 3-layer low energy glazing with a center U-value of 0.9 W/(m**K), g-value: 0.57
and LT: 73% (an average of 1.0 W/(m**K) for windows and door together)

e Skylights: 2-layer solar reflective energy glass with a center U-value of 1.1 W/(m**K), g-
value: 0.43 and LT: 71%. (See details in appendix C).

(Interior partitioning; total thickness: 0.15 m)
e Lightweight aggregate concrete

(Minor modifications to this have been made in order to fit different input methods, but all the
thermal properties remain unchanged).

2.9 Two important formats

2.9.1 IFCformat

&8
Industry Foundation Classes (IFC) is an open source standard information exchange format for
object orientated models such as BIM [DDB]. In Denmark IFC is the mandatory file format in all
building projects which is encompassed by the by the previously introduced Client Requirements
and the IKT-publication [bips.dk].
The IFC format has been developed over the past ten years by BuildingSMART which is an
international corporation of consultants, software suppliers and universities [bips.dk].
IFC contains semantically predefined content which stipulates a data structure for any part of
the building project by categorizing them into separate classes such as ifcWindow, ifcWall etc.
This information is then joined to their exact location and number of times they appear in the
project. The IFC structures further enables information to be associated with a specific
component such as a wall by attaching information about the different layers that together
comprises the wall. When a project is delivered in IFC format through a BIM model the project
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can contain information of a certain information level attached to the geometry model and
accessible to be used by the receiver. This creates a good coherence between various subject
specific models, eliminates redrawing and improves the information flow and interoperability
between business partners [DDB].

2.9.2 GbXML format
q L\ goXML

Green Building Extensible Markup Language (gbXML) is a Schema/ file format which contains
information about a building project stored in the building information model and developed to
enable transfer between various programs [gbXML]. The file format assists the interoperability
between a wide range of software programs such as Autodesk, IES<VE>, Ecotech, Bentley etc.
This means that if a 3D model is created correct according to certain predefined guidelines, the
geometry information stored in an 3D model can be exported from e.g. Revit Architecture/MEP
through the Revit to IES<VE> plug-in developed by IES into their software for building analysis.
The file format is developed to enhance sustainable buildings achieving their goals. Its
interoperability eliminates the need to redraw geometries in analysis tools, assists design teams
to make the best possible use of BIM and thereby saves the involved companies money in the
process [IES BIM 2011]. However, as of now (at least with IES) gbXML file format is limited to
information transfer from design to analysis tool and not the other way around, which could be
convenient after a suitable solution is found in the analysis tool. IES admits that the converting
process by which the gbXML format is used is not perfect and they are constantly improving on
this as well as looking into the possibly of using the IFC standard instead sometime in the future
[IES BIM 2011].
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3 State of the art

3.1 Building Information Modeling

As Building Information Modeling (BIM) is a very broad and relatively complex concept this
thesis will not go into details concerning all aspects of BIM. This thesis will primarily focus on
aspects of BIM related to design and planning phases in regard to mainly energy and indoor
climate issues in buildings. Issues such as execution and operation are briefly touched upon for
the sake of encompassing some of the countless opportunities of BIM. This section of the report
investigates the current state of BIM as well as its background/ theory, workflow, information
levels, challenges, benefits and incentives of BIM in relation to the Integrated Design Process,
and is giving one example of upcoming opportunities of BIM. However, this section should not
be regarded as a complete description of this sub section of BIM, but rather introduction to
most important characteristics, and aspects related to this thesis. In later sections of the thesis,
the practical use of BIM will be applied on a case study in relation to the main focus of the
thesis.

3.1.1 Background

BIM is the latest development of CAD technologies used to design, manage and share
information of building projects with project partners [Vestergaard, 2011]. In this context the
AEC industry is sometimes referred to as having gone through two major transitions or paradigm
shifts [@G-DDB, 2012]. The first major shift was going from manual drawing production toward a
2D CAD Document Based Workflow (DBW), where drawings are produced and send
electronically, but often printed out by the receiver and the information is handled manually.
Later this developed into production of 3D geometry with attributes handled separately and
then going toward the second major shift, where object oriented nD models* are “containers” of
all relevant information of a certain project, shared with project partners [Vestergaard, 2011].
The coupling of the latter two, models and information attributes, is really the key concept
behind BIM and a Model Based Workflow (MBW), which is the main reason for BIM’s wide
applicability- but also its complexity. Beneath is a list of the main differences between the 2D
CAD approach and the BIM approach according to Statsbygg in Norway.

'nD models refers to the fact that a 3D model may contain more information than building component attributes,
hence 4D models includes a time schedule, 5D models cost estimations and 6D model is the “as build” model
intended for handover to the owner for operation and maintenance [Wiki].
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Table 3.1 - Overview of differences between 2D CAD and BIM [Statsbygg].

| 2D CAD D BIM

Concept: Drawing Model

Closed source Can be open or
Operation mode: software closed
Data format: DWG and similar IFC
Working tools: 2D-CAD nD-BIM
Procedures: Drawing Modeling
Contract: Conflict Driven Risk Sharing
Mindset: My Deliverable Our Deliverable
Project partners: Producing Collaborating

In relation to table 3.1 it should be mentioned that the list reflect the way in which the
Norwegian consultant agency Statsbygg describes the differences between the two workflows.
However, as BIM is a very complicated concept, which may be applied in a range of different
ways and levels, not every part of the table may be relevant in all cases. To define BIM a little
better it may be divided into two main concepts:

1) Areinvention of collaboration between participants and managing a project (mindset).
2) An object orientated parametric design approach that enables information sharing
(software) [Schoch, 2013].

Together these two concepts comprise what will henceforth be referred to as the BIM workflow.
In an ideal and fully integrated BIM workflow, professionals from all fields involved collaborates
from the beginning and throughout the project to ensure that information of the right standard
is shared, nD building models are compatible and handled in and intelligent way, so all
participants can gain from this information and thereby bring value to the project [OpenBIM]. At
least this is the main intention behind BIM, but BIM itself does not suddenly provide the
answers to all the problems. Often participants are mostly interested in what they can gain
through use of BIM and are hesitant to do extra work for others, if they cannot see the direct
benefit of this for themselves. BIM does not guarantee collaboration, all participants has to be
willing to invest extra to gain extra through information, risk and profit sharing. This digital
information sharing can increase the project value in three main areas:

1) Construction of models, where data like e.g. geometry and attributes can be recycled
and shared.

2) Verification and tests of model properties are simulated for various purposes.

3) Documentation for construction and use of the container of information that can be
used for operation and maintenance. [Vestergaard, 2011].
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In this way BIM very well links to the integrated design process. The goals of these two concepts
are similar and BIM can be used as a powerful tool and way of managing a project which uses
the integrated design process. It should be mentioned that although BIM is still under
development, it has been proven, as will be described later that if implemented and executed
properly, use of a BIM workflow can provide significant benefits for participants and the final
product. These benefits are not only in the form of financial savings, but also quality assurance
and collision control, whereby “Errors can be eliminated in bits and bytes and not in steel and
concrete” [statsbygg]. By this is meant that if collisions and inconsistencies are discovered in the
design phases, fewer corrections will have to be made on the construction site, which
potentially involves a respective cost saving and possibly a better building.

3.1.2 Model types and information levels

When integrated BIM is used in a project, it involves many aspects that are normally not
possible to perform (documentations, simulations, structural analysis etc.) in one program.
Instead an abundance of software programs are available to be used within each activity to
perform different tasks. Det Digitale Byggeri (The Digital Construction) distinguishes between
two model terms “aggregate model” (feellesmodel) and “discipline model” (fagmodel) [DDB].
Where the first type is usually a reference model (often architectural model) all project parties
can refer to, the second type is specific to each discipline and contains only information relevant
to one professional field [OpenBIM].

In order to describe and keep track of the detailing level models are commonly categorized
according to their information level according to 3D working method (3D Arbejdsmetode) in The
Digital Construction. An illustration of this is found in figure 3.1.
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Figure 3.1 - Information levels of building information models. (Figure: [DDB] (see larger image in appendix D).

In figure 3.1 information level 0 comprise the clients requirements which goes ahead of the

design and modeling process, after that the following six levels describes an increasing level of
detail and number of building components with more accurate information applied throughout
the building process [DDB]. The following is a short description of each information level and in

which process stages each is applied:

Level 0 — Client requirements described in the building program. Can contain volumes and
terrain.

Level 1 — Conceptual design phase defines the building’s general inner and outer geometry and
overall functionality.

Level 2 — Project proposal for decision making. Describes building components on a general level
of e.g. exterior/interior walls, windows, slaps, roof etc. Each component has a form and a
location.

Level 3 — Preliminary project forms the basis for authority treatment. The model defines the
building’s general construction with the appropriate information.

Level 4 — Detailed design. Forms the basis for tendering, cost estimations etc. and information
on building components in order to make the necessary drawings and quantities.

Level 5 — Forms the basis for the execution. The building model has to include specifications on
building components and properties to be used in the project.
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Level 6 — Final model used for operation and maintenance, has to be modeled “as constructed”
[DDB].

3.1.3 Implementation challenges

Since BIM is both management of a workflow and utilization of various software programs it is
not something that can just be bought. A company may buy a software package, fit for their
professional needs, but knowledge on how to use and take advantage of the many opportunities
that a BIM workflow may involve has to be gained through examples and experiences. According
to a research project, three main investment areas common for all parties at any stage of the
building process are necessary for a company to be successful with BIM. These investments are
in the following:

1) The proper BIM software
2) Training and qualification of employees
3) Cooperation within the company as well as other companies. [#G-DDB, 2012].

The same research project concluded that the largest investment area of the three mentioned
was not in purchasing of software, but rather in educating staff and often expenses for
cooperation are neglected [@G-DDB, 2012]. Additionally, Cuneco which is the center for
productivity in construction in Denmark concludes in a “requirement analysis” of BIM in the AEC
industry that: “the (AEC) industry’s mental attitude and the cultural change is the main problem
in regard to implementing a BIM workflow (Det Digitale Byggeri), more that missing standards
and tools” [Cuneco, 2012]. This emphasizes that especially the change of mindset is what causes
hesitation by the industry. Companies naturally want to know what they go into, how to do it
and what they can expect in return for their investment.

The progress of BIM implementation in the AEC industry can be approximately illustrated by
Gartner’s hype curve seen in figure 3.2.
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Figure 3.2 — The Gartner hype curve. Gartner is an information technology research and advisory company in
Stamford. (Figure: [sciencedirect]. See larger image in appendix D).

Figure 3.2 depicts a graph common for many new technologies. When the technology (in this

|ll

context BIM) is first introduced it causes a steep curve increase of expectations until “peak of
inflated expectations” where it is discovered that this technology also contains constraints and
drawbacks. This causes the curve to decrease until “trough of disillusionment” which is a low
point of attention and applications which continue until “slope of enlightenment” where
information on how to implement and manage BIM is tested and standards are made accessible.
This results in a slowly but steady increase of attention to “plateau of productivity” because of
productivity increase following the knowledge and experiences gained in the previous stage by

e.g. independent task groups and research projects.

So thanks to initiatives to promote BIM (more on this in coming sections) we are now in
Denmark somewhere on the “slope of enlightenment” toward “plateau of productivity”. Many
companies are starting to see and feel the benefits of a BIM workflow which gives incentive for
other companies to follow along if they want to be able to compete and offer the same services
to their clients [@G-DDB, 2012].

Yet another challenge worth mentioning in relation to implementation of BIM and fully use of
IDP is the fact that in some sense the AEC industry is relatively conservative and reluctant in
relation to new working approaches [autodesk.com]. This is illustrated in the MacLeamy Curve
which depicts the main difference between a conventional (DBW) and a BuildingSMARTs (MBW)
in terms of where the majority of the effort is located. The MacLeamy Curve is depicted in figure
3.3.
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Figure 3.3- MacLeamy Curve illustrating the conventional building processes and the BIM process in relation to
time, effort, ability to control costs and cost of design changes. (Figure: [BuildingSMART.com], see larger image in
appendix D).

According to the MacLeamy Curve in figure 3.3, because an increasing amount of details are
documented throughout the project the ability to change is largest in the beginning of this and
the costs of design changes increases rapidly as the project progresses. Finally the “cost of
design changes” curve peaks in the construction phase because a design change here may cause
loss of loads of work and delays. The figure also depict that the largest amount effort in a
conventional process is reserved for documentation after a building is designed, because this is
often where the majority of the payment is made to the design team. The conventional
approach is not very effective in terms of getting the best building result in the end. Instead in
the IDP approach through the use of BIM the largest effort is shifted to the design and
development stages which provide more time an effort to be put into development and testing
of alternatives [MacLeamy, 2010]. With more effort shifted toward the design and development
stages more room is given to the iterative design loops which is essential in the IDP. However,
for this shifting of effort to take place a shifting in the percentage of the total budget has to
follow along so the design team is paid for their extra effort in the beginning of the design
process, if not their risk is too high if they are not involved in subsequent stages [#G-DDB 2012].

3.1.4 Incentives for BIM and legal requirements

As mentioned previously various independent Danish task groups such as Cuneco, Det Digitale

Byggeri (The Digital Construction), BIMbyen (BIMcity) are doing a large amount of research and
standardization work in Denmark toward increasing the awareness and use of BIM in all phases.
This is done by providing examples on how to manage BIM and what benefits the workflow can
provide. Among these standardizations are the Cuneco Classification System (CCS) replacing
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Dansk Bygge Klassifikation (DBK) as the new Danish standard in building classification systems
which is also internationally compatible [cuneco.dk]. The CCS structures and classifies building
objectives and assigns relevant information to these objects according to I1SO standards for later
management [NTI, 2012].

Also internationally there are BIM task groups and awareness incentives. In the UK the
government announced an intention in 2011, to require use of collaborative 3D BIM in its
projects by 2016, up to at least information level 2 [Wiki]. This is aided the UK by the BIM Task
Group, which states that they bring expertise from industry, government, public sector and
institutes to support and develop BIM [bimtaskgroup]. Also in the UK, NBS has developed The
National BIM Library, which is a free downloadable BIM library with more than 400 generic
objects covering all sorts of building components such as walls, roof and floors to be used
throughout the industry [nbl.com]. In other countries likewise initiatives are seen in Canada with
the Institute of BIM in Canada, and in Norway an alliance between six large consulting firms is
formed to increase the use of BIM [Wiki]. Finland is a pioneer in terms of implementation of BIM
because of its industry increasing use of a model based working approach since back in the
1970’es. However, the perhaps most important initiative of BIM is the international
BuildinSMART task group, which has branches into industries in many countries and helps these
with a large range of aspects related to BIM [BuildingSMART.com].

Aside from these task groups and companies, there are research projects such as “Measuring of
economic benefits of the Digital Construction” (Maling af gkonomiske gevinster ved Det Digitale
Byggeri” [@G-DDB, 2012] which is a large field analysis from the Danish AEC industry. In this
research project, four different cases with four different actors of varying sizes from the industry
were inspected, to see what actual tangible benefits they could measure through BIM workflow
regardless of the company’s prior BIM experience and implementation degree. The four cases in
the research project were:

1
2
3
4

BIM at a small architectural firm
BIM at a large consulting engineer company
BIM at an operator and construction and operator consultant

—_— — ~— ~—

BIM at a large contraction company

In all four cases a hybrid approach of the conventional DBW approach was used together with
the BIM (MBW) approach and in all four cases substantial benefits were demonstrated in several
aspects of the projects compared to using only the DBW. However, with such distinct different
ways of working as DBW and MBW, even if they can be combined, the right circumstance has to
be in place before the BIM working approach is adopted in a broader perspective in the AEC
industry. According to [@G-DDB 2012], aside from software which can produce and handle these
3D models, some or all of the following circumstances has to be in place:
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1) Legislative requirements for transition (Client Requirements?)

2) Standardizations

3) Motivation in the form of tangible benefits now and in the future?

4) The right knowhow to make use of the new opportunities this approach can deliver
(further training for existing employees and/or recruitment of new employees)

5) Real examples/ case studies illustrating how to implement and which pros and cons
are involved [@G-DDB 2012].

So if all this is in place, what are the benefits? According to [@G-DDB, 2012] the four case studies
all demonstrated benefits exceeding the company’s investment, when looking on company and
industry level and not just a single project. These benefits of implementation of BIM in one
company can be measured three different places:

1) Directly in the current project (project level)

2) Indirectly in another project in the same company (company level)

3) Derived in another company and possibly in other projects (sector/ community
level).

This means that if one company implements a BIM workflow it may provide benefits directly or
indirectly in that company because of e.g. recycling, quantity takeoffs etc., but when
information is shared these benefits can also be measured at the receiving end. If all benefits of
BIM at all stages of the building industry are included from cradle to cradle, there would be
countless, but among the more tangible and important ones in this context are: better design,
better model transfer to simulation software, collision control, extraction of data, increased
productivity, less duplication of models, reduced costs, fewer mistakes, project coordination,
faster delivery, better end result in regard to lower energy consumption, better indoor climate
and a higher user satisfaction [#G-DDB, 2012].

Finally the research project concluded that because conventional approach and the BIM
approach can be combined the change does not need to be a paradigm shift, the transition can
take place gradually. However, it was discovered that the largest amounts of benefits were
present in cases with the largest degree of implementation. Indeed, all actors in the four cases
preferred the BIM approach to the conventional approach after having tried it [#G-DDB, 2012].
This research project serves as encouragement toward implementation of BIM in the AEC
industry in Denmark in a broader perspective. In addition, the project also provides accessible
examples of how the four different actors in the four cases applied BIM in a project in their
company with meticulous details and experiences gained.

Legislative requirements are also involved in BIM by not only encouraging its use, but by making
it mandatory by the law. Such requirements are set forth in the Client Requirements
(Bygherrekravene/ IKT-Bekentggrelsen 1381- krav til anvendelse af Informations- og

2 (See more information in the Client Requirements (IKT-Bekentggrelsen 1381) later).
3 (See benefits measured in @G-DDB later).
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Kommunikationteknologi i statsligt byggeri). The official start date for the updated requirements
has been delayed several times, and is now expected to be postponed until start of April 2013*.
In brief these requirements concern use of information- and communication technology in
government building projects with a contract price that exceeds DKK 5 million and in municipal;
regional and public owned dwellings with contract prices exceeding DDK. 20 million for both
new building projects and renovations [retsinformation.dk], [NTI, 2012]. Furthermore, the Client
Requirement states use of the following in the above mentioned situations:

1) Use of CCS
2) Use of a project web in building projects
) Use of digital building models in 3D (BIM)
4) Use of digital tendering in trade and main contracts
) Use of digital delivery of case, operation and maintenance and operation
information
[retsinformation.dk], [NTI, 2012].

These are a few of the main requirements from the government and various stakeholders within
the AEC industry toward encouraging use of BIM. However, even though it is possible to use
lonely BIM as just one party in a project, this will only gain access to a small portion of the
benefits that BIM can offer. If a larger portion of the benefits is to be obtained it requires a high
level of collaboration within the entire project team. This is not easily implemented or managed
which is why Information Delivery Manuals are applied.

3.2 Information Delivery Manual

3.2.1 Background

As mentioned previously a fundamental element in the BIM workflow is the collaboration
between project partners through digital information sharing. This sharing of information ideally
follows what is called an Information Delivery Manual (IDM), which is not always implemented
but it basically describes the sub processes going on throughout a project, which partners
(architect, building services engineer etc.) are involved and which exchange requirements are
set for each information delivery in a building project in a standardized manner [bips.dk]. An
IDM is a process map which identifies when particular types of information are required during
either a building process or operation of a built asset [BuildingSMART.org]. In addition, an IDM
further presents detailed specifications of the information and time of which each individual
project partner needs to provide this and combines information required in associated activities
such as energy analysis, cost estimations etc. [BuildingSMART.org]. “The main purpose of an
information delivery manual is to make sure that the relevant data are communicated in such a way they can be
interpreted by the software at the receiving side” [BuildingSMART.org]. Thereby an IDM’s main purpose is to
provide value through a structured, standardized and well planned Information sharing process
in a certain project. For more information and standards on IDMs ISO 29481-1:2010 “Building

* Government building project with contracts exceeding DKK 20 million has been bound by these requirements since
2009.
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information modeling — Information delivery manual — Part 1: Methodology and format”
developed by BuildingSMART can be referred to. In a BIM project it may be chosen to use a
premade IDM or create a new one because the content may vary from one, building project to
another, in order for it to be most suitable.

Each exchange stage in an IDM results in a set of exchange requirements. These are then
applied in a single or a group of Model View Definitions (MVD) related to the project
[BuildingSMART.org]. Where the IDM specifies information delivery in terms of who is involved
and when exchanges/sharing of information takes place, the MVD translates the exchange
requirements into software requirements. This translation from exchange- to software
requirements are made to ensure that there is software to support the exchange requirements
in the form of an IFC-specific map which defines how each exchange can be accomplished using
IFC [Grobler, F., 2010]. For a MVD to be recognized by BuildingSMART as an approved standard,
it has to support at least two software programs — the sender and receiver of the exchange
[BSMART 2012].

All though very important in the BIM workflow, the exact generation and execution of IDM and
MVD are a bit complex, which is why an example is given in the following.

Example

The following example of how an IDM can be formed is from a research project with the title
“Holistic Energy Efficiency Simulation and Lifecycle Management Of Public Use FacilitieS”
(HESMOS). Figure 3.4 depicts where each major step in this IDM example is and on the
following page is an explanation of each individual stage.
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Figure 3.4- General process of Information Delivery Manual (IDM) (figure: [HESMOS] see larger image in
appendix D).

1) Discover processes and actors which are defined by their roles and an example of an
information process is symbolized in table A (in figure 3.4) with three project partners in
each their horizontal lane (A, B & C). The colored boxes in each lane illustrate where an
action needs to take place by the corresponding actor and the arrows illustrate who is
the sender and receiver in each delivery.
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2) Identify exchanges: The main iterative processes that require exchanges are symbolized
by red circles in table B in figure 3.4.

3) Create exchange requirements that determine what is needed at each exchange stage
for the information to be usable by the subsequent project partner to perform his/her
tasks.

4) Extend and combine these requirements to exchangeable requirement models.

5) Unify to a Model View Definitions (MVD), which explains the exact file format at
information level of each individual exchange in the IDM [HESMOS].

Following the creation of the IDM this has to be certified by BuildingSMART prior to use as
standard in an optimized process.

3.3 Surveys regarding the use of BIM in Europe

With all the fuss about BIM and reasons for and against utilization of it, an investigation on how
well BIM is adopted in the AEC industry is of interest. Information on this will give indication on
how well implemented BIM is and whether all the work from task groups and so forth have paid
off. Much of the information above about BIM is more or less universal for many countries in
the Western World or at least in Europe including standardizations and workflow. However, the
previously mentioned Client Requirements are based on Danish requirements as well as the four
case studies in research project [#G-DDB, 2012] are taken from the Danish AEC industry. It has
not been possible to obtain a relatively recent survey regarding the adaptation of BIM
exclusively in Denmark, rather the following information are from surveys regarding the British
[National BIM Library, 2012] and the Western Europe [McGraw & Hill, 2010] AEC industry in a
broader sense. The McGraw and Hill survey numbers are mainly based on surveys conducted in
England, France and Germany. Since these two surveys are not exclusively on the Danish AEC
industry and they are one to two years old the numbers cannot be considered to be exact
replica of the current situation in the Danish industry, but they may serve as indications and
possibly direction of development.

According to the National BIM Library survey of the entire AEC industry with over 1000
respondents they found that 48% of these were only just aware of BIM prior to the survey, 31%
were aware and current users of BIM but an entire 21% were unaware of BIM. This indicates
that there is still considerable amount of work to be done in regards to increasing the awareness
of BIM and with just about 1/3 of the respondents stating they are using BIM in some projects,
there is still a long way to go until the entire industry has caught up. For the sake of raising
awareness and increasing the use of BIM, the same survey fortunately points out that the
percentage of users of BIM (31% in 2011) had increased from just 13% in 2010 which indicates
an increase in one year by more than 100%. Of those who indicated awareness of BIM, 3/4
expected to be using BIM within one year in some projects and 19 out of 20 within five years.
These are interesting numbers, but should be considered as only indicative as outside
circumstances such as the financial crisis may cause change in this. The survey indicated that the
financial crisis was a factor causing hesitations in regard to BIM throughout the industry
[National BIM Library, 2012]. The McGraw & Hill survey indicates similar situation for Western
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Europe with 36% of their respondents having adopted BIM and in North America this
development is even more immense with 17% in BIM adaptation in 2007 to 70% in 2012 (from a
follow-up article, October 2012 [Construction.com]).

The two surveys conclude that there are practitioners, who have adopted BIM in all stages of
the AEC industry, but it is not divided evenly. Out of the 36% who answered that they use BIM
to some extend in some of their projects approx. 1/2 of these were architects, a little over 1/3
were engineers roughly 1/5 were contractors. Out of these 45% consider themselves to be
advanced or expert users [McGraw & Hill, 2010]. Both surveys show positive responses from
users of BIM whether they are new users of advanced the majority responded that BIM works
better than anticipated. The respondents further explain that BIM provides: increases
productivity due to easy retrieval of information (67%), increased cost efficiency (65%) and
speed of delivery (59%) and only 2% of the respondents replied that they do not prefer to work
with BIM [National BIM Library, 2012]. The National BIM Library survey ends up by stating that
the year before the survey was conducted they suggested: “BIM to be the future... It looks like it
might pay to get on board sooner rather than later”, and concludes that “BIM is increasingly the
present and it might be best not to get left behind”.

Although these two surveys are not taken from the Danish AEC industry they do express a
general positive attitude toward the use of BIM. Furthermore, it seems that even though the
adaptation throughout the industry is not evenly distributed among architects, engineers and
contractors it is growing popularity by the year and practitioners are positive about the benefits
this working approach can lead to.

3.4 Example of future opportunities with BIM

3.4.1 Background

As it was mentioned in the theory section, BIM is not a completely finished and ready to use
product or working approach. Various aspects usable in a BIM context are constantly being
developed and improved upon and one of those ideas that have been tested and are starting to
gain interests amongst software developers are the so called “Cloud Network” [IES BIM 2011]. A
Cloud Network uses a method referred to as Multi-Disciplinary design Optimization (MDO), in
which one main model is used for a wide range of simulations on a network of computers. By
utilizing the processing power of many computers as opposed to just a few as conventionally,
the design team can investigate many different scenarios simultaneously and make their final
design choice based on a much more informative background [IES BIM 2011]. The process works
by setting a large number of computers to simulate on the same building project, each of these
with small variations on a predefined set of parameters within a certain interval and with
specified design goals. This way the predefined parameters are simulated with a large number
of combinations, some of which might not have been investigated in the traditional manner, but
could potentially include a favorable solution [Stanford CIFE].
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3.4.2 Example

One example of utilization of a Cloud Network is in a housing project at Stanford University. The
project objective was to construct a number of new housing buildings on the campus area which
aside from the traditional functions ought to be minimizing life-cycle costs and carbon footprint.
The design team used these two objectives to optimize their simulations according to with the
following set of variable parameters to work with:

e Number of buildings (3 to 4)

e Number of stories (5 to 8)

e Shape of building — dimensions of each side of a H-shaped building
e Building orientation (0-360°)

(Other cases might involve investigation of completely different variables)
The following were constants that the final design had to fulfill:

e Gross floor area of 1.500 m*
e Distance to site perimeter: >20 m
e Distance between buildings: >20 m

These variables and constants combined represents the project’s design space (number of
design options) to 1.46*10™ [Stanford CIFE]. Initially the engineers optimized on the baseline
design of the buildings and came up with two scenarios illustrated by marks in figure3.5,
representing scenarios with most reduced life-cycle costs and reduced carbon footprint
respectively.
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Figure 3.5 - Life-cycle cost vs. carbon footprint of the initial design (baseline), reduced costs (blue) and reduced
carbon footprint (red). (Figure: [Stanford CIFE]) (See larger image in appendix D).
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In figure3.5 it is seen that the blue mark represents a scenario with reductions of approx. USD 4
million (~2%) and 9,000 tons CO, (~3%) in life-cycle costs and carbon footprint respectively. The
red mark represents reductions of approx. USD 17 million (~9%) and 3,500 tons CO, (~1%) in life-
cycle costs and carbon footprint respectively. Both of these (engineered) scenarios optimize the
original baseline design, but the design team was not content with results. Instead they used a
Cloud Network of computers to run 21.360 alternative design simulations simultaneously with
the stated variables and plotted the results on a similar graph as seen in figure 3.6.
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Figure 3.6 - Illustration of the 21.360 alternative scenarios simulated by a Cloud Network together with
the baseline design and the two previously optimized scenarios. (Figure: [Stanford CIFE]) (See larger
image in appendix D).

Figure 3.6 depict the many outcomes plotted on a life-cycle costs vs. carbon footprint graph and
their corresponding number of building and stories all generated through the use of a Cloud
Network. The graph illustrate that many of the plotted scenarios are less favorable than the
three scenarios from figure 3.5), but there are also quite a few that performs better than the
two engineered scenarios. This provided a much larger basis for the design team to make their
choices on compared to two engineered scenarios which are much like a traditional design
process.

As with much else there are certain constraints and drawbacks to this MDO approach and Cloud
Network such as specific knowledge on how to operate many simulations simultaneously as well
as access to a large computer network is required. In this case the total design time incl. set up
was increased by 20 hours (~12%) compared to performing only few engineered solutions, but
the many simulation scenarios resulted in a reduction of 27 million USD and 10,000 tons CO,
emission [Stanford CIFE].
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3.4.3 Discussion

It would seem that in reality it is not a question whether BIM has come to stay, judging from the
numerous benefits in all phases of the AEC industry in regard to the entire life-cycle of a building
project. This is underpinned by surveys proving that BIM is increasingly being used and
stakeholders expressing their satisfaction with this, not to mention legal requirements in
Denmark requiring use of BIM in all projects over a certain minimum size in certain building
types the future. Rather, the real question is, what details of the complex puzzle of BIM can still
be improved upon and how? As described, there are many aspects, requirements, standards etc.
to keep track of in each process stage of a BIM workflow for each party in the AEC industry, and
it involves use of a large suite of software tools. That is why, if BIM is to be used in a broad sense
standardization and development of proper IDMs are necessary in order to ensure a smooth
workflow and that the software programs used for BIM can communicate and transfer
information unhindered. Furthermore, knowledge regarding the necessary precautions in order
to make BIM work has to be available to project partners as well as what can be expected to
come out of a transition into BIM. Section 6 in this thesis looks into practical use of this based on
a case study by the use of integrated design process in relation to energy and indoor climate
simulations in buildings.

Furthermore, model checking software is necessary to check the consistency and
interoperability of various discipline models from different project partners in a building
process. Again, based on the same case study use of this type of software is investigated with
Solibri Model Checker in section 6.

As described BIM and IDM are both rather complex concepts which both involve an abundance
of sub-processes. How can we make sure that the AEC industry is not overwhelmed by all the
requirements and standards involved with BIM and make the transition toward this as smooth
as possible? As mentioned, task groups and research projects are making a tremendous piece of
work in this context, not least by giving examples on how to achieve tangible benefits. The
author believes that alongside the Client Requirements these examples are the key to providing
a breakthrough in the cultural change from the conventional document based workflow toward
a model based workflow and spreading it out in a broader sense to the AEC industry. BIM may
be the best concept in the world, but without these incentives the transition process until the
majority of the AEC industry has partly or completely adopted BIM will be prolonged, because
the transition requires investment and proactive actions to change traditions. An important fact
to keep in mind is that the focus of using BIM always has to be to provide an increased value to
the project and its main goal in the form of a better end result, but also through a better and
increasingly integrated overall process in order to reach the main goal.

Regarding the Cloud Network, this is an example of one new way of utilizing the many
possibilities of BIM. This approach can potentially aid the design team find the ideal solution for
a given task by using many computers simultaneouly with relatively few extra man hours. The
autors personal oppinion in this matter is that this approach seems to have destinct advantages
as stated in the Standford example, which will be sought for in the future. However, a working
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approach like this is still quite far from the way in which most practitioners in the AEC industry
works today. This is why the author believes that the BIM concept still has some way to go
before utelization of a Cloud Network is seen implemented in building projects on a regular
basis in Denmark and internationally. This is based the fact that BIM is still not fully developed
nor commonly adapted by the building industri yet. Additionally, specific knowedge/experience
in this field and a large amount of decicated computer capacity is necessary, not to mention that
it is only worth spending the extra time for set-up of simulations in projects above a certain
minimum size/price.

On the other hand, if an increased portion of releases payment of the total budget is made at
the beginning of a project as suggested in the MacLeamy curve in figure 3.3, the design team
would have more time to invest in this kind of approach. This might give practitioners the extra
incentive to invest in implimentation of this approach on company level as well as project level.
Taking the above considerations into account, the author believes that an MDO approach with a
computer simulating Cloud Network will be seen realized in the Danish building industry within
the next five-ten years, but it is not a subject investigated further in this thesis.
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4 Method

This section concerns a brief description of how the document based workflow and the model
based workflow has been approached. Included in this are short descriptions of the different
software having been used throughout the thesis, which of the two processes they are part of
and how and why they are important in this thesis.

4.1 Choice of programs and processes

The choice of programs used throughout the preparation of the thesis is based on being
commonly used programs in the industry and their being available to the author. The programs
used as examples in the document based workflow and the model based workflow respectively
as well as their order of use are illustrated below. (-->: indicates no model transfer on geometry
redrawn and information retyped; = : indicates geometry transfer, possible with information
attached).

Document Based Workflow (DBW):

e Energy: AutoCAD -- > Be10 (steady state simulation)

e Indoor environment: AutoCAD --> Bsim (dynamic simulation)

e Indoor environment: AutoCAD --> TCD (steady state one day simulation)

e Daylight: AutoCAD --> SketchUp = Daysim (daylight factor calculation)*

e Exchange test: AutoCAD - IES<VE> (only exchange test, no actual simulations)

e Exchange test: SketchUp - IES<VE> (only exchange test, no actual simulations)**

* The 3D SketchUp model was created based on 2D drawing from AutoCAD and the imported to
Daysim.** This process can exchange many of the same information as the Revit = IES<VE> in
terms of geometry and predefined building component, but since SketchUp is not a BIM tool
and cannot export IFC files it is located in this category.

The latter two test exchanges handles geometry transfer model, but it does not involve a proper
BIM information exchange as the next two ones does.

Model Based Workflow:

e Indoor environment, energy and daylight: Revit = IES<VE> (dynamic simulation)
e Consistency and collision control of model: Revit = Solibri Model Checker (common
checking method for subject models used for various purposes).

As can be seen in the two lists above the DBW is more cumbersome or has more limitations
than the MBW by either involvement of more programs, remodeling or no proper BIM
information exchange. Alternative processes such as e.g. Autocad --> IES<VE> could also have
been made, but would not involve any kind of model exchanges and is therefore not included.

4.2 Description of the building simulation programs
In table 4.1 is a list of the four building simulation programs used in the thesis, and below this is
a description of each of these.

45



D. Lgvborg Architectural Engineering, DTU BYG

Table 4.1 — Overview of used software during the preparation of the thesis, their respective simulation period and
project stage

Representative

simulated Simulated Program used in
Software geometry time period project stage
Conceptual &
Bel0: 1 room 1 day Project Proposal
TCD: 1 room 1 year Conceptual
day, week,
Bsim: 1 room month, year Project Proposal
day, week, Project Proposal/
IES<VE>: 5 rooms month, year Preliminary Design

4.2.1 Bel0

Bel0 is a software program developed by the Danish Building Research Institute (Statens
Byggeforskningsinstitut (SBi)). The program is used as the mandatory software to perform the
required energy frame documentation stated by the Danish building code (BR10).

Be10 uses inputs concerning the building envelope, internal gains, energy used for building
operation, and design temperatures of -12 °C and 20 °C outside and inside respectively, to
determine a building’s heat losses through a steady state calculation. With this information and
input about the building’s energy source the program determines the amount of energy to be
used for building operations per square meter as well as resulting overheating hours and
describes the amount of energy related to each part of the building operation.

42.2 TCD

The software Thermal Calculation by Design (TCD) is developed in relation to a master thesis
made at DTU by Heini Ellingsgaard og Anders Kastberg in 2009. The program is used to calculate
solar radiation and mean interior operative temperature over the course of 24 hours in buildings
in Denmark on a cloudless day. The program bases it calculations on relatively few input
parameters regarding the building envelope, orientation, internal heat gains, infiltration rate
and ventilation parameters and uses the calculation method from “Indeklimahandbogen”
[Indeklimabog] as well as solar radiation curves from DANMVAK-bogen [Danvak] [Ellingsgaard &
Kastberg]. TCD is an Excel spreadsheet consisting of one input section and six result sections
which comprises of the mean interior operative temperature and solar radiation curves for
various orientations inputted by the user.

The program bases it calculations on a situation with external mean, min. and max. temperature
inputs on a given date, while the user is prompted to input data for the windows and their
orientations in order for the program to calculate the solar radiation for that specific
room/building.

The mean interior operative temperature is a result of the internal heat gains in the room, the
exterior temperature, solar radiation, heat losses through transmissions to exterior and adjacent
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rooms and ventilation as well as the inlet air temperature in the HVAC system [Ellingsgaard &
Kastberg]. TCD calculates the mean interior operative temperature based on the following

formula:
— B — —
- Cu-Buttp-ok+t, Bi+¢
ti B, + By + 24
u | Y
t; Mean interior operative temperature over the course of 24 hours [°C]
ty Exterior mean temperature over the course of 24 hours [°C]
B, The thermal conduction between interior surfaces and the exterior, which is used to

calculate the transmission losses based on the exterior mean temperature over the
course of 24 hours [W/K]

t; Inlet temperature of the HVAC system [°C]

B, The ventilation air flow capacity used to calculate the ventilation losses from mechanical
ventilation and natural ventilation [W/K]

B; The ventilation air flow used to calculate the ventilation losses in through infiltration
[W/K]
(0] The average gain from solar radiation and internal heat gains [W]

TCD basis its calculation on what is called true solar time meaning that during summer one hour
is to be subtracted from regular time to get the true solar time. This is important when setting
up the time dependent solar shading.

4.2.3 Bsim

In brief, Bsim is another tool created by SBi like Be10 and the two are often used in
subsequently to one another [Esbensen]. Where Be10 calculates a building’s estimated yearly
energy consumption, Bsim simulates its indoor climate based on some of the results from Be10.
Bsim uses a weather data file specific for the project location in this case Copenhagen, Denmark
DRY. The simulated building/ room can be assigned with several thermal zones which can
encompass one or more rooms, and later each thermal zone can be evaluated separately. The
programs interface consists of two main elements; the project tree which is a list of the entire
project from Building level = room level = element level 2 component level and so forth, by
which it is easy to locate and modify single components. The second part of the interface is the
program’s visual representation of the project in the form of dots and lines (wireframe view)
illustrated in four different views. In this interface the user builds his/her project by
geometrically constructing the building in the wireframe view by measuring up from CAD
drawing or likewise, then insert attributes such as windows and doors and assign all building
parts with the proper building component. When the project is complete, it is ready for analysis
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in the program’s simulation engine tsbi5. After the simulation has run for the chosen time
period the user can choose which projects parameters to evaluate, and often there after go back
and modify one or more parameters to improve the results and rerun the simulation.

4.2.4 |ES<VE>

Integrated Environmental Solutions has created the dynamic simulation software Virtual
Environment — together IES<VE>. The programs consists various integrated building analysis
applications, which can be combined in different ways to accommodate the users requirements.
In the ModellT application the user can choose to create his/her own model or import and
existing one from another program. The program supports the gbXML, DXF and most
importantly IFC formats and allows import of geometry from modeling and drawing programs
such as Autodesk Revit, AutoCAD and Google SketchUp which will be elaborated on in the case
study sections of the report. The ModellT application can display a 3D wireframe representation
of the model geometry on three levels: 1) building 2) room or 3) surface level in which the user
can choose to edit in the model and assign building component material. The main simulation
engine of the program is the ApacheSim application in which room templates describing e.g. the
internal gains, air exchanges can be created an assigned to the respective rooms. The
ApacheSim application may be combined to a number of other applications, out of these the
most important in regard to this thesis are:

e ApacheHVAC for set up and control of the HVAC system and components
e RadiancelES for daylight and artificial lighting simulation

The program is mainly a tool to perform dynamic indoor environment simulations which can be
used to design control strategies after, but the program also gives results of energy uses divided
into categories where after the user can calculate the final energy use. The program is validated
to perform dynamic indoor environment simulations by EN ISO 13.791 and heating, cooling and
building envelope calculations by ASHRAE 140-2007 [Dethlefsen et al. 2012].

4.2.,5 Solibri Model Checker

In brief, Solibri allows the user to import one or more IFC models and test for quality assurance
and control against one or more chosen rulesets [Solibri]. This could for instance be testing for
collisions between two subject models of the same building, one being e.g. the MEP model with
the HVAC network tested for collisions with the load carrying structural system of a certain
building. Solibri might also simply be used for locating overlapping/ colliding construction parts
in one model and generating material lists for construction. After a collision has been identified
and corrected by the respective part, it is crucial for other parties in project to be able to
identify what changes have actually been made so other subject models can be streamlined.
This is possible with the “model comparison” ruleset where different models have each their
color in a visual representation. A report can then be generated with details on the changed
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properties such as quantities and type into an Excel file [Solibri] (see example in appendix E).
When the model(s) of question has run the analysis check against the chosen ruleset the
program provides a list of associated problems and their location. The program then categorizes
the problems into subjects and subgroups and displays where there are unresolved issues and
classifies its severity level into high, moderate or low. For instance collision control revealing a
pipe going through an architectural wall will be classified as low or moderate issue, where as a
pipe going through a structural wall will be classified as high severity [Solibri]. With this
information the user can locate each individual issue in the 3D model display and check whether
it is acceptable or has to be sent back to e.g. the architect for correction (see illustrations of this
in appendix F). Potential collisions can be associated with an illustration and a short description
of the issue, its status and who is responsible of correcting it. This can be presented in the form
of an Excel sheet, a slide show with notes, or it may be exported back to the respective partner
as a BIM Collaboration Format file (BCF(zip)). A BCF file contains only the information that a user
has selected and commented on, such as illustrations and notes of detected issues in the 3D
model in Solibri and not the entire model itself. This allows the file size to be just the size of a
text file [BCF1]. The receiver can subsequently open the BCF presentation/ report in Revit or
another modeling program and go through in his/ her own version of the model and correct
wherever necessary and resend the corrected BIM model back into Solibri for further check.
The correspondence back and forth between the design team participants becomes part of the
model’s history, by which it is possible to track responsibility of certain corrections in doubt
situations [BCF1].

The company CAD-Q, who distributes Autodesk products in Scandinavia, has developed a
software package including a plug-in for Revit called Naviate (previously CQTools). The name is a
contraction of the two words Navigate and Aviate, which symbolizes that the program aids with
complex problems solving in building models and thereby helps the user reach new heights
[CAD-Q]. This is the program to use when importing a BCF file into Revit to correct the issues
found in Solibri. However, the program can be used in a broad field of the building industry
including product development, architectural design, construction, electrical, plumbing,
contracting, landscape design etc. CAD-Q promotes the programs as being based on a lean
strategy meaning it is created to increase the efficiency of processes between e.g. programs
they distribute themselves. Besides the coupling between Revit and Solibri, the program has
functions to reduce duplications of drawings, quality assurance and data management and
automation [CAD-Q].
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5 Case study — Document Based Workflow

5.1 Energy consumption in Bel0

The energy consumption calculation made by the document based workflow has been carried
out in the previously introduced software, Bel0. All preconditions and the full energy calculation
can be found in appendix G (Bel0). The building code for low energy class BR15 buildings
stipulates an energy frame of 42 kWh/m?/year, plus extra in situations where special conditions
apply, such as usage hours of non residential buildings above 45 per week [SBi, 213].
Tranehavevej daycare institution has a usage of 50 hours per week and this releases an extra 1.3
kWh/m?/year and the total energy frame for this building becomes 43.3 kWh/m?/year . The
original Be10 calculation indicated an energy consumption of 42.5 kWh/m?/year. This
consumption is divided as follows in kWh/m?/year net consumption: room heating: 22, domestic
hot water: 7.9, cooling: 0.0 and the transmission through the building envelope excluding
windows and doors are 3.2 and the requirement is 5 so this is fulfilled.

The transmission coefficients of the building components are given in a list in section 2.8.1.4.

Ventilation

In the original Be10 calculation the building is assumed to have a mechanical air exchange rate
of 2h™ during winter and summer for all rooms, plus an additional expected natural ventilated
air exchange rate of 2h™. To minimize the energy consumption the ventilated air is assumed to
have a heat recovery factor of 85%, a SEL factor of 1.3 kl/m>.

PV panels

The original Be10 calculation indicated a necessity for 25 m” PV panel to be located on the
southwest roof on the central part of the building. The installation of PV panels was not initially
part of the building program, but due to the relatively large transmission areas of the building
envelope causing an exceeding energy demand compared to the BR15 requirements. It might
have been possible to eliminate the energy demand exceeding requirements without PV panel,
if the building had gone through a fully integrated energy design process from the very
beginning. From the very first presentation of sketches Esbensen Consulting Engineers had
concerns regarding the floor plan made in only one storey and the architects left few
opportunities to improve the building’s passive design. However, in a design process with
varying interests the most optimal architectural design might not cooperate with the most
optimal energy solution, and in this case lack of early involvement and flexibility resulted in 25
m” PV panel on the roof. The PV panel has a peak power of 0.14 kW/m?* and a system efficiency
of 0.8 (both values determined by a specialist at Esbensen and not questioned by the author).
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5.2 Daylight

5.2.1 Background

The Danish building code states that all permanent working areas must have access to sufficient
daylight at the working plane, meaning a daylight factor (DF) of 2% or higher. This calculation
has to be performed using the CIE overcast sky conditions at the day of fall equinox on the 21*
of September at 12p.m. by which the DFs are calculated on the working level (0.75m above the
surface of the floor). BR10 additionally requires that any working room should have a window
area corresponding to at least 10% of the internal floor area. The latter rule is fulfilled in all the
room types with permanent working areas. The rooms that have been chosen for daylight
simulation investigations are one of the common rooms, the kitchen and the office. The most
important one of these rooms are the common room in which a number of different designs
have been simulated to find a solution that would ensure the best possible daylight conditions
within the given overall design. Some of these design scenarios adjusted some of the exterior
design features, which was not in the interests of the architects and these proposals have been
discarded (but can be seen in appendix H). The following is a brief presentation of the simulation
method and some design proposals made to optimize the daylight conditions.

5.2.2 Method

Daylight simulations have been carried out in two different software programs at two different
design stages. The first one was in the conceptual design phase where the author performed a
number of various design proposals to ensure the best daylight conditions with the given overall
design. This procedure started with a simple SketchUp model which was transferred to Daysim
where the daylight factors were simulated and later the result file was re-imported into
SketchUp for display in the original geometric model. The results were then presented to the
architects at a planning meeting and used as basis for further actions (see these in appendix H).
The final designs have been simulated in the RadiancelES module of IES<VE> in what would
correspond to the project proposal stage with a higher accuracy level than seen in the process
designs in appendix H. The result of the final daylight simulations are found underneath a brief
description of the design process and limitation of each of the three rooms in figures 5.2 —5.4.
In table 5.1is an overview reflectances and light transmittance (LT) values used in the
simulations:
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Table 5.1 — Reflectances and light transmittance values used in the simulations.

Building component \ Reflectance [%] LT value [%] Comments
Roof (internal surfaces) 0.7 White surface
Facades (external
surfaces) 0.4

Relatively light surface, partially
Walls (internal surfaces) 0.55 covered by e.g. a bookcase
Floor (internal surfaces) 0.25 Dark gray flooring, linoleum
Facade windows 0.73
Skylights 0.71

Some light shines through the
Surrounding vegetation 0.65 leaves in the vegetation

5.2.3 Proposals

In the daylight simulation for each room the exterior conditions has been taken into account. In

the case of the office this involves a large tree nearby; outside the office there is a wall from the

middle section of the building perpendicular to the facade and next to the kitchen facade is a

roof cover extending from the main building to a tool shed roughly 6m from the main building.

In appendix H are large illustrations of the final results and some process designs. The most

important design limitation features and their change in the design process are:

Common room (7.5m * 5.9m: 44m’; orientation southwest):

e The wooden pergola construction in front of one half of each common room fagade.

Initially this was only 0.9m deep from the fagade, but ended up being 1.4m deep.

Simulations were made to illustrate that this would negatively affect the daylight

conditions in the room, but the architects went on with the idea to try to eliminate the
necessity of external solar shading.

e Skylights located toward the back corner of the room as opposed to the centre,

providing a dissimilar daylight distribution. Two proposals were simulated to relocate or

split the glass area up and align some of the glazing with the rest of the roof and give

light to the less lit corner. However, both proposals were abandoned and it was decided

to continue with the original design.
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Figure 5.1 — Section cut of the simulated common room. Wooden pergola construction in the front and skylight
construction in the back of the room.

Final daylight factors of the common room are illustrated in figure 5.2., it is seen that the
daylight factor is unfortunately not 2% in the entire room, but is it a realistic representation
under the given circumstances.

Figure 5.2 - Daylight factors in common room 3 (adjacent to the centre part of the building). The gray area outside
the window is caused by the wooden pergola.
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Kitchen (8.6m * 5.8m: 50m?, orientation: southwest):

e The architects insisted on no skylights here, so there is only one window and a glass
door in the fagade.

e These two glazing areas started out as being approx. % of the width of the facade but
were increased to approx. % of the width to increase the daylight near the facade.

e Qutside the room, toward the southeast is an approx. 1.7m wide pergola construction
belonging to the adjacent room.

An illustration of the final daylight distribution in the kitchen is seen in figure 5.3. The figure
illustrates that the 2% daylight factor boarder line is only approx. 2.8m into the room from the

facade and the rest of the room falls below the minimum requirements of permanent working
locations.

Figure 5.3 - Daylight factors in the kitchen in the middle section of the building. The kitchen is 8.6m deep and the
2% daylight factor boarder is roughly 1/3 (2.8m) of the way into the room from the fagade. (The dark marking next
to the door is the parapet; the windows are just over this).
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Office (4.5m * 2.9m: 13.3m? orientation: northeast):

3) Only one large window (1.5m x 1.5m) toward the northeast with an approx. 10 tall tree
relatively nearby, which could not be cut down. There were not very many design
parameters to change here, so it was decided to include consideration of locating the
workspace next to the facade interior design proposal.

An illustration of the final daylight distribution in the office is seen in figure 5.4. The 2% daylight
factor boarder line is seen to be approx. 2m from the facade. The main limiting factors for this
rooms daylight is the large tree in front of the facade.

Figure 5.4 - Daylight factors of the office. The boarder line of 2% daylight factor is approx. 2m into the
room.

Any design change in any aspect of a project will involve limitations and constraints because this
change may affect the work of one or more project partners and the total budget. Therefore any
change and related costs must be justified by the benefits this change brings to the project. For
instance relocating one square meter of the total skylight glazing area to be in line with the roof
and thereby spreading the daylight out further (as proposed), may increase the daylight
conditions. However, this relocation will involve extra work for modeling for the architect,
possibly extra calculation for the static engineer and extra costs for the entrepreneur and could
therefore turn out to be a non preferable solution. The lists of the three rooms above
demonstrate that several proposals were brought to the meeting table, but other considerations
weighted higher than the daylight conditions. In the end no major modifications could be made
to increase the daylight conditions, so the process was more a verification of the conditions than
an optimization of them.
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5.3 Requirements for comfort ventilation

This section contains hand calculations of the necessary air changes in the representative
common room, used for benchmarking for later simulations. There are basically three main
requirements that have to be fulfilled for comfort ventilation, which are: 1) the regulatory, 2)
atmospheric and 3) thermal indoor climate and the ventilation system are to be dimensioned for
the largest one of these.

5.3.1 Regulatory requirements according the Danish Building Code (BR10)

BR10 states that the indoor climate in daycare institutions has to comply with the following:
Common rooms in daycare institutions have to be ventilated by a unit that includes supply air as
well as extraction and heat recovery. The supply air has be a minimum of 3 I/s/child and a
minimum of 5 I/s/adult plus another 0.35 |/s/m? floor area. At the same time it has to be
ensured that the CO, content in the indoor air does not exceed 0.1 % (1000 ppm.) If demand
controlled ventilation is used, it is allowed to deviate from the specified air quantities when
there is a reduced need. However, the ventilation capacity in the occupied hours shall be no less
than 0.35 I/s/m? floor area [BR10].

The kindergarten section of the daycare institution (the southwestern half) is to be dimensioned
for the highest people load (22 children + 3 adults) compared to the (12 children + 3 adults)
[Bygpro. Tran]. Therefore one of the common rooms in the kindergarten section will serve as
the calculation example to determine the regulatory minimum requirements.

22 children * 3 1/s + 3 adults *51/s +0.35 |/s * 44 m*=96.4 |/s
Conversion into m*/h: 96.4 * ((3600 s/h)/(1000 I/m3)) = 347 m*/h
Conversion into air change per hour: Net volume: 144.8 m3, 347 m3/h /1448 m*=2.4h"

5.3.1.1 Atmosphericindoor climate

The atmospheric indoor climate is evaluated based on CO, concentration in a given room. CO, is
sometimes referred to as a “tracer gas” because it can be measured and its concentration
increases proportional with an increase of human activity. However, CO, itself is not the actual
cause of poor indoor air quality, but it indicates when the actual causes of poor indoor air
quality increases, which it does as a result of a rise in human emitted bioeffluents, such as
odors [Stephen, P.]. The CO, concentration limit in good indoor atmosphere is 1000 ppm.
according to ASHRAE standard. This means that if the CO, concentration in a room is higher than
1%o the air quality is regarded as being poor and may lead to fatigue and a sense of stuffy air.
The atmosphere contains a CO, concentration of approx. 350 ppm. which is therefore the lowest
achievable value to be obtained through regular ventilations systems.

The atmospheric indoor climate requirements are calculated on the basis of the standard DS/EN
15251. The kindergarten is categorized to be in the following category:

57



D. Lgvborg Architectural Engineering, DTU BYG

Category Il for low polluting building materials. Using the formula (B1): gt =N * gp + A * 0z, Qiot
= total ventilation rate of the room [l/s], n = design value for number of persons in the room [-],
g» = ventilation rate for occupancy per person [I/s/person], A = room floor area [m?], gz =
ventilation rate for emissions from building [I/s/m?]. With the values from table B.2 in the
standard this gives:

l l

4,2 0.7
gtot = 25 persons * g + 144,8 m2 * el ([15251] Annex B)

Oot = 206,4 |/s <> 743 m®/h

Converting into air change per hour: 743 m*/h / 144.8 m*=5.1 h"

This result however, only takes the number of persons and the building type (kindergarten) into
account and not the distribution of children and adults, which means that the number most
likely is a bit overrated. It will be interesting to see the actual air change needed to maintain a
CO, concentration of no more than 1000 ppm. stipulated in [THV1], in the indoor climate
simulations in Bsim and IES<VE>.

5.3.1.2 Thermal indoor climate
Requirements: Maximum: 100 hours > 26°C

Maximum: 25 hours > 27°C
(For conformability reasons it is made sure that the temperature does not drop below 20°C)

Internal loads in one common room (estimations):

Children: 80 W/ child * 22 children = 1760 W
Adults: 100 W / adult * 3 adults = 300 W
General lighting: 5W/m2*44 m2 = 220 W
Task lighting: 0.5W/m2*44m2 = 22 W
Total internal loads: = 2302 W

On top of this comes external heat gain from the solar radiation incident on the windows of the
common room. To estimate this, figure 5.5 shows the solar radiation on a horizontal southwest
facing facade, which is used to locate the peek time of day and load on a summer day in July
(red line in figure 5.5) with clear sky conditions. In this example only southwest fagade windows
are taken into consideration and the skylights facing northeast with an inclination of 30°
compared to a horizontal plane are disregarded. The reason for this is the example shows the
peak conditions and the sun will never shine directly through the southwest facing facade
windows and the skylights at the same time.
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Figure 5.5 - Direct radiant sun through vertical southwest facing non solar shading reference window (traditional
double glazed window consisting of 4 mm float glass — 12 mm air gap — 4 mm float glass) [Danvak] Red line: July
conditions, Blue line: September conditions.

The formula to calculate the solar radiation on a horizontal surface is:

(Dsun = A*fa *fc * (gcurrent/greference) * (fshad * It,direct+ It,diffuse) [W]

Where:

(O Solar radiation through the window’s glass area [W]
A: Gross area of the window [m?]

fa: Correction factor for the glass area, Agass/A [-]

fc: Shading factor [-]

Scurrent: g-value for the current window [-]

Sreference:8-Value for a standard reference double glazed window [-]

fohad: Correction for shadows on the window [-] (no shadows: fy.q = 1,0)

It direct: The direct sun energy density transmitted through the non-solar shaded
glass area of a standard double glazed window (reference window) [W/m?]

It diffuse: The diffuse sun energy density transmitted through the non-solar shaded
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window glass area of a standard double glazed window (reference window)
[(W/m?]

In this estimation the following values has been assumed:

A:10.1m?>.f,:0.83. f: 1/0.8/0.2. Eeurrent: 0.57. Ereference: 0.76. fopaa: 1. It girect: 480 W/m? (from
figure 5.5, 3 p.m. on a day in July). l; gitfuse: 30 W/m? (example).

First the solar radiation on the window with no solar shading are calculated:

Do = 10.1 m* * 0.83 *1.0 * (0.57 / 0.76) * (1 * 480 W/m? + 30 W/m?)
Dsun = 3206 W

Then internal solar shading with fc = 0.8 on all the window areas toward southwest:

Dyn = 10.1 m* * 0.83 *0.8 * (0.57 / 0.76) * (1 * 480 W/m?* + 30 W/m?)
(Dsun = w

Finally_external solar shading with fc = 0.2 on all the window areas toward southwest:

Dgn = 10.1 m* * 0.83 *0.2 * (0.57 / 0.76) * (1 * 480 W/m?* + 30 W/m?)
Dy, = 641 W

This example clearly illustrates the effect of internal and external the solar shading system. It
illustrates that if a shading system is used as opposed to leaving the thermal indoor climate
entirely to the ventilation system, it is possible to save significantly on the energy and thereby
also minimize the environmental impact. This will be illustrated further in various scenarios in
TCD and Bsim in later sections.

As a comparison, if the solar radiation were calculated on a clear sky day in September (blue line
in figure 5.5) when the sun is lower on the horizon but still very powerful, the result with no
shading is:

(I direct: 560 W/m?), Oy, = 3709 W.

When continuing the example with the solar radiation on a warm July day, no shading plus the
internal loads the result is: 3206 W + 2302 W = 5508 W.

The regulatory requirements states that the temperature should not exceed 26°C for more than
100 hours a year, so this is used as maximum and an inlet temperature of 16 °Cis used as
minimum. So it is now possible to make an estimate of the necessary airflow to maintain the
maximum temperature in this example through the following formula:

dcooling

(Dcooling =p *c* Qv >|g(text - tint) & quv = p * c * (text - tint)
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Where: Qcooiing: internal + external loads [W] p: density of air: [kg/m3], c: heat capacity of air [J/
(kg*K)], tex: exterior temperature [°C]. t;,: interior temperature [°C].
5508 W

V =
q 1.228.,1006-L-+(26-16)K
m

(@

Conversion into air change per hour: 1642 m*°/h / 1448 m®*=11.3h™

& q,=0.456 m*/ s => 1642 m’/h

(Using the situation with the external solar shading which is more likely the result is:

g, =0.2438 m*/ s =>877m*/h =>6.1 h).

Again this is the very highest exposed situation of internal and external load, but it gives an idea
of how much the room would have to be ventilated to maintain a maximum temperature of 26
°C.

However, over the course of a regular day the conditions will be much different due to
variations in internal as well as external loads. If the ventilation system were to run during the
nights of the summer period and thereby cool down the room air and room surfaces before the
start of the working day, the situation would be much different as will be illustrated in the
dynamic building analysis in later sections.

Summing up on the three different requirements the results are respectively:

Regulatory: 347 m’/h=2.4h"
Atmospheric: 743 m’/h=5.1h"
Thermal: 1642 m’°/h=11.3 h™

(incl. ext. solar shading: 877 m*/h =6.1 h™)

So the two first requirements are minimum values for air change in the common room, where as
the thermal indoor climate requirement is the maximum value in the peak condition. On a daily
basis the actual conditions will be very different due to variations in internal load and solar
radiation, but this serves as a dimensioning example of how high internal and external load
values may reach. More accurate results will be provided with simulations of the indoor climate
in Bsim and IES<VE>. This calculation serves as mere benchmark values for which of the
requirements that is going to be the decisive one in the dynamic analysis.
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5.4 Building calculations in TCD

5.4.1 Case

In this case TCD has been used as a design tool between the estimations made in section 5.3 and
Bsim simulations, but the design freedom was limited from the architects’ side, so only
alterations on the air change rates and solar shading are possible in order to influence the mean
interior operative temperature.

The case study in TCD is based on of the kindergarten common rooms (see figure 2.4) on a warm
summer day in July, where it is assumed that 2 of the 3 adults and 15 of the 22 children are
present in the room for 8 of the 10 hours the daycare institution is open. This might be a high
estimate considering that the occupants can go outside as they please. The people load is
assumed to be the standard 125 watts per adult incl. moisture and 65 watts per child incl.
moisture which is roughly 50% of an adult. (More accurate calculations will come in more
detailed sections later on). The ventilation strategy used is a combination of three different
types, which are determined on the basis of the formula for daily mean temperature given
[Danvak] on a cloudless summer day in Denmark to be 21°C £ 6°C over the course of 24 hours.
The day temperatures are then assumed to be between 21 °C and 27°C which gives an average
of 24°C and the night temperature are assumed to be between 15°C and 21°C with an average
of 18°C. The three ventilation components consists of mechanical day ventilation at 24°C, same
temperature as the natural day ventilation, and lastly the mechanical night ventilation is at 18°C.
An important point to state regarding the natural ventilation is that this is completely human
operable, i.e. the ventilation can only work in the daycare institution’s open hours of the week.
In the common room simulated in TCD and in a later section in Bsim, the operable windows and
doors are the small fagade window, the garden door and the skylights windows. To limit the
incoming solar radiation two types of solar shading devices are tested an internal and an
external one. These are set to activate at an incidence radiation of 100 W/m? and to be time
dependent according to its orientation and based on the solar radiation graph in TCD shown in
figure 5.6 below. The simulated common room has an adjacent room on one side, the
southwest facade has a glass area of 9.96 m’, the southeast facade has a glass area of 0.8 m’
and a roof 2.6 m” skylights. There is solar shading on the facade windows but none on the
skylights which are orientated toward northeast at an angle of 30° and have a 25% lower g-value
than the facade windows (see more details in appendix ).

The following three grahps shows the solar radiation in the room with (red) and without (blue)
solar shading:
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Figure 5.6 - Scenario 1, southwest facade, internal solar shading, factor 0.8. Active between 11 a.m. =7 p.m. true

solar time which is between 12 p.m. — 8 p.m. in regular time. Red: with internal solar shading. Blue: without any solar
shading.
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Figure 5.7 - Southwest facade, external solar shading, factor 0.2. Active when the solar contribution reach 100 W/mz,
which is seen is between 12 p.m. — 7 p.m. true solar time which is 1 p.m. — 8 p.m. in regular time. Red: with internal
solar shading. Blue: without any solar shading.
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Figure 5.8 - Southwest facade, external solar shading, factor 0.2. Active between 11 a.m. — 7 p.m. true solar time which
is between 12 p.m. — 8 p.m. in regular time. Red: with internal solar shading. Blue: without any solar shading.

In figure 5.8 time depending external solar shading it is seen on the blue curve at what time the
solar radiation is incident on the southwest fagade and therefore why the solar shading is
activate in that specified interval when the incident radiation reaches values above 100 W/m?2.
This method is used on the southwest facade to specify its corresponding solar shading
operative time interval.

According to [Danvak], in a heavy building with external solar shading and moderate internal
heat gains, temperature requirements in BR10 of maximum 100 hours above 26 °C and
maximum 25 hours above 27°C per year, should be satisfied if the daily mean temperature is
below 23°C. In this case the building is not a heavy building, although the ground slap and the
internal walls are concrete, the exterior walls and the roof are light weight and well insulated.
However, the 23°C will still be used as a requirement guideline for the maximum allowable daily
mean temperature in the simulated common room for internal and external solar shading, even
though it is expected that internal solar shading is not sufficient to meet the requirement. To
make sure that the occurring overheating hours, does not exceed the requirement values, the
room will have to be checked more thoroughly in more detailed simulation program such as
Bsim and IES<VE> in later sections.

5.4.2 Scenarios

All together seven different scenarios has been investigated on the basis of the results from
section 5.3 to get an indication of the best sunscreen solution and ventilation strategy to reach a
mean daily temperature below 23 °C.

Common conditions in scenarios:

Internal solar shading factor (sf): 0.8. (In scenario 3 a sf value of 0.7 is tested).

External solar shading factor(sf): 0.2.

Max solar contribution for solar shading to activate: 100 W/m?

Day open hours from 7 a.m.=5 p.m. (10 hours), night hours is set to 5 p.m.—7 a.m. (14 hours).
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Natural ventilation is only available during open hours from 7 a.m.—5 p.m.

The solar shading is automatic and in all scenarios the solar shading is active on the south facade
between 6 a.m. —1 p.m. (based on the solar curve for that orientation) and on the southwest
facade the solar shading is active between 11 a.m.—7 p.m. except for scenario 7 which is stated
later.

Keep following determinations in mind, which are momentary values from DS/EN15251 indoor
category Il:

e Atmospheric indoor climate air change rate: 5.1 h™**
e Thermal indoor climate air change rate: 11.3 h™ *(ext. sun shading: 6.1 h™)*

*All air change rates are incl. natural ventilation determined in [THV1] to be 2 h™.

The seven scenarios listed below display results of mean indoor operable temperatures over the
course of 24 hours:

(The ventilation are written as follows: mechanical vent./ natural vent. (daytime)/ night vent.)
Comparison of the seven scenarios are found in figure 5.10.

Table 5.2 — Overview of the seven scenarios.

External
solar Daytime Natural Night Cooling
Internal solar shading: ventilation  ventilation  ventilation day/night
shading: sf=0.8 sf=0.2 rate [h-1] rate [h-1] rate [h-1] [°C]
Yeil X - 3 2 3 -
SC2 X - 9 2 9 -
SC3 # x (sf:0.7) - 9 2 9 -
SC4 - X 3 2 3 -
SC5 - X 3 2 5.6 -
SC6 - X 3 2 4 /16*
SC7 ## - X 3 2 4.2 /16*

# same as SC2 but sf:0.7
## same as SC6 but the external sunscreen active from 12 p.m. - 6 p.m. true solar time. (See figure 5.9)

* 14 hours night cooling; ** 10 hours day cooling

Figure 5.9 below illustrate the sun curve with the solar shading activated according to scenario
7. It is seen that more solar radiation is incident in the room compared to figure 5.7.
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Figure 5.9: Scenario 7, solar shading active from 12 p.m. — 6 p.m. true solar time, 1 p.m. -7 p.m.

5.4.3 Results

Table 5.3 — Scenario 1 - sf: 0.8, ventilation: 3/ 2/ 3 [h'1] (no cooling), (almost same as the atmospheric indoor

requirement).
Mean temperature over 24 hours period °C

No solar shading: 27.6

Inc. time-dependent solar shading int.: 26.8
As expected this scenario does not satisfy the requirement.

Table 5.4 — Scenario 2 — sf: 0.8, ventilation: 9/ 2/ 9 [h'l] (no cooling), (almost same as the thermal indoor
requirement peak value).

Mean temperature over 24 hours period ‘ °C ‘
No solar shading: 23.6
Inc. time-dependent solar shading int.: 23.2

Even with the mechanical ventilation rate increased by a factor 3 to comply with the thermal
indoor requirements, this is still not enough to reach a daily mean interior temperature below
23°C. Therefore the next scenario is with a more effective interior solar shading factor.

Table 5.5 — Scenario 3 — sf: 0.7, ventilation: 9/ 2/ 9 [h'l] (no cooling), (almost same as the thermal indoor
requirement peak value).

Mean temperature over 24 hours period ‘ °C ‘
No solar shading: 23.6
Inc. time-dependent solar shading int.: 23.1

In table 5.5 it is seen that the improved interior solar shading factor is still not enough to keep
the mean interior operative temperature below 23°C. External solar shading is tested next.
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Table 5.6 — Scenario 4 — sf: 0.2, ventilation: 3/ 2/ 3 [h'1] (no cooling), (almost same as the atmospheric indoor
requirement).

Mean temperature over 24 hours period

No solar shading: 27.6

Inc. time-dependent solar shading ext.: 24.5
The external solar shading lowered the mean daily temperature by 2.3°C compared to scenario

1, but the requirement is still not met.

Table 5.7 — Scenario 5 — sf: 0.2, ventilation: 3/ 2/ 5.6 [h'1] (no cooling), (almost same as the atmospheric indoor
requirement and increased night ventilation).

Mean temperature over 24 hours period °C

No solar shading: 25.2

Inc. time-dependent solar shading ext.: 22.9
Table 5.7 illustrate that to fulfill the requirement below 23 °C without cooling, a mechanical

ventilation rate of 5.6 h™ at night is necessary if the daytime ventilation rate is maintained.
However, this requires a much larger ventilation system, so adding cooling to the inlet air is
tested in the following.

Table 5.8 — Scenario 6 — sf: 0.2, ventilation: 3/ 2/ 4 [h'l] (14 hours night cooling at 16°C).

Mean temperature over 24 hours period ‘ °C

No solar shading: 25.6

Inc. time-dependent solar shading ext.: 22.9
Table 5.8 illustrate the necessary ventilation rate at night if the inlet air at this time is cooled to

16°C and the average daytime ventilation temperature remains at 24°C.

Table 5.9 — Scenario 7 — sf:0.2 active from 12 a.m. — 6 p.m. instead of 11 a.m. — 7 p.m. as the other scenarios.
Ventilation: 3/ 2/ 4.2 [h'l] (14 hours night cooling at 16 °C).

Mean temperature over 24 hours period ‘ °C

No solar shading: 25.4

Inc. time-dependent solar shading ext.: 22.9
Table 5.9 illustrate that if the external solar shading is activated from 12 p. m. — 6 p.m. and

thereby one hour less in each end (two in total) of the activation period of the day, the
ventilation rate has to be increased by 0.2h™. This is not very much, but keep in mind that the
solar shading only affects the occupants one of the two hours because the other hour is at the
end of the activation period where the occupants are not present.

Figure 5.10 below illustrates a comparison between the results of mean interior operative
temperature in the seven TCD scenarios.
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Figure 5.10 - Comparison of mean interior operative temperature results from TDC scenarios. Keep in mind that the
goal was to reach a value just below 23 °C.

All together the seven scenarios above demonstrate that external solar shading is necessary in
combination with either a relatively high ventilation rate (5.6h™ during night) or night cooling. It
is hard to decide, based on the above results, which of scenario 5, 6 or 7 is the best solution
when considering energy consumption for cooling versus a larger air handling unit; this will have
to be determined in a more detailed dynamic simulations. However, it seems that night cooling
might be a good solution and this information will be used later on.

Figure 5.11 illustrate the various air change rates from legal requirements and TCD scenarios
compared to each other to illustrate these more clearly. In figure 5.11, the terms VAV is used in
the sense that the ventilation is changeable from day to night with given operation periods.
However, it is not VAV in the sense that there is no room sensor which can adjust the flow rate
in the middle of these operation periods, which means that the flow rate is effectively constant
during the entire day and the entire night.
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Figure 5.11 - Comparison of required air change rates from BR10 and TCD scenarios 5, 6 & 7 (taken on a warm 24 hours
period). (Day ventilation rate incl. natural ventilation/ night ventilation rate [h'1]).

It is seen in figure5.11, that all air change rates from TCD are roughly the same as the
atmospheric requirement at day (5.0 compared to 5.1 respectively). At night scenario 5 (no
cooling) increases ventilation rate. Scenario 6 (nigh cooling at 16 °C) decrease the total
ventilation rate but increase the mechanical ventilation rate from 3h™ = 4h™, much like scenario
7 which increases ventilation rate to 4.2h™ because the external solar screen is activated one
hour less in each end of the activation period.

5.4.4 Sum-up

The few input parameters and instant calculation time makes TCD smart to use at the very
beginning of a building design process, by providing mean indoor temperature values it can be
used to provide indications on which way to go in relation to window properties and building
envelope parameters, if indeed proper design freedom is available to the engineer. However, it
should be stressed that TCD is not meant as, nor is it thorough enough to be used as the only
calculation tool, but merely as an indicative design aid at early stages. Furthermore, because
TCD only offers results in mean interior operative temperatures over the course of 24 hours and
no indication of interval size by which this mean daily temperature is taken from, nor number of
overheating hours, this software is not sufficient as basis for ventilation dimensioning.
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5.5 Building simulations in Bsim

&

As part of the document based approach the software tool Bsim is used to perform indoor
climate analysis on the daycare institution case study. The indoor climate calculation in Bsim has
taken place as part of the project proposal stage after the energy calculations in Be10 made in
the conceptual design stage. This means that some of the inputs have been reused and others
like e.g. the inlet air changes of the ventilation system are detailed much more at this stage
because of this program’s dynamic and much more detailed simulation.

This section gives a run through of the model used for simulating the indoor climate for the case
study. Three alternative scenarios are made and meant to be presented for the architects, for
them to use as basis for detailed design of the common rooms as well as an evaluation of Bsim
software.

5.5.1 Technical specifications of the model

Bsim version 6. 10. 7. 5 has been used for this thesis. As representative for the building’s most
critical room (Common room 1), in terms of thermal indoor climate, has been chosen for the
analysis. Figure 5.12 depicts the location of the simulated common room in the southwest
corner of the building. This room is chosen due to its exposed position in regard to solar
radiation, no shading objects outside the room aside from the pergola, and relative high indoor
heat load from occupants.
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Figure 5.12 - Planview of the daycare institution. The analyzed common room is incircled by red in the lower right
corner.

The Bsim model consists of one thermal zone where the quiet zone and the large room are
modeled as one. All building surfaces face the outside except the two adjacent to the other
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rooms which are set to face similar conditions as in the modeled room. The simulated room is
5.9 m * 7.5 m (width * depth) ~ 44 m? in floor plan and has a volume of approx. 144.8 m>. Due to
limitations of the simulations software the concave room has been simplified around the

skylights which can be seen in figure 5.13.
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No. 4: Large window, fixed
No. 3: Door

Figure 5.13 Illustration of the analyzed common room 1 in the Bsim wireframe interface.

The transmission coefficients of the building components and glass properties are seen in table
5.10.

Table 5.10 - Building components transmission coefficients and window properties.

Gross area/

Buildin U-value total U-value center

enve|o§e [W/(m**K)] w/marky)  EVANeD LTH o area md)
Roof: 0.1 - - - 52.5/-
Facade: 0.1 - - - 49/-
Windows: 0.95 0.9 0.57 0.73 10.8/9
Skylights: 1.2 1.1 0.43 0.71 2.7/2.2
Ground slab: 0.1 - - - 52/-

(See details on the windows in appendix C).

5.5.1.1
Lighting:

Occupant load:

Standard people load: 125 W/person (25 W/person is moisture).

Internal heat load

General: 0.22 kW (5 W/m?), task: 0.022 kW (0.5 W/m?)

Initial assumption by Esbensen: 140 W/person for children in a daycare institution, based on an

assumption of a very high activity level.
An estimate calculation has been made to check a more accurate people load in the daycare

institution in the following:
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In peak situations, there are 25 people in total in the common room, hereof 3 adults and 22
children. The adults are estimated to have an activity level for sedentary activity of 1.2 met and
clothing of roughly 1 clo this results in a metabolic rate of 70 W/m?[Indoor climate 11222]. The
activity level of the children is estimated to be a bit higher, between light and medium
corresponding to 1.6 met and 93 W/m? at light level and 2.0 met and 116 W/m? at medium level
[Indoor climate 11222], both of them with an assumed clo value of 1. Assuming that the 25% of
the children has a medium activity level and the rest is light the resulting average metabolic rate
is 99 W/m?. This is then multiplied with the Body Surface Area (BSA) which is given through the
following equation [Wiki]:

BSA: 0.007184*W°** * H*7% W weight in kg, H: height in cm.

Assumptions: adults: 70 kg, 170 cm
Children (5 years on average): 17 kg, 105 cm [sundhedsguiden] (se appendix J).

BSA, adult: 0.007184*70%** * 170°'* = 1.8
BSA, child: 0.007184*17%** * 105%% = 0.70

Heat production:

Adults: 70 W/m?®*1.8 m*~ 127 W/person
Children: 99 W/m?*0.7 m®~ 69 W/person
Total: 127 W *3 adults + 69 W * 22 children =1899 W ~ 1,9 kW
(at peak situations, estimated user pattern are shown below).

Compared to the standard input (125 W/person) and Esbensen initial input (125 W/adult and
140 W/child) this average input value of 76 W/person (adults and children combined), seems to
be more realistic when considering that most of the occupants are children with a body size half
of an adult.

Moist production is assumed to be: 1.5 kg/h (0.06 I/h per person); CO, generation: 323 |/h
(educated guess on the basis of Bsim standard input).

5.5.1.2 Occupant user pattern
Table 5.11 - User pattern, September — April.

Hour 7am 8am 9am 10am 1lam‘12pm 1pm 2pm 3pm 4pm
Load | 10% | 25% | 80% | 100% | 100% | 100% | 100% | 100% | 100% | 50%

Table 5.12 - User pattern, May — August.

Hour 7am 8am 9am 10am 11am‘12pm 1pm 2pm 3pm 4pm
Load | 10% | 25% | 50% [ 50% | 100% | 25% | 25% [ 25% | 25% | 25%
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5.5.1.3 Ventilation

The ventilation strategy has been determined in combination with two different sunscreen
solutions to ensure a comfortable indoor environment according to BR10 and at the same time
minimize the energy consumption. All ventilation strategies in the scenarios are VAV controlled.
The three scenarios are very simply divided into:

1) External shading + no cooling

2) External shading + 0.5 kW cooling

3) Internal shading + 1.0 kW cooling (see more details in table 5.16 — 5.18 below)

After this each scenario has been optimized to minimize its ventilation rate and cooling load and
therefore its energy consumption.

Table 5.13- Common ventilation settings for all 3 scenarios (values are used unless otherwise stated).

VAV settings ‘ All scenarios

Min inlet temp. [°C] 18
Max inlet temp. [°C] 23
Setp. Indoor air [°C] 22
Full load [°C] 24
Setp. CO; [ppm.] 900
Air hum.[kg/kg] 0.07
Infiltration [h-1] 0.06

Table 5.14 - Natural ventilation.

Summer weekdays: Open hours rest of year:
Natural Jun.-Aug. Jan.-May + Sep.-Dec.

Sept. CO2
concentration

ventilation Mon.-Fri. Mon.-Fri.
[ppm.]

7 a.m.-5 p.m. setp.: 20°C 7 a.m.-5 p.m. setp.:24 C

All scenarios Up to 2* Up to 2* 900
*The natural ventilation rate of up to 2 hlis determined in [THV1] to be required by the client.

5.5.1.4 Heating

The institution is heated through a radiant heating floor system, which is active in the period
from the middle of September until end of April. The supply temperature in the system is
dependent on the exterior temperature so when the exterior temperature increase the supply
temperature in the system decreases in order to maintain operative temperatures as seen in
table 5.15.
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Table 5.15 - Operation control of the radiant floor heating system.

Pursued operative =~ Maximum surface temp.

Heating (Sep.-Apr.) temperature [°C] at outdoor design temp. [-12°C]
Occupied (7a.m.-5p.m.) 22 30

Unoccupied (5p.m.-7a.m.)

+ plus weekend 19 30

These scenarios above are worked out by taking advantage of the results obtained in the section
5.3 (Requirements for comfort ventilation) and the results from section 5.4 (TCD). After this, it
was chosen to investigate three of the most relevant solutions seen from a combined
architectural and energy point of view. Design wise the preferred solution would be with
internal shading and energy wise it would be best with no cooling. Therefore these two were
parameters were incorporated into each their scenario together with a scenario that has both
external shading and cooling coil available. The latter one ended up being the only scenario to
fulfill the thermal indoor requirements. Results of all three scenarios are illustrated in table 5.19
(below).

5.5.2 Three Scenarios
Table 5.16 - Brief overview of scenarios.

Mechanical

Occupant operable

external internal blinds Max ventilation Max Cooling
solar shading . VAV [h-1] load [kW]
(shading factor: 0.2) (shading factor: 0.8)

Scenario 1 X 6

Scenario 2 X 3 -0.5

Scenario 3 X 3 -1.0

Table 5.17 — Mechanical ventilation (VAV).

Summer night Open hours all year
Jun. - Aug. Jan.- Dec.

Mon. - Fri. Mon. - Fri.

Basicvent [h-1] 5p.m.-7a.m.[h-1] 7a.m.-5p.m. Always [h-1]

5.5.2.1 Cooling

In situations where the natural and mechanical ventilation cannot maintain acceptable interior
temperatures the cooling coil is activated to add cooling to the inlet air according to the
specification given in table 5.18.
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Table 5.18 - Mechanical cooling

Summer nights Summer weekdays

Jun. - Aug. Jun. - Aug.

Mon. - Fri. Mon. - Fri. Max

5p.m.-7am. 7a.m.-5p.m. cooling Max cooling

setp.: 22°C, full load: 24°C setp.: 24°C, full load: 26°C load [kW] load [W/m?]
Scenario 1
Scenario 2 X* X -0.5 -11.3
Scenario 3 X* X -1.0 -22.6

*In reality the cooling here will in most cases be regular ventilation because the source (exterior air) will be relatively
cool during the night anyway.

(These scenarios are outtakes/ examples of strategies and could be altered in many ways, but
the focus has been on bringing the air change and cooling requirements to a minimum for the
sake of minimizing the energy consumption).

5.5.3 Results

5.5.3.1 Thermal indoor climate

Table 5.19 - Results of overheating hours and energy consumption in scenarios for a full year on weekdays between
7a.m.-5p.m.

Ventilation = Ventilation Relative
and cooling and cooling increase
combined = combined compared

Energy Energy

Temperature | [hours] ventilation cooling
(kW] (kW]

kW] [W/m?  to SC2 [%]
_ > 26 °C: 76
Scenario 1 1725 0 1725 39.3 240
>27°C: 48
> 26 °C: 71
Scenario 2 587 133 719 16.3 100
> 27 °C: 25
_ > 26 °C: 81
Scenario 3 676 139 815 18.5 113
>27°C: 36

No scenarios has any operative temperatures below 20 °C in the open hours of the year.(The energy numbers in table
5.19 shold be considered mostly indicative as a relation between the scenarios and does not necessary indicate the
actual energy consumption because Bsim is not used for this, but primarely for indoor climate simulations).

Table 5.19 shows the results of the three described scenarios (see monthly simulations in
appendix K). Neither scenario 1 nor 3 satisfies the thermal requirements in BR10 for number of
overheating hours above 27 °C. Scenario 2 complies with the thermal requirements and when
comparing the three scenarios’ estimated energy consumption for ventilation and cooling,
scenario 2 also comes out as the preferred choice to continue working with.

The above results are from simulation on a whole year, however in figure 5.14 and5.15 (below)
the focus is on one particular summer week with several consecutive days with high internal
temperatures as a result of high external temperatures and high solar radiation. In this context
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the best scenario from above (scenario 2), is compared to “scenario 2 alternative”. These are
similar except for their ventilation/ cooling set points (see table 5.20) and available cooling load.
Scenario 2 alternative has increased cooling load of -30.0 W/m? (compared to -11.3 W/m? from
scenario 2) to eliminate overheating hours completely.

Table 5.20 — Scenario 2 alternative ventilation strategy

Summer nights
mechanical
ventilation
cooling setp.
5p.m.-7p.m.
Start at: 22°C

Week 28 only
(2. week of July)
Scenario 2

full load: 24°C

Summer weekdays

mechanical

ventilation

cooling setp.

7a.m.-5p.m.
Start at: 20°C
full load: 24°C 3 0

Mechanical Natural
ventilation ventilation rate
rate [h™] [h™]

alternative

There is no natural ventilation in this scenario because that would spoil the cooling effect.

Scenario 2 alternative is only made for the purpose of illustrating how much cooling will have to
be applied to the room to completely eliminate all overheating hours, with otherwise
unchanged conditions. This scenario, however, is not realistic to continue working with for three

main reasons:

e Itis not preferable in terms of energy.

e Itis much more realistic that the occupants will open the door and windows if the
indoor temperature becomes too high, than to use cooling to solve the problem.

o If the indoor temperature is too high, the occupants are free to move outside unlike an
office for instance.

In the two figures 5.14 and 5.15 below the relevant temperatures, air change rates, cooling
loads and solar radiation are shown all together for scenario 2 and 2 alternative to get an
overview of how these interact with one another and what are the results of the two scenarios
different ventilation strategies. Figure5.14 and 5.15 (below) illustrate a full working week,
meaning 24 hours of each working day, where only the middle part of each day is the actual

open hours (7a.m.-5p.m.) of the institution.
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= TopMean(ThermalZone450)°C
= AirChange(ThermalZone450)/h
= ExtTmp([Outdoor])’C

= gSunRad(ThermalZoned 50)kW
= InletTmp({ThermalZone450)°C

= qCooling(ThermalZoned 50)kVW

Figure 5.14 — Scenario 2, week 28 (8th -12" of July), open hours: Overheating hours: > 26°C: 11 hours; > 27°C: 4
hours in this week. (TopMean: temperature operative mean).
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Figure 5.15 — Scenario 2 alternative, week 28 (8th -12" of July), open hours: Overheating hours: > 26°C: 0
hours; > 27°C: 0 hours in this week.
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From the two figures 5.14 and 5.15 above it is seen that the operative temperatures are
gennerally lower in scenario 2 alternative than in scenario 2. In scenario 2 there 11 hours > 26°C
and 4 hours > 27°C, where as in scenario 2 alternative these overheating hours are eliminated.
However, the two figures also shows that because there is no natural ventilation available in
scenario 2 alternative the cooling system has to be increased accordingly to keep the
temperatures below the limit of 26°C.

Comparison of operative temperatures and the corresponding energy consumption the two
scenarios in week 28 is illustrated in table 5.21 (below).

Table 5.21 — Results of week 28 (2nd week in July, Monday - Friday)

Ventilation
and cooling Relative
combined increase [%]

Ventilation and

Week 28 only = Temperature | [hours] cooling
combined [kW]

[W/m?]
. > 26 °C: 11
Scenario 2 29 0.7 100
> 27 °C: 4
i > 26 °C: 0
scenario 2 61 1.4 206
alternative > 27 °C: 0

Table 5.21 displays the results of week 28, where it is evident that scenairo 2 is the best result
when taking the energy consumption into account. The necessary cooling load to eliminate all
overheating hours causes an increase in the ventilation and cooling energy combined of over
100%. Once again it should be remenbered that occupants are free to move out when it is too
warm indoors.

The architects originally preferred a design without external solar shading, because that would
obstruct the pureness in the design and enhance the important lines perpendicular to the length
of the building (see figure 2.5). Their argument was that with a wooden pergola enclosing the
door and one of the large windows on the southwest facade, this should be sufficient enough
exterior solar shading to limit the direct solar radiation and overheating hours. But as the
scenarios above have illustrated this is not the case. In order to fulfill the thermal indoor
requirements in BR10 it is necessary with both external solar shading and cooling coil available
when the temperature is too high. If it is chosen to continue with another scenario than number
2 the energy consumption for mechanical ventilation and cooling will increase unnecessary.

The building program (byggeprogrammet) [Rubow] states that the building should live up to
BR15 requirements resulting in an energy use of maximum 43.3 kWh/m? pr. year. In section 5.2
(Be10 energy calculation) it was also determined that establishment of approx. 25 m” PV panel
would be necessary to decrease the amount of necessary external energy bought from the
network and thereby meet the energy BR15 requirements. This means that the energy
consumption is already pushed to the limit, so it is essential to choose the most energy sufficient
solution of the three scenarios. Therefore, based on the results displayed in table 5.19 and 5.21
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it has been chosen to continue working with scenario 2, with a reduction of 2.2 W/m? (~12 %) in
the yearly simulation compared to scenario 3 with internal solar shading.

As reference it can be mentioned that the Esbensen Bsim model worked with VAV ventilation air
change rates of op to 7h™* during some periods of the the summer day and night. This involves a
much larger ventilation system, both AHU and duct system than the scenario 2 from above. The
Esbensen model, which was partially modeled, but not detailed by the author, did not fully
comply with the number of overheating hours in BR10. In the following is a short calculation
example illustrating why the cooling applied in scenario 2 is much more effective thatn the more
than twice as high ventilation rate in a warm summer day situation.

Cooling effect is determinied by:
O=p*C,*q,*AT

Where

@: cooling effect [W]

p: density of air kg/m’®

C,: specific heat capacity air [J/kg*K]
q.: air change [m?/s]

AT: change of temperature [K]

Volume: ~144 m?

Air change (VAV): scenario 2: 3h™ (incl. cooling); Esbensen’s model: 7h™ (no cooling).
Temperatues: max interior temperature when full load cooling (sc.2) or full load air change
(Esbensen) is applied is 26°C during a warm summer day. In Bsim scenario 2 where cooling is
applied the minimum inlet temperature is set to 18°C. In scenario without cooling and an
maximum air change of 7h™ the estimated exterior tempereture when the interior air
temperature is 26°C is 24°C. These values are put into the cooling effect calculation:

Scenario 2 incl. cooling and AT: 8°C:

_ kg Ji 3%144 m3
® = 1-5+1000

*Qor —
ok " (agnor ) "8°C = 960W

For scenario without cooling and max air change of 7h™ and AT: 2°C:

O = 1841000 L« (2243 x3ec = 560 W
m kg*K 36OOE

This simple example illustrates that even with more than twice as high ventilation rate the
actual cooling effect of this, is naturally not nearly as high as if cooling is provided to the inlet
air. Obviously there are expences related to cooling of inlet air, but on the other side the
ventilation system does not need to be dimensioned for an air change higher than 3h™.
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5.5.3.2 Atmospheric indoor climate

The atmospheric indoor climate has to be checked by the CO, to make sure that the chosen
scenario and ventilation strategy also complies with the requirements of maximum allowable
CO, concentrations of 1000 ppm. Scenario 2 had a combined air change rate of 5h™* available for
mechanical and natural ventilation and the estimated air change rate of 5.1h™ from the
atmospheric requirements (section 5.3.11) based on an instant peak situation, is very close to
this.

As the expected occupant user patterns from table 5.11 and 5.12 above illustrate, the internal
heat load from occupants naturally reaches its peak points in the heating season, where most
occupants are expected to be present in the common room for longer periods of time.
Therefore a situation during that period is chosen to look into in regard to atmospheric indoor
climate. Figure 5.16 illustrates the CO, concentrations in scenario 2 (VAV: 3h™) in January.

January 2002 at time Hverdage aben

1100
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600 — 10 * TopMean(ThermalZone450)°C
— 100 * AirChange(ThermalZone450)/h
— Co2(ThermalZone450)ppm
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Figure 5.16 - CO, concentrations, air change and temperatures in common room 1 in January (TopMean:
temperature operative mean).

The graph shows that during the weekdays the CO, concentrations relatively quickly
approximate values of 900 ppm. and sometimes just over the limit of1000 ppm. for short
periods of time. Over the course of a year the CO, concentration exceeds the allowable limit
according to [THV1] 81 times, but never reaches values higher than 1060 ppm. This means that
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with a ventilation rate of VAV up to 3h™ plus natural ventilation up to 2h™, the scenario is within
the limitation ~97% of the time, which is regarded as acceptable.

Scenario 2 seems to satisfy the thermal and atmospheric indoor climate requirements, and at
same time require the least amount of energy of the three scenarios according to simulations
made in Bsim. In section 6.4 comparisons with simulation in IES<VE> will be made.

5.5.4 Sum-up
Summarizing on Bsim as a simulation tool on the basis of this case study and previous projects
carried out at Esbensen Consulting Engineers A/S.

Pros:

e Simulation process is quick and the analysis parameters are vast.

e Possibility of creating numerous rooms and thermal zones.

e Extensive list of building materials and possibility of putting together your own materials
or elements.

e Many building system variations and combination possibilities.

Cons:

e Itis not possible to import geometries from e.g. CAD files, so the user has to remodel,
which is time consuming.

e The geometry construction interface with points and lines makes drawing and
adjustment slow and tedious.

e Most often only representative rooms will be analyzed because the geometry
construction and material assignment is very time consuming. This means that the
engineer rarely gets to see the full picture of the interoperability of the whole building.

e Retyping of properties with e.g. all systems, when having more than one thermal zone
or e.g. solar shading systems. It would be handy to have a way of selecting all similar
components and streamline these with just a few settings.

Overall Bsim is a good and relatively well working simulation tool, but it is also relatively time
consuming and non BIM based which the author believes limits its future position among the
leading indoor environment simulation programs.
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5.6 Comparison of results from TCD and Bsim

5.6.1 Method

Previously in the thesis, TCD was used as an early stage design tool by which estimations for a
more detailed simulation program such as Bsim was obtained. However, despite the fact that
TCD and Bsim are two very different programs in their detailing level, required input and
operation system and consequently their output options, it is still interesting to compare results
of similar scenarios and see how close they get to one another. This way, it is possible to
evaluate the accuracy and reliability of TCD. Earlier in the report, results from TDC were used for
estimation further detail in Bsim, in this comparison we go the opposite way, meaning that
resulting inputs from Bsim scenario 2, are set in TCD for comparison (see illustration in figure
5.17). Keep in mind that TCD bases it calculation on one cloudless summer day with a mean
exterior temperature of 21°C with a range of + 6 °C. Originally the aim was to reach a mean
interior temperature just below 23 °C, but in this comparison the two programs ability to reach
the same mean interior temperature is investigated. However, it is impossible to find a day in
the Bsim scenario that matches perfectly with the one in TCD, which is way the comparison is
going backwards, and one day with fairly similar exterior conditions in Bsim scenario 2 is used
for input in TCD, so both programs will be operation on the same conditions. In this context it
should again be stressed that the two programs vast differences in term of operation and input
parameters, makes it impossible to compare 1:1, but with some precautions simplified
estimations can be made. In table 5.22 is a list of some of the main differences between the two
programs which makes it complicated to perform and equal comparison.

TCD Bsim

In thesis: use results from the best scenarios in TCD as
input in to be further detailed in Bsim for one optimal
solution.

—

Comparison: use input and exterior temperatures from
one day from the final scenario 2 in Bsim to put back
into TCD and compare mean interior temperature.

‘—

Figure 5.17 - lllustration of project progress direction and way of working when comparing TCD and Bsim.

Because TCD states its results in mean operative temperature during one day, while performing
this comparison, the day temperature variation from the Bsim scenario has to be combined as
one mean operative interior temperature as well.
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Table 5.22 - Main differences between TCD and Bsim in regards to this comparison.

TCD Bsim

A) Calculation aimed at a mean A) Simulation aimed at fulfilling

temperature below 23°C requirements of BR10 of overheating
hours during one full year

B) Result: main operative B) Result: annual simulation

temperature of one day with numerous result parameters

C) Set time for natural vent. C) Set temperature for natural
ventilation

7a.m.-5p.m. (all day) at 20°C during all day

D) Set time for HVAC 7a.m.-5p.m. (all | D) Set temperature and CO2

day) and cooling 5p.m.-7a.m. (all concentration for HVAC and set

night) temperature for cooling night and day*

E) CAV in each time interval** E) VAV, changeable according to
current conditions in the room

F) Internal gains are less flexible F) Internal gains are flexible due to time

during the day profile that can vary often during the
day

G) Basis its calculation on a cloudless | G) No completely cloudless day, but on
summer day with min 15°C and max | the chosen one it is very close to an the
27°C. solar radiation and temperature match
well to TCD

*See table 5.17 and 5.18. (mechanical vent. and cooling)

**Ventilation is constant at 3h-1 mech. vent. + 2h-1 natural vent. during day
and 3h-1 mech. vent. during night.

5.6.2 Case

The chosen day from the Bsim simulation (which basis it weather data from the DRY year
weather profile), and has relatively similar exterior conditions as the one from the TCD scenario,
is the 10" of July (3™ day in week 28). On this day the in Bsim the exterior temperature profile
has hourly values in an interval from 13.0°C to 29.2°C, with a mean exterior temperature of 21.1
°C. On the chosen day, it is not completely cloudless, but the solar radiation is relatively high as
seen in figure 5.18. These weather inputs and the inputs for ventilation are setin TCD in a
tailored scenario, so the mean exterior temperature in the two programs is similar. The
ventilation values transferred to TCD from Bsim scenario 2 are 3/ 2/ 3 [h] meaning mechanical
ventilation during day, natural ventilation during day and mechanical ventilation and cooling
during night respectively. However, a major difference is that the ventilation type in Bsim is VAV
in and in TCD it is CAV, which is especially significant in regard to the way in which cooling is
applied. In Bsim cooling is applied during day, if the interior temperature exceeds 24°C, and at
night this temperature is set to 22°C with a minimum inlet temperature of 18°C. In the tailored
TCD calculation cooling is applied during 4 hours (based on qualified guess on the amount of
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hours in the opening period above 24°C, because set point is not incorporated), of the day at
18°C without interior temperature considerations. During night the room is mechanically
ventilated with the average temperature over this period of 17.2°C. All mechanical air change
rates in TCD are 3h™ and natural ventilation is 2h™.

Week 28 2002 at time Hverdage aben

30

ol ALALA
M MM
INS AT Y4

15 A — 10 * gSunRad(ThermalZone450)kW
V V — ExtTmp([Outdoor])*C

— TopMean(ThermalZone450)°C
5 [‘\\ M| Y

Day in Week

Figure 5.18 - lllustration showing that the solar radiation (qsunrad) being relatively high on the chosen day, 10" of
July (Sth day of week 28).

5.6.3 Results
With the stated input the following results are obtained in tailored TCD calculation:

Table 5.23 - Tailored TCD scenario, sf: 0.2. Ventilation: 3 /2 /3 [h'1] (4 hours 18°C cooling during day + natural
ventilation and night is ventilated with the temperature of the average temperature during night, because of lack
of set point for ventilation).

Mean temperature over 24 hours period °C

No solar shading: 27.1

Inc. time-dependent solar shading ext.: 24

In table 5.24 the mean interior temperature of the tailored TCD scenario is depicted with the
mean interior temperature of the Bsim scenarios. Values from all three final Bsim scenarios are
depicted just for comparing purposes because they all have same exterior conditions on the
chosen day.
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Table 5.24 — Results from TCD tailored and Bsim compared.

Scenario °C

TCD tailored (comparison scenario) 24

TCD mean ext. temp. 21.1
Bsim SC. 1 25.4
Bsim SC. 2 24.5
Bsim SC. 3 24.3
Bsim mean ext. temp. 21.1

For comparison the above result are illustrated in figure 5.19.

26 - ] ]
24 hours mean temperature TCD & Bsim scenarios
25 e=TCD SC 8 (comparison
. scenario) top. mean (24.0 °C)

U T
-"—-2 4 e=TCD ext. mean
E temp. (21.1 °C)
)
£ ———Bsim SC1 top.
23 - o
E. mean (25.4 °C)
S —¥=Bsim SC2 top.
§22 ] mean (24.5°C)
= === Bsim SC3 top.

21 - mean (24.3 °C)

Bsim scenarios ext.
20 T T T T T T T T T T T 1 mean temp [211 QC)
0 2 4 6 8 10 12 14 16 18 20 22 24
Time of the day

Figure 5.19 - Results of the tailored TCD scenario with input values similar to Bsim scenario 2 compared to the
mean interior temperatures of the three Bsim scenarios (all with similar exterior conditions). (The two exterior
conditions at 21.1 °C are illustrated by just one graph line). (SC: scenario). (The line with the crosses on indicates
Bsim scenario 2, which are the basis of the comparison).

In figure 5.19 it is seen that with the many precautions and estimations explained in the two
programs come to a mean 24 hours day temperature no more than 0.5°C apart from one
another. However, the reliance of this comparison can be argued, because of the many
estimation e.g. the number of hours the cooling system runs on full load during the day, the
difference in control etc.

Figure 5.20 illustrates the same TDC and Bsim scenarios as above, but this time the Bsim
scenarios are illustrated with hourly values of operative temperature over the course of 24
hours. This comparison is made to illustrate how the Bsim hourly values develop during the
chosen day compared to the mean operative temperature form TCD.
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24 hours temperature profiles TCD and Bsim scenarios

TCD SC8

(comparison scenario)
gl:cog. mean: 24.0 °C)

=TCD ext. (mean

temp.: 21.1 °C)

== Bsim SC1 (top.
mean: 25.4 °C)

=>¢=Bsim SC2 (top.
mean: 24.5°C)

Bsim SC3 (top.
mean: 24.3 °C)

Temperature [°C]

Bsim scenarios ext.
(mean temp.: 21.1 °C)

12

0 2 4 6 8 10 12 14 16 18 20 22 24
Time of the day

Figure 5.20 - lllustration of the tailored TCD scenario and the three Bsim scenarios over the course of 24 hours on a
warm summer day. (Top.mean: mean operative temperature). (The line with the crosses on indicates the preferred
Bsim scenario 2).

Figure 5.20 illustrates how Bsim scenario 1 is above the TCD mean indoor temperature the
majority of the time. During the day, the same is true for Bsim scenario 2 and 3 but their lower
night temperatures compensates a little bit for this and results in average temperatures as
written next to the graph in figure 5.20. Additionally, it is seen in figure 5.20 that on this
particular day all three Bsim scenarios have interior temperatures above the 26°C and 27°C
threshold values from BR10. However, as previously stated, scenario 2 fulfills the requirements
from BR10 over the course of a year as were the goal in Bsim.

Based on this one comparison example it is seen that when using the stated comparison
approach and precautions (which obviously cause some uncertainties), the two programs gives
mean interior temperature results relatively close to each other (0.5°C).

Generally it can be concluded that TCD calculates fairly accurate, but it is also very simple and
the author feels safe to say that TCD, as in this case, can serve as a good indicative tool to
perform early estimations and test various scenarios at the early design stages. Even though TCD
operates very different and none of the scenarios from TDC directly fulfilled the BR10
requirement when used in Bsim, inputs from the best scenarios in TCD can still serve as
indication of e.g. necessary air change rates, cooling and external solar shading in Bsim.
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5.7 Non-BIM model exchanges

Much of the focus of this thesis revolves around the use and outcomes of mainly two different
model exchange processes in relation to BIM (Revit to IES<VE> and Solibri) details of these can
be found in the following section. For the sake of providing a wider perspective of alternative
approaches regarding reuse of model geometry in relation to building analysis on energy and
indoor climate, two additional considerably simpler exchanges have been looked into. The first
one is exchange from AutoCAD - IES<VE> and the second is from SketcuUp = IES<VE>. These
are both non BIM based exchanges because the sender program is non BIM based and e.g. does
not support the IFC format. However, the latter exchange converts into gbXML similar to the
exchange from Revit = IES<VE> with the same kind of information attached.

The first exchange from AutoCAD enables 2D plan drawings to be transferred into IES<VE> with
no information attached whatsoever®.The process can be described in three easy steps:

1) Write a unique room ID in each room in the 2D AutoCAD plan drawing in regular text
mode and explode ID text afterwards (This ensures that each room has a room ID to be
used in the model browser in IES<VE> later).

2) Export the file as a “2004.dxf” file.

3) Import the dxf file and choose “create dxf” icon in the right corner of the IES<VE>
ModellT display. This opens a pup up menu which prompts the user for a room height
and when applied this makes the 2D floor plan into a 3D model in the ModellT
application*. The room definitions are then added to the model browser and the user
may work on this as any other geometry model.

*As the “create dxf” feature is a very new it is only available in the not yet released IES<VE>
“Alpha 5” version. In other version of the programs the import only brings up a background
image of the 2D floor plan which the user has to draw on top of.

This process is completely non BIM based because of no information attached. It may save time
on measuring/ redrawing of the plan but all attributes such as doors, windows roof inclination
etc. has to be modeled in IES<VE> because they were never part of the exported 2D floor plan in
AutoCAD. In reality the author does not see the big potential in this process because it only just
transfers a simple floor plan.

The process is illustrated in figure 5.21:

> Taught to Lasse Brandt and Oliver Franck at IES in Scotland and passed on to the author.
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Figure 5.21 - Export from AutoCAD to IES<VE>. Top left: simple AutoCAD plan drawing with input of room ID are
exported as dxf. Top right: the extrusion of the model by use of the Alpha 5 “create dxf” function with dialog box
for determining room height (windows and doors are inserted separately afterwards). Bottom left: redraw on top
of the imported background floor plan. Bottom right: result of imported model geometry by either redraw or
extrusion method.

The second exchange enables a 3D SketchUp model to be exported for analysis in IES<VE>
through the plug-in IES has created for SketchUp and includes building location and building
component types similar the exchange from Revit = IES<VE>. The process can be described in
four simple steps:

1) Activate the “locate rooms” icon in the IES<VE> plug-in in Revit and the program
identifies any rooms located in the model and provides it with a room ID.

2) Set geographical location and building component types from the predefined
component database.

3) Choose “thin” or “thick” wall type determining whether the model’s walls has any
volume, if the model choice is thin wall the user has to be aware that when later
applying building materials in IES<VE> these will have their starting point at the exterior
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side of the construction and fill up inward thus decreasing the remaining room size. If
thick wall type is chosen the model should be modeled according to this.

4) Press the “Launch VE” to export the SketchUp model and IES<VE> is automatically
opened with the imported model geometry, room definitions and attached building
component types ready for further work. This plug-in handles the odd room and skylight

geometry without problems.
The process looks as follows:
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Figure 5.22 - Export of model from SketchUp to IES<VE>. 1) SketchUP model, 2) room ID located SketchUp plug-in
and the model is converted to a gbXML file, 3) imported model in IES<VE, illustration shows results from a simple

test simulation.

If a proper SketchUp model is available this process is by far the easiest and most efficient way
of transferring error free model geometry with or without attributes that the author has come
across. As something relative unique with SketchUp, it is possible to export a model back into
this from IES<VE> for geometry modifications but this requires the pro-version of SketchUp.
However, since SketchUp is non-BIM based a model made here cannot be exported into Solibri

Model Checker.
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6 Case study — Model Based Workflow

This section investigates the model export process from the architectural design model in Revit
to building analysis in IES<VE>. Furthermore, Solibri is used to locate issues and coalitions in the
model and what possibilities this software poses for the collaboration between the architect and
building service engineer. Finally, indoor climate, energy consumptions and daylight analysis
(although illustrated earlier), are made in IES<VE> and used in the overall focus of the thesis.

6.1 Model transfer Revit to IES<VE>

6.1.1 Method

One of the major advantages of the BIM working approach (also referred as MBW earlier), is the
knowledge sharing between disciplines in a building project which leads to many derived
benefits. Of course, with something as complex and used across such a broad professional fields,
it is vital to have certain guidelines of, which information is to be passed on to whom and when
as is the intention of an IDM (refer to section 3.2). Nevertheless, the file format and the way the
BIM model is created are also absolutely essential for the information transfer and
interoperability between programs [IES-VE 2010].

This thesis focuses on the collaboration/exchange between a building’s architectural design
model and its energy and indoor environment simulations model and how if these two models
can work together in the integrated design process. Therefore the interoperability between
Revit and IES<VE> is tested through the plug-in IES has created for Revit which converts the rvt
(Revit) format into a gbXML format. On IES’s website [IES-VE] are some design exchange
guidelines [IES-VE 2010] ready for download, which illustrates how to create a transferable 3D
Revit models, and these guidelines must be complied with very carefully in order for the export
to IES to work.

IES admits that there are limitations to the plug-in and emphasizes that if the design team has a
planning meeting prior to project startup, the engineers can, at that point let the architects
know how they wish the building to be modeled by providing the IES guidelines and thereby
saving loads of time and money for both parts by neither of them having to remodel [IES BIM
2011].

IES describes the ideal workflow from 3D model to finished energy and indoor environment
model in the four following steps:

1) Design (Revit)

2) Translate (IES<VE>’s plug-in)

3) Analyze (IES<VE>)

4) Carry further (other BIM based programs)

The essence of IES’s guidelines is found in three main areas:

e The way in which the rooms must be defined and bounded
e The definition of the construction parts that enclose the rooms
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e The project information such as geographic location

When converting the model into a gbXML document the information stored in the model is
organized in the order illustrated in figure 6.1:

1) Location Geographically
|
Mg Building
2) Building Type
I_I_I
Shading
3) Space Rooms Surfaces
I
| | 1 1 1
4) Surface Walls Floors Roofs Ceillings
g
I_I_I I
i Doors Windows Skylights
5) Opening ylig

Figure 6.1 - gbXML file hierarchy diagram.

Brief description of figure 6.1 and guidelines:

1) Location is set in the “set model properties” dialog box in plug-in and transferred in IES
(see figure 6.3).

2) Building type set from a predetermined list in the plug-in in “set model properties”
dialog box.

3) Spaces must be correctly defined horizontally and vertically within a set of walls, floor
and ceiling. This can be done either by zone-based modeling (early stage design) or
room-based modeling (more detailed or with different thermal zones adjacent to one
another (the latter one was used in this case)).

Shading surfaces are surfaces such as overhangs, or in this case the pergolas in front of
the fagade, which do not directly affect the thermal calculation. These are included as
non-enclosures and only provide shade.

4) Each construction element such as wall, floor etc. must an enclosed room volume and
be defined as “Room bounding” otherwise it will not transfer to IES. In figure 6.2 are an
example of an assigned room (blue highlight), and its corresponding ceiling with and
without “room bounding” defined. In addition, the lower and upper boundary of the
room can be set in case it needs an offset from a construction component such as a
floor slap.
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5) Openings are so called “hosted components”, which must be assigned to another
component and defined as a door, a window or a skylight, if they are not defined correct
the room will extend beyond the boundaries of that element [IES-VE 2010], [IES plug-in].

Further, when exporting a model, it is important to set the gbXML for a proper complexity level.
There are five different complexity levels to choose from, determining the amount of detail to
include in your export, for most projects IES advise that the “simple” one (complexity level 1) is
sufficient and reduces simulation time later on, because it ignores or combines very small
geometries by determining the tolerance level of the export. This will be followed up on later in
the example of window fenestrations, when going into IES<VE>. However, since it is important
to include the pergolas outside the facade windows in terms of daylight conditions, in this thesis
the chosen complexity level is the “simple with shading surfaces” (complexity level 2).
Additionally, in order for the building volumes to be accurately exported, the user must go to
“Room and volume computations” and make sure that this is defined as “Areas and Volume” as
opposed to the default “areas only” (see appendix L) [IES BIM 2011] otherwise export ends up
without proper boundaries.

Rl

I |

Figure 6.2 - Example of room definition. Left: the room (with the blue highlight) is defined horizontally but not
vertically bounded by the roof construction. Right: the same room is correctly bounded by the ceiling which
encloses the room.
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Figure 6.3 — Final version of the simplified model for export — “Set model properties” dialog box. The blue rooms
are the simulated rooms. Top: kitchen (northeast); left: the main kitchen (southwest); right: the three common
rooms (southwest). The pink rooms are the non simulated rooms set as “adjacent” and the green parts are the
shading wooden pergolas.

In the “Set model properties” dialog box the final settings can be made and the user is prompted
to visually inspect and accept the corresponding IES Report sheet illustrated in figure 6.4.

Ideally, the IES Report should not illustrate any highlighted boxes because these represent
geometry errors of some sort, for instance unclosed gaps between the wall and the ceiling. This
report gives an indication whether there are any issues with the model, but it does not specify it
more precisely than the room, surface and type of error of question. There are no further details
on where more precisely on a given surface or intersection between surfaces to look for the
issue for correction. This issue will be addressed further in the Solibri section later. In this case,
the IES Report for export from Revit, showed only highlights in the floor/ceiling ratios illustrated
in figure 6.4, which is due to the tilted ceiling and is no raise for concern. Aside from the IES
Report the “Set model Properties” dialog box allows the user to input model data regarding:

e Building type — office, dwelling, school etc.

e Choice of building components type from a predefined (non-editable) building
component database within the IES<VE> plug-in (will come back to this in the IES<VE>
section)

e Building system — ventilation system type

e Geographical location

After these properties have been set, the import to IES<VE> through the plug-in can take place
and IES<VE> automatically pups up with the imported model opened.
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Room Area (m?) Ratio Area ratios Missing
Volume Volume N 7 Surfaces
Hame D (m) External Internal Total toArea | Ceiling holes/ Floor holes / Floor / Total Wall / Area
Walls Walls Glazing (m}) Ceiling Floor Ceiling Floor m?)

sp-001-grupperum 00193620 150.2 116.8 88.6 15.9| 3.489 0.000 0.000 1.013 2.057 0.000
sp-002-grupperum 00193617 | 1502 115.4 88.6 151] 3.489 0.000 0.000 1.013 2.057 0.000
5p-003-grupperum 00193614 | 1499 117.3 89.8 15.1| 3.482 0.000 0.000 3.861 2.085 0.000
sp-004-grupperum 00193566 | 1382 175 1122 154 3.230 0.000 0.000 1.081 2.623 0.000
sp-005-grupperum 00193563 13841 1171 1121 15.8| 3.229 0.000 0.000 1.080 2.622 0.000
5p-006-grupperum 00193560 1381 119.0 1122 157 3.229 0.000 0.000 1.078 2.622 0.000
sp-007-oilet 00197387 411 64.8 458.6 18| 3452 0.000 0.000 1.028 4.087 0.000
5p-008-toilet 00195110 411 63.3 436 18] 3452 0.000 0.000 1.028 4.087 0.000

Figure 6.4 - Example of a section of corresponding IES Report to be checked prior to export.

6.1.2 Case

In this thesis, based on a daycare institution, which was originally in collaboration with Rubow
Architects and Esbensen Consulting Engineers, Rubow has provided a Revit model. Esbensen,
who did not work with Revit or BIM in any matter, requested drawing material in regular 2D
AutoCAD format, which means that the Revit model is only intended for use by Rubow. All
drawings, models and other relevant material from each business partner is shared through a
Dropbox folder. The CAD drawings provided by Rubow have been used as the basis for the Be10,
TCD, Daysim and Bsim calculations. The 3D Revit model has been used for the transfer of
geometry into IES<VE> according to the procedure described in section 4 (method). Due to the
fact that the author has been effectively cut off from the real case, it is unclear exactly by which
means and with which intentions Rubows Revit model has been modeled. The Revit model is
most likely only intended for visual presentations, documentations etc. and the structural
engineer at Sloth Mgller in charge of the case was contacted to check if they had been able to
use the Rubow Revit model for transfer. However, since the project is relatively simple seen
from a static point of view, with only one storey the project was estimated to be too little and
simple in its construction to spend time on transfer of the Revit model into a BIM capable
software. It is a weighting of effort and time vs. gains, and in this case it was considered to be
more time spend during the process than the expected gains could justify®.

So as it turns out the provided Revit model was never intended to be used in a BIM context, nor
defined according to modeling guidelines such as those provided by IES, and therefore not
intended to be transferred into an energy simulation program. This is very evident when
opening the model, because there are numerous minor holes in the building envelope and
errors of all sorts when looking at the details. That is why, instead of having the architect model
according exchange guidelines, the author had two choices for modeling and exporting to
IES<VE>:

A) Work the opposite way and try to repair and simply the original 3D Revit model.
B) Redraw the building from scratch in Revit on top of an imported AutoCAD plan drawing.

Eventually both approaches were investigated and are described in the following.

® Source: phone call with the responsible static engineer on the case from Sloth Mgller.
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6.1.2.1 Repair and simplify approach

With the intention of sticking with the BIM concept of eliminating remodeling, approach “A”
was chosen as first choice for further work. In appendix L are illustrations of the original Revit
model and the gbXML file illustration, figures of a few adjustments made in the process, and the
final Revit and gbXML model. This repairing approach should however, prove to be much more
complicated than anticipated, because the geometry of especially the roof construction,
skylights and changes in the fagades longitudinal direction were not modeled very consistently
in terms of room definition and joining of different roof elements. This caused all sorts of errors
and warnings in the transferring process to gbXML. Since the IES Report does not specify
location of the issue very precisely, the author investigated the model in detail and located and
corrected a large number of geometric inconsistencies.

The following is a sum up of main corrections made to the original Revit model, but it is not a
detailed walk through of all changes made. This seems to be very tedious and a bit irrelevant
when the reader can refer to IES’s guidelines, even though this process has been very
informative and extremely time consuming for the preparation of the thesis. Instead, some
examples of the main changes/ corrections made to the model are listed below and
supplemented by figures and descriptions in appendix L:

e The architects shared the original Revit model with restrictions on it, which made sure
that only they could alter the model. This meant that the model had to be “detached
from central” in the opening menu of the Revit program prior to any adjustments
otherwise the model would be a so called “read only” model.

e The entire model had to be cleaned and simplified from BIM information level 3 to
information level 2, so only the building geometry including doors, windows and internal
room partitioning would remain. If there is any positive aspect of cutting all attached
information away from the Revit model, it would be that the file size is significantly
reduced thus easier to transfer. But it would be much more preferable if the
information already assigned to the model could have been understood by the plug-in
and transferred along with the geometry.

o Redefining a large portion of the building envelope construction parts to be room
bounding and all rooms to be defined within a set of enclosures because ghXML files
only converts what is defined as rooms with boundaries plus possibly shading surfaces,
depending on the complexity level chosen for the transfer in the plug-in.

e Remove the ventilation room on the first floor in the building’s middle section because
it caused countless errors with the walls beneath and the room itself is not important
for the building performance analysis.

e Move room separation lines from conflicting with interior and exterior walls.

e The original skylight construction was made as a family on top of the roof causing
peculiar openings in the geometry and would not connect to the rest of the roof. Both
of these issues would only be visible in the gbXML file and not in the Revit model thus
very difficult to solve in Revit. Two solutions to this problem became apparent: A)by
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slightly reducing the angle of the surface where the skylight is located and increasing the
width of the skylight construction it is possible to avoid these odd openings in the back
of the construction and combine roof and skylight construction (see figure 6.5). (This
option was found through advice from a forum on Revit’s website and by analyzing the
model in Solibri). B) Leave the problem and solve it later in IES<VE> by deleting the extra
opening. (More on this issue can be found in the Solibri Model Checker section).

e  With the skylight construction working and converting well into gbXML format the
model could be exported to IES<VE> for further work and analysis.

Figure 6.5 - Left: illustration of the problem with the skylight construction. The left arrow shows an opening
made in the transfer to gbXML file which is avoided in the final version (illustrated on the right in IES<VE>). The
circle shows an unwanted opening on the side and the right arrow is the issue with the two roof pats not joining
correct. Right: the final converted gbXML file.

6.1.2.2 Remodel approach

Since fixing the original model to something usable for energy simulations was much more
cumbersome and time consuming than initially anticipated, the author wanted to test approach
“B”— redrawing the model from scratch, for comparison. The redrawing of the model has been
made in accordance with IES’s guidelines a with an AutoCAD plan drawing of the daycare
institution as underlay for the model. Only the southeastern 1/3 of the building consisting of
three common rooms and adjacent facilities has been redrawn as a test. This model converted
as supposed to because the building elements was assigned as room bounding and the rooms
were properly defined. In appendix L are illustrations of this transfer approach.

One more test was made with a simple rectangular shaped building model of DTU building 118
also designed according to the IES guidelines. Again, this model encountered no problems
converting correct to gbXML (see appendix L). Most issues seem to occur when the geometry
gets a little tricky, such as the skylights construction combined with a tilted roof. If a model is
intended for transfer to a building simulation program such as IES<VE>, the designer has to be
very careful on how to set boundaries and define room geometry.
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6.1.3 Experiences gained and discussion

Working backwards on an existing Revit model and preparing it for export into a building
analysis program, can be very complicated and require extensive model modifications. This is a
very time consuming process and should not be underestimated. As IES suggests: “sometimes it
is just easier to redraw the whole thing as opposed to start correction an existing model” [IES
BIM 2011]. In this case the author initially estimated that due to the relatively small building, the
amount of necessary changes would concurrently be limited. However, reflecting on this
afterwards, the author must acknowledge that unless the user knows exactly what to look for
and how to repair every detail, it is almost impossible to correct a model 100 percent.

Redrawing the model is exactly the opposite of the intention with BIM, and for that matter one
might as well have used only 2D drawings and non BIM based software, because the original
model is not converted from design to analysis model. However, in this case with an
architectural 3D model, which was not set up to be converted into a building simulation
program, the redraw approach was actually the easiest and by far the quickest way to obtain
correct and usable geometry created in Revit and ready for transfer into IES<VE>. This
emphasizes the fact that all parties in a building project has to communicate and agreed on the
type and level of detail of shared information each partner needs, and preferably express this in
the project IDM.

The conversion from rvt into a gbXML file reduces the file size to roughly 10% of the original rvt
file size, which gives an indication of how much/little information is actually converted into the
gbXML file, to be used in a building analysis program. The exported model only contain room
volumes, surface geometry and limited building component information, which can be assigned
in the plug-in based on a predefined building component list. This means that the plug-in is not
able to convert the information already put into the Revit model by the architect. For the
conversion to take place the model has to be stripped for any “superfluous” information aside
from the geometry that the plug-in does not understand. Furthermore, since the plug-in only
contains a certain predefined list of building components when the model is imported to the
chosen building analysis program all building components has to be designed and attached to
the model once again.

Overall the level of detail in the converted file is very limited and inadequate for full use of BIM
workflow, even when considering the extra attributes the user can input in the “Set model
proberties” dialog box illustrated in figure 6.3. This leads to the conclusion that the ideal
situation where only one BIM model, shared between all business partners on a given project is
not (yet) realizable. Instead it is much more likely to have a scenario with specefic dicipline
models and one main aggregate model (a process which more software providers suggest) [IES
BIM 2011]. With the rescrictions experienced in terms of exchanged informations from design to
simulation tools, the following is an example of the practical use of these building model types:
One main conceptual model is detailed up until BIM information level 2 with respect to inputs
and considerations from all disciplines involved making sure that none of these are neglected.
From this stage the model is split up into an aggretage (architectural) model and several
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dicipline models. The aggregate model will then be detailed, as it would have anyway up until
BIM information level 5 or 6 and each dicipline model is modified for its specific purpose, but
the geometry remains unchanged in thise. If or when a significant project change affecting more
than one subject takes place, all business partners needs to be informed and the corresponding
models would have to be adjusted concurrently. Any inconsistancies between any of the models
can conveniently be located through model compliance software such as Solibri. The proposed
process is illustrated in figure 6.6.

Conceptual design Project proposal
stage stage and beyond

Aggregate
model

Conceptual/ Discipline
aggretage model model

until BIM info level 2
Discipline
moadel

Discipline
model

Figure 6.6— Proposed model sharing process.

Figure 6.6 illustrate the process where one conceptual aggregate BIM model is used until
information level 2, where after this is divided into an aggregated model and discipline models
used for analysis with various purposes. The red dots in figure 6.6 illustrate suggested times to
perform a consistency check in e.g. Solibri model checker (see more on this in the next section).

6.2 Consistency model check

In the process of correcting the original architectural Revit model for export to IES<VE>, various
ways of getting around certain geometric problems, especially with the skylight construction,
has been investigated. Besides correcting directly in Revit, an alternative approach was to bring
the Revit model into Solibri and test it against a relevant ruleset and thereby see if the errors
highlighted in the IES Report would be located visually by specific construction part and not just
by category and corresponding room.

99



D. Lgvborg Architectural Engineering, DTU BYG

6.2.1.1 The case

In this thesis the simplified model from the case has been imported as an IFC (2x3) file in Solibri,
wherein the models were first visually inspected for correct imported and minor adjustments
were made in the “Model” section. Going on to the “Checking” section, which is the analysis
section of the program, each model has been checked against a predefined BIM validation
ruleset as well as an energy analysis ruleset. Due to the large number of rule violations as can be
seen in figure 6.7, it has been chosen to focus work on and violations in regard to the BIM
validation ruleset.

File | Model ched&ngmmuTmhmt;mmmr;T+]

{2 Checking EHE | @ chedk 5 Report | B B 52
Ruleset I a0 8 & & X
= f] Pre-check for Energy Analysis 4 5 67
§ Spaces Has to Be Contained by Buiding Floor >
§ Too SmallfBig Coordinate Values oK
§ Wal Area Shouldn't Be Zero 9 ok

& Door and Window Intersections oK
§ Door and Window Location &

External Wal Vakdation -~ &

‘Wal Construction Types Must Be from Agreed List -
The Model Should Have Spaces g2z 0K
Space Names Must Be from Agreed List M &

Spaces Must Have Unigue Identifier 0K
Space Validation & & &

Space Boundaries

§ Doors and Windows Must Be Connected to Spaces &

§ Unallocated Spaces &

§ Doors and Windows Has to Be Related wall i

§ Unique GUID oK

W LN LN WA LW LW W

Figure 6.7 - Example of the simplified model before finished from the checking section in Solibri. The blue circles
explain important functions of the program. 1) The selected ruleset (energy analysis), 2) Check start, 3) Print of
report to Excel, 4) Severity level high, 5) Severity level moderate, 6) Severity level low, 7) not accepted issue, 8)
accepted issue, 9) Rulereport. (See larger image in appendix F).

Not all of the errors found in this check were relevant, in terms of the energy and indoor climate
analysis. One example is the “Wall Intersections” rule being violated and marked as high severity
level. When clicking on the rule for this issue, it allowed the author to look into this and locate
the specific wall intersection seen in figure 6.8. The program provides details about the
construction part involved in the specific issue and provides a Rulereport illustrated as number 9
in figure 6.7, which gives a report of the exact problem, which can be printed to Excel (see figure
6.8). In this case two walls intersect and the Rulereport, provides details on wall types and how
much the walls overlap by volume (see appendix E). In this case (see figure 6.8), it seems that
two walls are in fact modeled partially on top of each other and this issue would be marked with
ared “X” and would be send back to the architect with an illustration and a note saying on with
details on the specific type of issue. However, in this particular case the wall issue was not
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relevant for the energy analysis that this thesis focus on, but it was solved relatively easy in

Revit.

Total

Component Intersection
Component | Type [mm] Volume [m’] Volume [m?] | Percentage
Wall Basic Wall:Glass 1.19 0.00 0.28%
Wall Basic Wall:Exterior 500 139.36 0.39 0.28%
Wall Basic Wall:Concrete100 34.75 0.04 0.12%
Wall Basic Wall:Concrete 150 66.58 0.12 0.18%
Wall Basic Wall:Gypsum95 12.20 0.01 0.04%
Wall Basic Wall:Pergola 100 5.42 0.00 0.00%

Figure 6.8 — Top: Example of intersecting walls. Bottom: the corresponding Rulereport for these two walls and
some others with the same issue.

A more serious problem occurred with the skylight constructions, which in Revit were modeled
as an extruded box cut into the roof with integrated skylights on one side. The roof and
extruded skylight construction did not combine properly and the skylight family that Rubow had
created caused an extra opening at the back of the skylight construction, which would only be
visible in the gbXML file and not directly in Revit (see figure 6.9). Therefore this was looked into
in Solibri to locate what caused this seemingly unexplainable problem.
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Figure 6.9 - Left: the skylight construction in Revit. Middle: the skylight construction converted to gbXML file. Right:
the skylight construction seen in Solibri where the program illustrate that the skylight family are somehow colliding
with the skylight construction even though this is not visible in neither Revit nor the IES plug-in.

In figure 6.9 it seems that there are some conflicts with the skylights and the roof construction it
is attached to, which might be what causes the problem when converting from rtv file to gbXML
file. This picture from Solibri in figure 6.9 has been added to the BCF report as well as an Excel
report through the presentation section of Solibri and can be found in appendix E. With the
illustration and notes from Solibri, it was much easier to understand the issue and go back to
Revit and fix the model. In Revit the skylight family was looked into and modified to a simpler
version with less required space around. It was later discovered that this correction alone was
not sufficient enough to abolish the issue. Alternatively, the skylight construction had to be
modeled larger toward the back, or the extra opening could be deleted manually after import
into IES<VE>. The latter option was always available, but the other procedures were tested in
case of a future larger project were such manual corrections might be numerous and have to be
done by the receiving party. If this issue had to be corrected manually by the receiving party,
who does not have proper insights of the model, this could be an obvious source for potentially
errors or defects.

As figure 6.8 depicts Solibri found much more issues than what was highlighted in the gbXML
report. This has to do with the tolerance/ complexity level set up in the IES plug-in and only
some of issues found in Solibri were useful, like the skylight construction. Others did not seem
relevant in this case with focus on energy analysis. Those issues that were worth looking into,
have been included in an Excel report and used by the author to rectify the model in Revit as
explained in the steps in section 6.1.2.1 (See appendix E).

The Information TakeOff (ITO) program section is where specific details of each construction
component or type can be located and used for various purposes. A prerequisite for being able
to take advantage of the features the ITO section has to offer, is naturally that the user has prior
knowledge in the field and e.g. knows the principles behind quantity outlet. In this thesis the ITO
was used to generate an example of a building element components list (see appendix E), which
can be used by the contractor to determine the material types and quantities to be installed.
Another example could be generating of a space list with properties of area, number and so
forth, which for instance could be used for preparation of maintenance contract. An example
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where this was used is in one of the case studies in the [@G-DDB 2012] research project. In this,
the generated space list was used as basis for the preparation of the cleaning contract prior to
commissioning, providing much time saving for the cleaning company [@G-DDB 2012]. This case
is one example of one party doing the “extra” piece of work and another party harvesting the
benefits this can provide.

6.3 IES<VE>
This section contains prerequisite for use of imported models from Revit, technical
specifications of the IES<VE> simulation model and results obtained through simulations.

6.3.1 Adjustments to the model after import

6.3.1.1 Building components

Exchanges of models between different programs is often a question on what is possible to
exchange and how. Frequently the user will find that as described in section 6.1 (model transfer
from Revit to IES<VE>), a set of precautions have to be made and a specified procedures
followed. This is often true in both the sending and receiving software. In this case the Revit
model went through a number of modification before exporting as a gbXML file became
successful, but there are still a number of issues that has to be adjusted in IES<VE> prior to the
actual energy and indoor environment model set up can take place.

In the exchange between Revit and IES<VE> it is important to emphasize that the gbXML file is
an “approximated” BIM model, in the sense that it contains information regarding building
component properties from the predefined building component database. However, since this
list is non-editable it means that e.g. an exterior wall will be imported as this and contain the
materials assigned to this, but often this predefined list of components does not contain the
exact components you need. As a result the engineer has to construct and assign every building
component in IES<VE>. This means that in reality only the geometry and predefined (not
correct) information of building component is exchanged. Likewise, there gbXML file contains no
information about internal gains; this type of information has to follow the model separately. It
could be argued that this is not a direct architectural concern, but if the information is available
it would make a significant difference to have it somehow exchanged and attached the model.

In regard to the building components the author sees two possible scenarios which could
increase the interoperability and make this a more BIM like exchange scenario. A) The plug-in
could understand and use the material properties assigned by the architect in Revit and include
it directly in the exchange file. This is much like what the IFC format is capable of and IES<VE>
has announced that they are working on this type of exchange [IES BIM 2011]. B) The architect
could specify and assemble the building components used in the project directly in the plug-in.
This way the correct information would be included in the model, but it would require much
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extra time used by the architect on something that is not really his field and therefore would
most likely have to charge extra for.

6.3.1.2 Simplifications

In the conversion from a rvt file to a gbXML file the model was considerable simplified by the
use of the “simple with shading surfaces” complexity level. This is most evident in places where
relatively small geometries are joined for the sake of making the exchange and later simulations
run smother. However, there is no gain without loss and in this context it means that the
window frames are neglected, resulting in changes in the geometry size of the windows. These
are minor details, but could prove to be relevant when performing daylight simulations. To
compensate for this, the window geometries from the Revit and IES<VE> model have been
compared and consequently the Light Transmittance (LT) values of the windows in the latter
model have been adjusted. See appendix M for further details.

6.3.1.3 Simulated rooms

The entire modified Revit model has been converted and imported to IES<VE> to test this
process, but only a minor portion of these have been selected for simulation. This is due to the
fact that many of the rooms in the building is relatively identical, and it requires considerable
increase in input and setup time in IES<VE> for e.g. exposure and control profiles and HVAC
system specifications for each room included in the simulation. For these two reasons, it is
relatively common practice that only a few rooms are being analyzed and the rest of the
building is dimensioned based on estimations in relation to the simulated results. This approach
involves some precautions in regards to the indoor environment as well as energy simulations
which will be discussed later. The selections of rooms are based on their frequency of use,
varied internal- and external exposures due to gains and orientation as well as their diversity in
room type. The following room types are used for simulation:

e Common room (CR) 1, 2 and 3. Located in the southwest corner of the building, these
rooms have a high occupancy and solar exposure load. Two of the rooms (CR1 and CR2)
are simulated with similar interior loads and are representative for the kindergarten
section. This is done to test and make sure to get a reasonable representative, due to
varying transmission areas and to see if the model geometry had been imported correct
or if it contains issues causes during the model transfer process. If the model contains
incorrect geometry it would most likely be visible in the form of deviations in the
simulation results. The third common room (CR3) is representative for the nursery
section of the building which means that the occupancy load is considerably lower.

e Main kitchen. Located in the middle section of the building with a southwest facing
facade, this room is mainly in use during mid day, where it is exposed to high internal-
and possibly external gains and provides a working location.
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e The office. Located in the middle section of the building with a northeast facing facade,
this room has low internal gains form only one occupant and limited equipment.
The rooms’ location is illustrated in figure 6.10.
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Figure 6.10 - lllustration of the three room types’ location (north is up in the illustration). Red: common rooms;
yellow: main kitchen and orange: office.

6.3.2 Technical specification of the model

One of the intentions with the thesis is to test and evaluate the process from the architectural
drawings/model until finished indoor environment analysis in a dynamic simulation program
through the two described approach. Therefore the IES<VE> model has reused the as many
inputs possible from the most promising scenario in Bsim (scenario 2). As such, where ever
possible, the same technical specifications as in Bsim scenario 2, in terms of building envelope
materials, settings for the HVAC system, internal gains, occupant profiles etc. are reused and can
be referred to. However, in the section is a brief description of the main settings for the model.
The input for the IES<VE> model can be found in appendix M.

6.3.2.1 Site and climate data

The location set in the climate database is set to be Copenhagen which is 55.4 north and 12.3
east. IES<VE> uses a ground reflectance of 0.2 as standard and the terrain type is set to be
suburb. The Climate database is the Danish Design Reference Year (DRY).

6.3.2.2 Building operations
Energy used for pumps, fans, pipes, filters etc. are not investigated in detail in this thesis which
means that the standard IES<VE> inputs has been used.
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6.3.2.3 Building envelope
Building envelope properties are similar the description in section 2.8.1.4 and is shortly
presented in table 6.1.

Table 6.1 - Building envelope properties.

Bl vl U—valueztotal U-value 2center e [
[W/(m™*K)] [W/(m™*K)]

Roof: 0.1 - - -

Facade: 0.1 - - -

Windows: 0.95 0.9 0.57 0.73

Skylights: 1.2 1.1 0.43 0.71

Ground slab: 0.1 - - -

6.3.2.4 Domestic How Water

The energy used for Domestic Hot Water (DHW) is assumed to be the standard 100 |/m?
according to [SBi 213]. The value of 100 I/m? is the standard input in Be10 and therefore also
used in this context. However, in reality the DHW consumption might only be ~40-70% of this
because the standard value is based on a dwelling where showering is accounted for, which is
not very relevant in this type of building.

With the standard input, the energy consumption for DHW of is calculated by:

Energy DHW = Vouw * Pwater * Cwater * AT

kWh

1 kg k]
Energy DHW = =5.23

k]
3
3.6 x 103 7

Where:

Pwater: the density of water (1 kTg)

Cwater: the specific heat capacity of water (4.187 k;—il{

AT': the assumed temperature difference between water delivered before and after heating by
water from the district heating network (55°C — 10°C).
The energy used for the DHW is used in the energy calculation for the building later.
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6.3.2.5 Internal gains

The internal gains vary depending on the room type and size, but consist of the occupants and
electrical lighting in the common rooms. On top of this the office has gains from computer
equipment and the kitchen has gains from all common kitchen equipment which can be seen on
a list in appendix M.

6.3.2.5.1 Occupant profiles

The user profiles in Tranehavevej are used to estimate the number of occupants at any given
time in each of the three simulated rooms. The total expected number of occupants in the
daycare institution is approx. 102 children (22*3 + 12*3) and 20 adults. The common rooms
have the exact same profile as in table 5.11 and 5.12 in the Bsim section. The kitchen and office
occupant profiles are as illustrated in table 6.2.

Table 6.2 - Occupant profiles office and kitchen.

Occupants Time profile

Office 1 9a.m.-10a.m.: 60% 10a.m.-2p.m.: 80% | 2p.m.-4p.m.: 60%
Kitchen 2 10a.m.-3p.m.: 80%

The occupant in the office is expected to have a sensible load of 70 W and latent load of 50 W
according to the expected activity level and cross reference to ASHRAE standard. In the kitchen
these values are multiplied with 120% (educated guess) to take the expected higher metabolic
rate into considerations. The two kindergarten common rooms share inputs with the Bsim
model which takes the mix of children and adults into consideration. In the nursery common
room there are only 12 children (refer to 22 in the kindergarten rooms) and the children are
smaller, so the average loads are reduced by 20% by following the same calculation procedure
for heat production as in section 5.5.1.1 (Bsim occupant load) and [sundhedsguiden].

6.3.2.5.2 Artificial lighting

The general lighting level is 200 lux in the common rooms (as requested by Esbensen) and 300
lux and 500 lux is used in the kitchen and office respectable in accordance with the DS-EN 15251
standard. These values are sustained through a combination of daylight and artificial lighting to
ensure that only a minimum amount of electricity is used for lighting while maintaining a proper
lighting level. A dimming profile ensures that the lighting control lowers the artificial lighting
intensity in accordance with the amount of available daylight in each room, determined through
a daylight calculation in the Radiance application in IES<VE>.
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6.3.2.6 Ventilation strategy and HVAC

The ventilation strategy is set as similar to the strategy from scenario 2 in Bsim as possible, but
the difference in operation systems in the two programs causes minor differences to the results.
These operation differences are for instance in the way in which the ventilation system reacts to
CO, concentration. In Bsim the set point for CO, is fixed at 900 ppm. and in IES<VE> this
ventilation is set to activate at 600 ppm. with a steady increase until full load at 900 ppm. A
second example is the fact that exterior temperature can be included in the ventilation control
in IES<VE> and not in Bsim.

The infiltration and natural ventilation is activated through the program’s ApacheSim application
and the HVAC is applied through the ApacheHVAC application.

6.3.2.6.1 Infiltration
Same as in Bsim, all rooms has an expected infiltration rate of 0.06 h™ all year around.

6.3.2.6.2 Natural ventilation

The naturally ventilation is manually operated and can therefore only be activated during the
open hours (7 a.m. — 5 p.m.) of weekdays. The natural ventilation is controlled in the program by
the interior temperature and the CO, concentration in each room as depicted in table 6.3.
During summer the activation set point is lower than the rest of the year in order to address the
expected higher temperatures before this can become a problem. This way energy for the HVAC
system is saved by delaying activation of this until situations where the natural ventilation is not
sufficient. The air change by natural ventilation is again 2h™ [THV1] and the strategy is very
similar to scenario 2 from Bsim the main difference is due to the two programs different
operation methods.

Table 6.3 - Natural ventilation strategy.

al ventilation (o X g occupied ho anually operated
Summer - occupied (Jun. - Aug.) Ventilation activated | Full ventilation load
CO, concentration [ppm.] 600 900

Air temperature [°C] 20 22

Rest of year - occupied

CO, concentration [ppm.] 600 900

Air temperature [°C] 24 26

A minimum temperature of 10°C is expected before the natural ventilation is activated.

Activation of the natural ventilation in use during a summer day in the common room in the
Southwest corner of the building is illustrated in figure 6.11.
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Figure 6.11 - lllustration of the relation between the natural ventilation (red), indoor air temperature (green) and
CO, concentration (blue) on a summer day in a kindergarten common room.

Outside the summer months the natural ventilation is only occasionally activated when the set
point in table 6.3 is reached and the exterior temperature is above 10°C.

6.3.2.6.3 Mechanical ventilation

Similar to the natural ventilation, the mechanical ventilation system is also controlled by the
interior air temperature and the CO, concentration by a sensor in each room with operation as
depicted in table 6.4.

Table 6.4 - Mechanical ventilation strategy.

Ventilation strategy ‘ Activation set points
Occupied (7a.m.-5p.m.) Ventilation set point | Full ventilation load

CO, concentration [ppm.] 600 900
Air temperature [°C] 22 24
Unoccupied (5p.m.-7a.m.)

CO, concentration [ppm.] 1200 1300
Air temperature [°C] 20 22
Weekend

CO, concentration [ppm.] - -

Air temperature [°C] 25 27
The corresponding radiant floor heating set points are 22°C and 19°C during day and night respectively.
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When the ventilation set point is reached, the mechanical ventilation activates and increases the
air change rate if the temperature continues to rise until the maximum of 3h™. The system is set
to have a heat recovery of 85% from the exhaust air to preheat the inlet air at times where this
is necessary. The supply temperature is dependent on the exterior air temperature so the inlet
air temperature is preheated/ cooled accordingly to the exterior temperature. The setup of the
HVAC system is seen in figure 6.12.

5 Multiplex S rooms

g i
. NI

Figure 6.12 - Principle diagram for the HVAC system.

1) Heat recovery unit — 85% heat recovery from the exhaust air when the exterior temperature
is below 20°C.

2) Main supply fan for all five rooms attached to the HVAC system.

3) Cooling coil receives feedback from the exhaust temperature sensors in each room and
activates if temperatures exceed the set point values.

4) Heating coil activated in when exterior temperature falls below 20°C.

5) Multiplex illustration encompasses all five simulated room into the one illustrated for ease
of setup and adjustments.

6) Individual ventilation fan for each room with the following set points/full load values: day:
22°C / 24°C; night: 20°C / 22°C; weekend: 25°C / 27°C.

7) lllustration of the five simulated rooms, which may be adjusted as a unit or separately.

8) Location of the exhaust temperature sensor for cooling.
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9) Daytemperature sensor (7a.m. —5p.m.) providing feedback to the cooling coil according to
following set point/full load values: 24°C / 26°C; minimum inlet temperature: 18°C.

10) Night temperature sensor (5p.m.-7a.m.) providing feedback to the cooling coil according the
following set point/full load values: 22°C / 24°C; minimum inlet temperature: 18°C.

11) Exhaust ventilation fan.

*The VAV ventilation strategy are also dependent on the CO, concentrations as depicted in table
6.4 and has a maximum air change of 3h™ in all five room types.

Example of the operation of the mechanical ventilation is seen in figure 6.13:
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Figure 6.13 - Relation between the air temperature (green), CO, concentration (blue), mechanical- (yellow) and
natural ventilation (red) on a summer day. The peak of mechanical ventilation is around 6 p.m. is due to the change
in set points from 22°C during day and 20°C during night.

In figure 6.13 it is seen how the natural ventilation is activated when the occupants arrive in the
morning and because the air temperature raises the mechanical ventilation starts up again, after
having been off for short period in the morning. During the middle of the day when the
occupant density is expected to be highest around lunch, it is seen how the temperature and the
CO, concentration has a simultaneous peak point which causes the mechanical ventilation to
increase its air change rate.

6.3.2.7 Radiant floor heating
Similar to the Bsim setup the heating of the building is performed through a radiant floor
heating system active between the middle of September till end of April. Since the heating

111



D. Lgvborg Architectural Engineering, DTU BYG

supply is from the district heating network the utilization rate of this is set to 100%. Again here
the supply temperature is dependent on the exterior temperature with operation set point
temperatures of 22°C and 19°C during day and night respectively. The inputs for the radiant
floor heating are seen in table 6.5.

Table 6.5 - Parameters of the radiant floor heating system activated through the ApacheHVAC system.

Parameters for radiant floor Floor slabs  Source: calculation or assumption
Orientation Horizontal -
Radiant fraction 1 Heat transfer by radiation only
Reference temperature difference [K] 5 Assumption
Heating output at At [W/m?] 40 Assumption

Due to district heating the supply is
Maximum input from heating [kW] 20 assumed to be unlimited
Distribution pump consumption [kW] 0 Pumps are not applied
Material Aluminum | Best available option
Total weight of tubing incl. The tubes are assumed to have 20
water [kg/m?] 1.2 cm distance between them
Water capacity [I/m’] 0.7 Total weight of tubing incl. water

The peak heating consumption is during the morning hours on the 9" of February with 47.3 wW/m’.

6.3.2.8 Cooling

As seen in the HVAC principle diagram in figure 6.12, there is an exhaust air temperature sensor
connected to the cooling coil, which activates this according to table 6.6 and cools the
temperature of the inlet air. Cooling is only provided to the in the common rooms and not the
main kitchen nor the office.

Table 6.6 - Cooling set points.

Activation Full load Minimum cooling

Cooling set point [°C]  set point [°C] inlet temp. [°C]

Occupied (7a.m.-5p.m.) 24 26 18

Unoccupied (5p.m.-7a.m.)
+ plus weekend 22 24 18

The peak chiller energy consumption is during the afternoon on the 6" of July with 39.0 W/mz.

6.3.2.9 PV panels

The 25 m” solar panels were calculated to be necessary through the original Be10 calculation, to
ensure that the building fulfills BR15 energy requirements and are installed on the roof of the
southwest facing middle section of the building. In the original Be10 calculation the 25 m?® solar
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cells are added to the entire building. In this simulation of five representative rooms the same
PV panel area is applied but their energy output has been multiplied with a factor of 0.2 in the
total energy consumption calculation to adjust for the fact that the simulation only represents
20% of the building. The PV panels are meant to be aligned to the top of the roof in order to
make them blend into the architecture of the building as much as possible. The specifications of
these are the same as in the Bsim model, determined by a specialist at Esbensen and can be
found in appendix G.

6.4 Results of IES<VE>

6.4.1 Energy consumption

The energy consumption of the building is calculated on the basis of the five representative
rooms included in the IES<VE> simulation. These rooms are the same as specified in the
previous section. All together these five rooms comprise 195 m? gross area of the total 977 m?
gross area (~20%). Due to their diversity in terms of expected internal load, occupant user
pattern, expected energy consumption and orientation they are assumed to be reasonable
representation of the total conditioned and frequently used areas in the daycare institution.
However, there are rooms that due to their user pattern and room type requires considerably
less or no room conditioning, heating or lighting. These rooms are listed below with a
description in brackets next to the room type describing, which of the three categories they are
expected to consume less than the five representative rooms.

e Storage facilities (no heating, no air conditioning and seldom used lighting)

e Boiler room (no additional heating necessary, no air conditioning and seldom used
lighting)

e Staff wardrobe/ print room (only limited use of air conditioning and lighting)

o Staff toilet (only exhaust ventilation and limited use of lighting)

e Laundry/ cleaning room (only exhaust ventilation and limited use of lighting)

e Toilets (only exhaust ventilation)

If this consideration is taken into account, it would be possible to use this information and room
areas to calculate a weighted partial factor to be multiply on each category of the energy
consumption and thereby reduce the total energy consumption per square meter. This would
give a more accurate picture of the actual energy demand of the entire building and make the
IES<VE> energy consumption result more comparable, to the result obtained through the
original Be10 calculation, because this does include the entire building. However, a weighted
partial factor like this will easily be inaccurate and subject to a matter of opinion. Therefore in
this thesis the consideration is only brought to the reader’s attention but not used in the energy
consumption calculation.

Another factor worth mentioning which could potentially cause a minor deviation between the
result from the Bel0 energy consumption and the one calculated in IES<VE> is the fact that the
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five representative rooms all together have a lower transmission area to heated floor area ratio
than the entire building does. This difference is mainly due to the four of the five representative
rooms having no gable wall area. However, since the facades are relatively well insulated with a
U-value of 0.1 W/(m?*K), this detail is also neglected in this context.

Since the building is designed to fulfill energy consumption requirements of BR15 the COP-factor
on the cooling coil in the ventilation system is assumed to be relatively high at 4.0 [powerknot].
According to the building code the energy consumption for electricity is to be multiplied by a
factor 2.5, and according to the BR15 building code the energy consumption for district heating
may be multiplied by a factor of 0.8 [BR10]. The calculated energy performance of Tranehavevej
divided into separate categories is depicted in table 6.7.

Table 6.7 — The energy performance of Tranehavevej calculated in IES<VE>.

Energy service Energy/area Primary
(simulated area: 195 m?, COP: 4) Energy [kWh pr. year] [kWh/m? pr.year] energy factor [-]

Cooling 303 2.3 2.5
Total lights energy 1150 5.9 2.5
ApHVAC distribution fans. 1605 8.2 2.5
Heating 5562 28.5 0.8
DHW 1020 5.2 1
PV. Panels -504 -2.6 2.5
Energy performance BR15

[kWh/m? pr. year] 62.7
Energy performance BR10 (no primary energy factor on

[kWh/m? pr. year] district heating) 68.4

Cooling is only provided to the common rooms so the energy consumption here shall only be divided by 132m°. The
results from the PV panels are from the entire 25m’, so this needs to be distributed out on the entire building. The
calculated energy consumption in table 6.7 should be considered as a good indication of the institution’s energy
consumption but not the ultimate truth because the controls in the programs are very complex and could possibly be
trimmed even better than the case here and thereby reduce the energy consumption an estimated few percent. (See
calculation of energy consumption in appendix M (IES-VE)).

The calculated energy performance from IES<VE> in bold numbers is significantly higher than
the energy consumption in the original Be10 calculation (see table 6.8). In this context it should
be emphasized that the original Be10 calculation was made for authority approval during the
conceptual design phase prior to any dynamic simulations. This means that the original Be10 did
not include mechanical cooling as well as the ventilation rates in the original Be10 calculation
were too low, both of these parameters have been changed after the dynamic simulations in
Bsim and IES<VE>. Additionally, the original Be10 calculation is based on an exterior design
temperature of -12°C and an interior operative temperature of 20°C. To be able to compare the
results from Bel0 and IES<VE> another Be10 tailored calculation has been made. In the Be10
tailored calculation the ventilation rates, internal loads and other minor adjustments have been
made to fit the results of necessary ventilation rates and the more accurate input obtained in
IES<VE> (see details in appendix M). In the Be10 tailored calculation mechanical cooling has

114



D. Lgvborg Architectural Engineering, DTU BYG

been added to the common rooms (27% of the total building area) with the estimated COP-
factor of 4 and the design interior temperature is set to 22°C. The energy consumption results
from the two Bel0 calculations and the IES <VE> simulation are depicted in table 6.8.

Table 6.8 - Comparison of energy consumptions calculated in Be10 and IES<VE>.

Energy Relative energy
Interior design consumption consumption
temperature [kWh/m? pr. compared
day/night [°C] year] BR15 requirements [%]
BR10 energy frame 20 74.3%*
BR15 energy frame 20 43.3*

Energy consumptions
(BR15 values)

Original Be10
(authority approval) 20 42.5 98
IES<VE> simulated 22/19 62.7 145
Tailored Bel0
(to results from IES<VE>) 22 49.6 115

* Incl. 1.3 kWh/m’ supplement for extended operation hours above 45h/week [SBi 213].If the interior temperature is
set for 20°C in the Tailored Bel0 calculation the energy consumption is only 44.5 kWh/m’ pr. year, which is only 2
kWh/m’? pr. year and 1.2 kWh/m’? pr. year above the Original Be10 and BR15 requirements respectively.

It is seen in table 6.8 that the energy consumption calculated in IES<VE> is higher than both the
original and tailored Be10 calculation. In section 2.5 the three studies [Alilou, et al., 2011],
[Petersen, 2012], [Dethlefesen, et al., 2012] and the statement from Co-developer of Bel0
Sgren Aggerholm all came to the same conclusion that Bel0 tends to calculate a lower energy
consumption than the actual or the one calculated in a more advanced building simulation
program. Keeping this in mind, along with the precautions stated previously due to only five
representative rooms being included in the IES<VE> model, the actual energy consumption of
the building, when it is built and taken into use, will likely be somewhere in between the two
result of the tailored Be10 and the IES<VE> calculation.

6.4.2 Indoor environment

6.4.2.1 Thermalindoor climate

The thermal indoor climate is evaluated on the temperatures in the open hours of the year
being within the boundaries of the comfort zone. The amount of overheating hours in each of
the simulated rooms during this period is depicted in figure 6.14.
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Figure 6.14 — Overheating hours from simulations in Bsim and IES<VE> during weekday between 7a.m. - 5p.m.
(CR: Common Rooms; KG: Kindergarten; N: Nursery).

It is seen in figure 6.14 that despite the results large deviations, all rooms fulfills the thermal
indoor requirements in the building code. In the office and kitchen there are no overheating
hours, even without cooling applied, because these two rooms are subject to relatively limited
occupant loads and only during a certain part of the day. In the case of the office its orientation
toward the northeast and limited equipment load also limits its solar exposure and as a result
there are no overheating hours. In the kitchen there is one hour where the temperature drops
just below 20°C, this is the only one of the simulated rooms with temperatures below this limit.
Since it is only one hour and the kitchen is only in use during the middle of the day this is
regarded as acceptable.

In terms of the overheating hours in common room 1 (CR1) figure 6.14 shows, that there is a
significant difference between the Bsim scenario 2 results and the IES<VE> results for CR1. Some
of this may be explained by the small differences in the control of the two programs ventilation
even with the same set point temperatures, which makes them complicated to streamline
completely. An example of this was given previously with the natural and mechanical ventilation
in Bsim set to react on a more fixed set point than in IES<VE>. Another minor factor that can
have affected the results is the fact that the Bsim model has no extruded skylight construction
as the IES<VE> model has. This means that the Bsim model has a slightly smaller roof area than
the same room in the IES<VE> model.

Comparing the overheating hours in IES<VE> from CR1 and CR2 there seems to be a
considerable deviation between these as well. These two rooms are similar in all aspects except
CR1 is located at the southern corner of the building, and therefore has a considerable gable
transmission and solar exposure area toward south/southeast that CR2 does not have. The
reason why both of these rooms are included in the simulation was to check if the odd looking
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geometry around the skylights created as a result of the import process from Revit would affect
the simulated results. If this had been the case and this oddly looking geometry had in fact been
holes in the roof, it is assumed that the results would have had considerably larger deviations in
hours outside the thermal comfort zone of 20°C - 26°C. Therefore the deviation is assumed to be
caused mainly by the difference in transmission areas between the two rooms. In the nursery
room (CR3) the occupant load is approx. 80% the occupant loads in the other two common
rooms but the same ventilation and cooling is available. This could explain why there are almost
no hours outside the thermal comfort zone in CR3.

Taking a look at the thermal indoor climate in a single day example in the nursery common room
during a summer day illustrated in figure 6.15, it is seen that the ventilation rate reduces around
7 a.m. at the start of the day. This marks the change from the night set point temperature at
20°C and the day set point temperature of 22°C. This is also the reason for the raise in
ventilation rate at the end of the day at 6 p.m. The temperature can be seen to be lain in the
range of 20°C-22°C the entire day. The internal heat gain graph in figure 6.15 has a peak point
around lunch time at 12 p.m. this results in a peak in CO, concentration and ultimately in
ventilation rate which is determined upon temperature and CO, concentrations. (More similar
examples from the other simulated rooms can be seen in appendix M).
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Figure 6.15 - Example of relation between indoor temperature, internal gains, CO, concentrations and ventilation
during one summer day in the nursery common room.
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6.4.2.2 Atmospheric indoor climate

The atmospheric indoor climate quality is assessed on the maximum CO, concentrations in the
five representative rooms and compared to the results from Bsim scenario 2 in table 6.9. It is
seen that the CR1 and CR2 in IES<VE> shows CO, concentration values approximating limit of
1000 ppm., but no hours above this limit (see more in appendix M).

Table 6.9 - Number of hours during one year where the CO, concentration approximates the 1000 ppm. limit. in the
simulated rooms.

CO, concentrations

Hours >960 | Hours > 1000
Scenario and room ppm. ppm. ~max ppm.
Bsim scenario 2 CR1 (KG) 223 81 1060
IES<VE> CR1 (KG) 659 0 990
IES<VE> CR2 (KG) 659 0 990
IES<VE> CR3 (N) 0 0 670
IES<VE> Office 0 0 590
IES<VE> Main kitchen 0 0 450

(CR: Common Room; KG:Kindergarten; N: Nursery)

Comparing the number of hours approximation the CO, concentration limit from Bsim scenario
2 and IES<VE> CR1, it is seen that the Bsim scenario has approx. 1/3 as many hours above 960
ppm. as CR1 in IES<VE> but it seems that the ventilation in IES<VE> is better at avoiding going
over the edge of 1000 ppm. The lower three rooms in table 6.9, has the same air change rates at
the top three rooms and does not come near the CO, concentration limit, because the occupant
load in these rooms are considerably lower. Overall the air quality in all the rooms are
considered to be acceptable and within the comfort zone for a large majority of the occupied
time of the year. So the determined air change rates of 3h™ mechanical ventilation plus 2h™
natural ventilation during the summer seems to be sufficient.

In the example from CR1 in figure 6.16 the CO, concentrations during a period of 14 days in
January dipicted. Because most of the occupants are expected to be inside the majority of the
day during this time of year, this is assessed to be the peek period of CO, concentration in the
common rooms (see more in appedix M).
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Figure 6.16 - lllustration of the CO, concentration in CR1 during 14 days in January.

Figure 6.16 shows that the air temperature is kept at approx. 19°C during the weekend and
quickly raises when the occupants arive in the morning. It is seen that the air supply graph in
figure 6.16 is a dirict result of the raise in temperature and CO, concentration and both the air
change and CO, concentration graphs realitively quickly reaches their peak values of 3h™ and
just under 1000 ppm. respectively. When there are no occupants present for a longer period of
time, the ventilaiton system ensures that the temperature and the CO, concentration is
decreased to their ideal non occupied time values 19°C and 350 ppm. respectively.
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7 Discussion

7.1 The case study

7.1.1 Energy

The stated goal of the project in regards to the energy consumption was to fulfill the
requirements of BR15. According the energy consumption results in figure 6.7 and 6.8 it was not
possible to reduce the energy consumption of neither the IES <VE> simulation nor the tailored
Be10 calculation enough to fulfill the BR15 energy requirements. However, if the set point
interior temperature in the tailored Be10 calculation is set for 20°C the resulting energy
consumption is 44.5 kWh/m? pr. year (as opposed to 49.6 kWh/m? pr. year ), thus only 1.2
kWh/m? pr. year than the requirement. This indicates how much effect just 2°C has on the
energy frame and it will be illustrated how much this means to the amount of supplied energy/
renewable energy production.

At this point in the late project proposal / early preliminary design phase it is too late to make
any major passive design changes to the building, this should have been incorporated during the
conceptual design phase. If so, these passive design changes could have included incorporation
of natural night ventilation as the simulation has shown a relatively high demand for ventilation
to cool down the common rooms during summer nights, or alternatively reorientation of the
most exposed rooms (common rooms). If the common rooms had been orientated toward
another direction than southwest the cooling demand would most likely have been significantly
reduced or eliminated. However, orientation of the common rooms were decided back in the
building program by stating that these need have direct access and visibility to the outdoor
playground located in the southwest end of the property, opposite side of the road on the
northeastern side of the property [Rubow1].

Another option, which is no longer available at this stage, could have been to reduce the
transmission areas by having two stories as opposed to just one, same as the institution on
Baunehgj Allé which share contract and design team with Tranehavevej project. Concerns
regarding transmission areas were raised at a relatively early stage when Esbensen were first
involved in the case, but since the overall geometry had already been determined at that point,
this was not an available option either. The fact that the entire design team was not involved
from the beginning of the project makes it a less than ideal integrated design process. At this
stage the design team is left with options of renewable energy sources in order to be partially
energy self-sufficient and thereby reduce their demand for supplied energy. Renewable energy
was already incorporated in the form of PV panels during the conceptual design phase, but it
seems now that with increased ventilation rates, incorporation of cooling and raising the
operative temperature form 20°C to 22°C this causes an increased heating demand and the
original 25m? PV panel are no longer sufficient. One option to reduce the demand of supplied
energy could be to increase PV panel area, incorporate a heat pump or solar thermal panels to
reduce external energy demand for preheat of domestic hot water. If the client decides to go on
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with a solution with increased PV panel area to fulfill the BR15 requirements, the following PV
panel areas are necessary depending on the aimed operative temperature:

Table 7.1 - Relation between necessary PV panel area in the original and tailored Be10 calculation and their
corresponding operative temperature in order to fulfill BR15 energy requirements.

Operative Operative Total energy consumption at
temperature 20°C  temperature 22°C  20°C/22°C [kWh/m” pr. year]*
Original Be10
PV panel area [m?] 25 46 42.5/42.6
Bel0 tailored
PV panel area [m?] 32 50 42.5/42.5

*The corresponding energy consumptions are illustrated together with the PV pane areas because it is chosen not to
go directly to the limit of the energy frame (43.3 kWh/m? pr. year), but rather a little bit below this in order to be on
the safe side of the frame.

If the Be10 calculation is primarily used for authority approval than the standard set point
temperature is 20°C. In this case the tailored Be10 calculation indicates an increase of only 7m?
PV panel area compared to the original Bel0 calculation, in order to fulfill the energy
requirements in BR15.

7.1.2 Indoor climate

The dynamic simulations in as well Bsim and IES<VE> indicated cooling a demand to keep the
interior temperatures at an acceptable level during the summer months. When cooling is
applied in combination with a ventilation strategy that reduces the set point temperature during
night and benefit from lower exterior temperatures in this period the resulting thermal indoor
climate is very comfortable. Comparing the initial hand calculations from section 5.3
(Requirements for comfort ventilation) the necessary air change rate in regards to the
atmospheric indoor climate at 5.1h™, ended up being confirm as the determining air change rate
in the dynamic simulation which had 5h™ for mechanical and natural ventilation combined.

7.1.3 Daylight

Within the given boundaries of the case’s design there was not much room for improvements of
daylight conditions in any of the three room types included in the daylight simulation (common
room, kitchen and office). Especially in the common room a number of investigations have been
conducted to increase the portion of the room area with a daylight factor of at least 2%.
However, with the room geometry, facade windows and skylight sizes and locations
predetermined the investigation was merely a test of window properties to ensure some
daylight and reduce heat exposure from solar radiation through the skylight. These are
sometimes the terms in a given project, but if the author had the change to influence the design
more to optimize the daylight conditions, he would have preferred to go with the second design
proposal in appendix H. This solution split the skylight area and places 1/3 of the total ~3m?
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skylight glazing area aligned with the rest of the roof in the opposite corner of the skylight
construction.

7.2 Model transfer

The building analysis software IES<VE> used for investigation in this thesis supports model
exchanges of a number of different formats such as IFC, gbXML and dxf from an abundance of
modeling programs. However, this does not guarantee model exchanges between modeling and
building analysis programs can be expected to be flawless. As the two types of programs (design
and analysis) are developed for different purposes and the users of these often will have
conflicting interests regarding capabilities of particular building models, it is essential for these
two parties to communicate their model requirements to one another. As described previously,
this can be alleviated through establishment and use of the correct IDM and MVD(s) to
eliminate transferring problems such as those experienced during the preparation of this thesis.
The applied IDM should include clear definitions regarding modeling of all shared models e.g. in
the form of the modeling and exchange guidelines provided by IES for Revit models. Likewise,
with an exchange going the reverse direction the architect is responsible for letting the building
service engineer or any other partner, know how the shared model needs to be defined in order
for it to be understood by the design software.

It goes without saying that, if partner A is requested to make adjustments or perform extra work
for the sake of saving time for partner B this can be reason for dispute and conflict. Often one
party has to do the necessary work to enable information transfer in order for another party to
harvest the benefits of this. An architect may be requested to model according to specific
demands to accommodate the demands of the building service engineer and another set of
demands from the structural engineer. This can easily involve extra time used without
benefitting the architect directly probably causing him to consider whether it is worth investing
time in from his point of view. This is exactly the reason why BIM seeks to reach a high level of
collaboration, so that one party may not be disinclined to acquiesce to requests from other
parties in a project. However, the delivering party needs to be assured that it is not exclusively
the receiving party that benefits from this extra work. This can be done through incorporating
this strategy into the project IDM so that all parties knows what they are expected to deliver at
which time and ensuring that if the project goals are achieved and delivery happens according
to schedule all parties share project benefits.

Concerning the lack of information exported in the gbXML file through the IES plug-in the author
recognizes the following potential of improvements to increase the interoperability:

1) Asthe plug-in already can access differences between e.g. exterior- and interior walls in
the Revit model it would be beneficial to take this feature one step further. By
incorporating a function in the IES plug-in for Revit which through a cross reference to
the material library in the Revit model would be able to access which of the materials
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from the library are used in the model. This information would preferably be transferred
with the model geometry as assigned attributes to the building components ready for
the building service engineer to use for analysis. Alternatively, the information from the
Revit library could be generated as an attached list of updated building components
possibly with comments from the architect ready for the building service engineer to
design the corresponding building components in IES<VE>. Since the building
component information is already assigned in Revit this cross reference to the material
library would only involve alterations to the plug-in. This suggestion would not cause
extra modeling time for the architect (provided that the materials are assigned correct)
and it would provide the building service engineer with a building model containing
more information. This issue demands utilization of another file format than the
reasonably simple gbXML format, because this cannot contain information of neither
thermal capacity nor internal loads etc. [IES BIM 2011]. With incorporation of the IFC
format into the transfer plug-in the opportunities in this regard would be more.

During the model transfer from Revit it was experienced that after import in IES<VE>
the modifications options was very limited. The user may add or delete an entire room
or modify a building component attribute such as window or door, but alterations on
the geometry by e.g. adjusting the width of the skylight construction to test the effect of
increased skylight area was not possible. This feature is regarded as potentially
significant, because it allows the user to make alterations in IES<VE> for different
analysis without having to re-import and therefore re-assign all building materials, user
profiles etc. It should be mentioned that this issue is only relevant in imported models,
as models created in the IES<VE> ModellT application are subject to fewer restrictions.
However, in this regard the fact that the IES plug-in only supports one way transfer, any
modifications would have to be compared with a new imported geometry and the
program will indicate any inconsistencies between the two models. Alternatively the
architectural Revit model and the modified IES<VE> could be exported as IFC to Solibri
and checked for inconsistencies there. In any case it would be preferable with the ability
to do more modifications.

In relation to model clean up and correcting geometry problems assessed through the
IES Report in the IES plug-in it would be very beneficial to have more information than
just the type of issue along with the building component and surface/intersection of
question provided. If the report could provide information on the exact location of the
issue and possibly include an illustration it would be much easier to locate and correct
this in the Revit model. Since the IES Report does not provide this level of detailed
information to the user, it proved to be very beneficial to investigate the root of the
problem in Solibri model checker.
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7.3 Consistency model check

In the BIM workflow, Solibri is a very powerful piece of software to quality test and coalition
control BIM models, but it is important to know how to apply it correct. If project partners are
careless with modeling their individual subject, because they know errors will be detected in
Solibri later on, this might cause an escalation in generated errors [Solibri]. This situation
describes quite well the situation of the case study in this thesis, with numerous detected
errors. These long lists of errors might lead to extended correction time, which is neither the
intention of Solibri nor BIM [Solibri]. However, if Solibri is used early and consistently
throughout a BIM project, for quality assurance prior to the model division into subject models
(see figure 6.6), and later for coalition tests continuously throughout progress of the project,
then it can serve as a key tool in the BIM workflow [Solibri]. In figure 6.6 the red dots illustrate
appropriate times to conduct a Solibri model check, which conveniently could be prior to a
coordination meeting or whenever something of significance is changed. This expression and
illustration is intentionally very loose because the appropriate time to perform collision
detection might vary greatly from project to project, what is important is that it is being done
and used to coordinate models and eliminate inconsistencies.

In this project the possibilities of using Solibri was not used to its full potential because only one
model were checked against a BIM validation ruleset. Since there was only a Revit architectural
model and no subject models, consistency checks could not be performed. One of the very
handy functions in the Solibri software is exactly its flexible use, in the way it allows the user to
check against a large variety of rulesets or set up one’s own for a specific project. The support of
IFC and BCF formats makes the import/export and general communication to and from Solibri
smooth. The author finds software like Solibri and Naviate essential for the collaboration of
several models in any BIM project of a decent size. These programs are very diverse and provide
crucial elements to the puzzle of performing a proper BIM workflow between software
programs. Collision detection and smooth model transfer may not only save time and money
during a project’s design phases, but what might be even more important, is that the more
problems and coalitions detected during these phases the fewer will be present in the
construction phases. This is why the author believes that programs such as Solibri together with
gbXML and BCF formats will be increasingly used in time to come throughout the AEC industry.

7.4 The author’s personal opinion

Reflecting on the experiences during the preparation of this thesis with the limitations given in
the case study due to its predetermined design, the author would have preferred to have been
involved from an earlier design stage. It is a given that all projects will have certain boundaries,
but by earlier and continued involvement from all participants in the design team, the
conditions for performing a proper integrated design process would have been improved. The
author finds the integrated design process much preferable compared to a process where the
architect makes the first design and only then involves the engineers instead. The integrated
design process does require a higher level of collaboration and quite possibly result in increased
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expenses during the design stages as the MacLeamy Curve in figure 3.3 suggest. However, this
will easily be paid off by the savings in the operation of the finished building, which according to
figure 2.1 accounts for 89% of the total building costs over its life time because it is designed
better.

The author has yet to personally experience the full practical potential of fully incorporated BIM,
but believes that the experiences gained during the case study, with the demonstrated benefits
and the theory from section 3 (state of the art) illustrates BIM superiority to the document
based workflow. Despite the many problems encountered in the model transfer process in the
case study, the BIM approach came through as the better option under the proper
circumstances, and proved beneficial in terms of eliminating remodeling and the ability to
perform all three types of simulations in one single piece of software. The question of the
proper circumstances by software, knowledge and collaboration is however essential.
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8 Conclusion
The investigations in the thesis were made to test the hypothesis:

“Utilizing the full potential of BIM and advanced building design simulation tools will enhance
the integrated design process related to a building’s energy consumption and indoor
environment between architects and engineers.”

The hypothesis has been tested based on a literature study on relevant aspects of BIM and a
case study where the IED and BIM were practiced under the given circumstances through a
comparison of the conventional document based approach and the model based approach. The
parameters tested in the investigations of optimizing the daycare institution were: indoor
climate, energy consumption and daylight situation and related to the BIM workflow: benefits,
which party has the benefits, procedure and constraints/drawbacks in relation to the exchange
from the architectural model to the building simulation model which has resulted in the
following conclusion:

8.1 The case

The case study has illustrated that use of gradually more complex calculation tools throughout
the stages of the integrated design process, aided the building service engineer in the thesis
perform calculations of appropriate detail level in each stage. At the conceptual design stage
TCD was used to provide estimates of necessary ventilation rates and type of solar shading
based on the building properties determined at that point. This information can be used as
feedback to the architect for general design determination, but due to the circumstances of the
case the results was used exclusively for estimations of input for more advanced simulation
programs. Similarly a simple model from SketchUp was transferred to Daysim for early daylight
assessment analysis and feedback to the architect. As more details were determined by the
design team, increasingly complex software was used for proper analysis. However, any result
will always reflect the circumstances of which it was conducted. In the case study, many of the
design boundaries were determined prior to of involvement of engineers thus the changeable
parameters were very limited. This affected the outcome of the building’s passive design
properties and palliatives in the form of PV panel proved to be necessary to bring the building’s
energy consumption within the BR15 requirements.

The case study showed through simple as well as more complex building simulation tools, that
external solar shading was preferable, and that there is a demand for cooling to be added to the
ventilation air in the common rooms during some periods of the summer months. These rooms
were highly exposed due to their orientation toward southwest and a high occupant loads of
more than one person for every 2 m* (44m?*/25 persons) at peak times. In the original Bsim
simulation by Esbensen a scenario with a VAV system with an air change of up to 7h™ at peak
times during summer and no cooling was tested, but did not reduce the amount of overheating
hours enough to fulfill the demands of BR15. Instead with cooling applied when the summer
temperature exceeds 24°C and 22°C during day and night respectively, it was proved to be
possible to reduce the mechanical VAV ventilation rate to just 3h™ at peak periods. This means a
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reasonable reduction of the air handling unit and the ventilation ducts not to mention the
energy consumption used for ventilation. This solution obviously causes energy demand for
cooling applied to the inlet air which is reflected in the total energy consumption calculation.
The IES<VE> simulation further confirmed that the kitchen and the office had no demand for
cooling, because of low internal gains. With the determined ventilation strategy, the
atmospheric indoor climate requirements were fulfilled during 97% of the occupied time in the
Bsim simulation, and the entire occupied time according to the IES<VE> simulation.

In the dynamic simulation from IES<VE> the energy consumption of five representative rooms
did not live up to regulations in BR15. When applying the results from this simulation, the
original Be10 calculation was adjusted to a tailored Bel0 calculation which came just short of
fulfilling the BR15 energy demands. Results from the three calculations can be seen in table 8.1.

Table 8.1 - Simulated energy consumptions

Original Be10 IES<VE> Tailored Bel0
[kWh/m2 pr. year] 42.5 62.7 49.6
The Original Be10 is simulation on the basis of an indoor temperature of 20°C, where as the latter two simulations are
based on an indoor temperature of 22°C.If the tailored Bel0 calculation is set to 20°C the result is 44.5 kWh/m? pr.
year, only 1.2 kWh/m2 pr. year more than the requirement.

The tailored Be10 can fulfill the requirements with an additional 7m? PV panel area on top of the
25m” included in the original Be10 calculation. The daylight simulations of the common room
illustrated that the 2% minimum daylight factor requirement was not complied with in the back
corners opposite the skylight and a narrow middle section of the room. Hardly any design
changes could be made to any of the rooms and in the kitchen and office the 2% daylight factor
boarder line is approx. 2.8m and 2m respectively from the fagade. See figure 8.1 for details.

Figure 8.1 - Daylight factor distributions in the common room (left), kitchen (middle) and office (right).
(Relative room sizes are not correctly illustrated).

128



D. Lgvborg Architectural Engineering, DTU BYG

8.2 The BIM workflow
Based on the investigation aspects of the BIM workflow the conclusion of the stated
investigation areas are subdivided and explained in the following:

Benefits - Even though the model transfer from Revit to IES<VE> through the gbXML format is
strictly speaking not a fully operational BIM model exchange because it does not support
transfer of e.g. the correct building components; under the right circumstances, it can sill
involve significant time savings by elimination remodeling. The same goes for the SketchUp to
IES<VE> model transfer, if this is the choice of design tool. Where these transfers differ from one
another is the fact that aside from Revit models being capable of transfer to IES<VE> these two
programs support the IFC format, which opens for a entire new spectrum of opportunities
including interoperability with Solibri and the BCF format for consistence- and coalition control
and model correction. Additionally, the imported model in IES<VE> is fully capable of performing
all three building simulation analysis dealt with in the preparation of this thesis. Because of
these benefits, and the fact that building models may be exported from Revit to IES<VE> in up to
five different complexity levels, depending on the detailing accuracy and complexity required,
the author feels assured that this little sub-section of BIM can enhance the integrated design
process by smoothening the interoperability between the architect and the building service
engineer.

Who harvest the benefits? — The focus of the thesis involves primarily direct benefits for the
building service engineer because model transfer can eliminate remodeling at the receiver end.
In a broader perspective, a higher degree of collaboration between parties can lead to a better
working integrated design process and a better result for the client. In that sense the benefits
actually may go back to the architect if the process leads to a sharing of project profit.

Constraints/drawbacks — Exchange of models not designed with this intention in mind, but
strictly for use of one party is very difficult to transfer, and may as in this case, involve extensive
model adjustments and simplifications. Consequently, it may be much more beneficial for the
receiver to completely abandon a model, which is not designed for interoperability between
software programs and start all over on the model. Even with a relatively small building model
like the case study of this thesis, it was proved to be very time consuming and substantial
modifications were necessary for the model to transfer properly (procedures described in
section in section 6.1.2.1). This is why to get the most out a BIM workflow, it has to be well
planned, collaborative and preferably conducted according to the project IDM. The relatively
low complexity level in the plug-in transfer caused some model simplifications, which had to be
manually adjusted in the receiving software such as the change of window sizes/LT -values.

Generally it is concluded that the three main areas of investment (software, education and
collaboration) related to a collaborative BIM approach, proposed in the research project [@G-
DDB, 2012], was confirmed and proven to be a prerequisite during the case study of this thesis.
This is to be interpreted in the sense, that in this case study both the architects and the author
had access to the proper software, but lack of the right BIM knowledge, model creation and
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collaboration led to a complicated and cumbersome exchange process. Considering the Revit to
IES<VE> model exchange process, it has been experienced that the simplest geometry works
best for transfer, since it is mainly a geometry exchange. Additionally, it is important to consider
if the entire building model is necessary for analysis or only certain parts of this, because the
analysis program has vast possibilities, but setup is very time consuming and might not be
relevant.
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[CAD-Q]. http://www.cad-g.com
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Behavior. Autodesk Education Community. Online seminar: September 28" 2012.
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CADcenter. Lejrvej 15, 3500 Vearlgse. Seminar: Oktober 4™ 2012.

[Schoch, 2013]. Green BIM. Professor Schoch, O. Januar, 2013. Presentation at DTU.
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10 Appendixes

Appendix Specification

A [Rubow1]: Building Program

B Description of Preliminary Design

C Glazing properties

D BIM “State of the Art”

E Solibri generated material (Rulereport, ITO etc.)

F Examples from Solibri

G Original Be10 calculation & Tailored Be10 calculation
H Daylight factor illustrations incl. RadiancelES simulations
[ TCD

J Growth charts

K Bsim simulations

L Model exchange from Revit to IES<VE>

M Inputs and results from IES<VE>
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Byggeprogram

Ny Daginstitution Tranehavevej 15
Udsendt: 5.6.2012
Sag nr.: 1051

1 FORUDSATNINGER
1.1Ejer/administrator

Kgbenhavns Kommune

Fritids & Kulturforvaltningen
Kgbenhavns Ejendomme

Nyropsgade 1,5

1602 Kgbenhavn V

Kontaktperson: projektleder Lasse Bang.

1.2 Bygherre

Kgbenhavns Kommune v.
Kgbenhavns Ejendomme v. projektleder Lasse Bang, tel 26 73 43 24 (bygning)
Bgrne- og Ungdomsforvaltningen v. projektleder Mette Katrine Schrgder, tel 51 68 00 43 (psedagogik)

1.3 Opgaven

Opfarelse af ny selvejende, integreret daginstitution pa ca. 1050 m2 med plads til max 111 barn
fordelt pa til hhv tre bgrnehavegrupper og tre vuggestuegrupper.

1.4 Eksisterende forhold

Institution Bgrnehuset Bavnehgj er i dag en selvejende institution med 67 bgrn fordelt pa 24
vuggestuebgrn og 43 bgrnehavebgrn. Institutionen flytter ved byggeriets afslutning til den nye
institution. Daginstitutionen vil ogsa fremover veere selvejende.

Nabogrunden, som udggr den fremtidige grund for institutionen, anvendes i dag som boldbane for den
neerliggende folkeskole. Pa grunden star et starre skur, som tilharer skolen. Dette forudsaettes
nedrevet. Det er ikke afklaret, hvorvidt skolen fremover skal benytte Tranehavevej 17-19 som
boldbane. | s& fald m& byggesagen pélaegges at reetablere skuret pa denne grund.

1.5 Grundforhold

Grunden udggr del af matr.nr. 18e og hele matr.nr. 1780, Valby. | alt ca. 3.000 m2 grundareal.
Grundens adresse er Tranehavevej 15, 2450 Kgbenhavn S.

Omradet henligger som ubenyttet asfaltbelagt plads med hockey-bane. Der er opfart et ca. 50 m2 stort
skur i den nordlige ende, som efter det oplyste benyttes af skolen pd modsatte side af Tranehaveve;. |
det sydgstlige hjagrne er opstillet en transformator.

I randen af omradet er der hele vejen rundt taet bevoksning med buske og treeer. Det har ikke vaeret
muligt at opmale enkeltstammer pga. den teette bevoksning. Bevaringsvaerdige traeer markeres
saledes at der evt. kan foretages supplerende opmaling nar krat og buske er ryddet.

MILIOLEDELSESSYSTEM
DS/EN

CERTIFICERET 15014001
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Omradet er mod alle side afgreenset af tradhegn.

Matr.nr. 18e er en stgrre ejendom, som foruden opmalingsomradet ogsa omfatter Tranehavevej og
Nathalie Zahles Vej. Opmalingsomradets afgreensning falger langs Tranehavevej en eksisterende
vejudlzegslinie. | den sydlige del af omradet Igber vejudleegslinien — Nathalie Zahles Vejs forlaengelse
— dog inde pa omradet.

Matr.nr. 1780 er et lille trekantet areal, registeret med 134 m2, heraf 29 m2 vej, der udggr en
selvsteendig matrikuleer ejendom. Matr.nr. 1780 er udstykket fra matr.nr. 17c i 1929. Kgbenhavns
Kommune erhvervede ejendommen i 1931.

Vejudlaegslinien over matr.nr. 18e og 1780 stammer fra slutningen af 1920’erne. Det er uklart, om
Nathalie Zahles Vejs forlaengelse pa et tidspunkt har vaeret anlagt ind over omradet, svarende til
vejudleegslinien, eller om der blot er tale om en arealreservation, som aldrig har veeret udnyttet til vej.

1.6 Matrikuleere forhold

Dannelse af en ny selvsteendig ejendom til daginstitution pd omradet kan ske ved, at en del af matr.nr.
18e arealoverfgres til matr.nr. 1780. Den matrikuleere afgraesning af matr.nr. 1780 vil herefter svare til
tradhegnets placering, som er den naturlige afgreesning af omradet. Man ma ga ud fra, at Nathalie
Zahles Vejs forleengelse stadig skal hgre under vejmatriklen matr.nr. 18e.

Ved at udnytte, at Kgbenhavns Kommune i forvejen ejer matr.nr. 1780, og at gennemfgre ejen-
domsdannelsen som en arealoverfgrsel spares ca. kr. 8.400 (momsfrit) i afgifter og gebyrer til Staten
og Kort- og Matrikelstyrelsen.

I den matrikuleere sag bar vejudlaegget ved Nathalie Zahles Vejs forlaeengelse samtidig justeres,
saledes at det ikke overlapper den nye ejendom til daginstitutionen.

Savel de nye skel som omlaegning/sletning af vejudleeg skal godkendes i Teknik- og Miljgforvaltningen
efter saedvanlig procedure for matrikuleere sager.

Matr.nr. 1780 har ikke adresse i dag. | forbindelse med den matrikuleere sag skal der tildeles ny
adresse.

Den matrikuleere sag skal gennemfgres af en praktiserende landinspektgar.

1.7 Bygningsregulerende forhold

Fremtidigt byggeri er omfattet af Kommuneplan 2011, del 1122. Omradet ligger i byzone i rammeplan
Vesterbro / Kongens Enghave, d.v.s. omradet er afsat til boliger (3-6 ETAGER). Grunden ma
bebygges med 130 % i max 22 m.

Der skal etableres friarealer i stgrrelsesordenen 100 % af etagearealet.

Parkeringsnorm udger 1 p plads pr. 200 m2.

Tranehavevej er en privat feellesve;.

Grundens stgrrelser muligggr en institution i en etage. Placering af den ny bygning skal analyseres i
forhold til sol/skygge og bedst mulig udnyttelse af grundens friarealer i fglgende principper. Bygningen
skal holde sig 2,5 m fra skel. Der kan bygges skure pa 2,5 m’s hgjde op til skel.

Parkeringspladser forventes ikke anlagt i farste omgang, men arealet reserveres til en evt. fremtidigt
etablering. Indtil da kan arealet anvendes som friareal/ankomstareal. Dette skal dog endeligt

godkendes af myndighederne.

Der tages sa vidt muligt udgangspunkt i eksisterende traeplantninger.
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1.8 Forundersggelser

Der er ingen viden om forureningsgrad pa grunden. Plan for miljgundersggelser, geotekniske
boringer, vandspejlsboring og nedsivningsanalyse er under udarbejdelse. Det forventes, at jord i
omrader med afskreellet asfalt er forurenet i seedvanlig grad for byomréade.

1.9 Servitutter
P& matr.nr. 18e er tinglyst flg. servitutter:

19.08.1912 Fjernelsesdeklaration

Ikke til hinder for opfgrelse af ny institutionsbygning.

Dokumentet paleegger ejeren af matr.nr. 18e at fijerne bygning p& egen bekostning, nar det forlanges
af enkefru Groot. Det er ikke klart, om deklarationen vedrgrer den aktuelle del af matr.nr. 18e.

21.08.1929 Dok. om byggelinier, vej mv. Skal indga i projekteringen for ejendommen. 3 ck@ckland.dk
CK-Landinspektgrerne www.ckland.dk CVR nr. 30178793

Deklaration fastleegger byggelinie 12,5 m fra vejmidte langs Tranehavevej.

27.02.1932 Bebyggelsesplan

Skal indgéa i projekteringen for ejendommen.

Dokumentet paleegger, at arealet imellem Tranehavevej og byggelinien, jf. dekl. tinglyst

15.07.1927, skal anleegges som forhave efter en af kommunen godkendt plan.

Dokumentets side 2 er fuldsteendig uleeselig pga. darlig scanning i Tinglysningssystemet, sa det er
ikke muligt at redeggre for det gvrige indhold af deklarationen. Jeg bestiller kopi af deklarationen i
kommunens byggesagsarkiv. Under alle omstaendigheder vil bebyggelsesregulerende bestemmelser i
deklaration kunne aflyses med kommunen som pataleberettiget til servitutten.

05.11.1935 Dok. om udleeg af areal til gader

Skal indga i projekteringen for ejendommen.

Deklaration om udleeg af areal til Tranehavevej og byggelinie langs hermed (se ogsa dekl. tinglyst
21.08.1929 og 27.02.1932).

10.11.1947 Dok. om hgjdebegraensning
Ikke til hinder for opfarelse af ny institutionsbygning.
Dokumentet paleegger 25 m hgjdebegraensning ift. lufthavnsindflyvning.

30.10.1979 Dok. om transformerstation

Skal indgé i projekteringen for ejendommen.

Dokumentet giver Kgbenhavns Energi ret til at placere transformerstation i det sydgstlige hjgrne af
matr.nr. 18e. Iflg. deklarationens korthilag lgber ledningerne direkte ud til Tranehavevej, og er derfor
formentlig ikke til hinder for ny bebyggelse pa opmalingsomradet.

23.01.1995 Dok. om fijernvarme
Ikke til hinder for opfarelse af ny institutionsbygning.
Dokumentet paleegger pligt til at aftale fiernvarme.

26.04.2006 Dok. om transformeranleeg
Ikke til hinder for opfarelse af ny institutionsbygning.
Dokument om navnaendring hos Kgbenhavns Energi.
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2 PROJEKTET
2.1 Paedagogisk vision

Den nye institution skal bygge videre pa sine eksisterende vaerdier omkring et udviklende miljg, hvor
kvalitet og faglighed er i hgjsaedet. Der skal veere fokus pa betydningen af omsorg, trygge rammer og
trivsel for bgrnene, deres evne til at leere, lege og danne venskaber med hinanden. Det betyder bl.a.
mindre rum, kroge nicher, en bevaring af spisefunktion pa stuerne, og en udformning af grupperum og
toiletter som én samlet enhed. Det er vigtigt at de gamle traditioner og vaerdier kommer med over i de
nye rammer som et samlet hus med feelles mal og veerdier.

Den kreative profil giver en meningsfuld ramme for brugerne, og for den direkte sanseoplevelse i et
autentisk miljg, som stimulerer nysgerrigheden og kreativitet hos bgrnene.

fa et vaerkstedsrum, hvor fantasien kan tage over og hvor der er mulighed for at lukke dgren, sa vi
samtidigt kan bruge rummet til storbgrnsgruppen. Det er netop i vaerkstedsrummet, at bgrnene har
mulighed for at styrke og @ve sig i finmotorik.

Barn udvikler sig optimalti glade og trygge rammer. Der gnskes samtidigt et kombineret rytmik-
/motorikrum, hvor der er muligheder for forskellige former for bevaegelse. | dag har bgrn desvaerre en
tendens til at blive optaget af mere stillesiddende aktiviteter, s& derfor anses det for meget vigtigt, at
barnene far mulighed for at bevaege sig, nar de er i vuggestuen eller bgrnehaven.

| dag er dgrene abne, nar der ikke er en aktivitet i gang i de enkelte grupper. Det betyder, at alle bgrn
og voksne kan faerdes i hele huset, og at hele huset kan bruges ud i de yderste kroge, sa der er
mange flere legemuligheder. Det er vigtigt, at denne mulighed ogsa er at finde i det nye hus, samt at
der er (lydteette) dgre imellem stuerne, sa personalet kan hjaelpe hinanden med at holde gje med
barnene i dagligdagen, sikre at de voksne ikke er alene pa stuerne, og forbedre mulighederne for at
samarbejde og hjeelpe hinanden. Abne dgre og fri faerden medvirker ogsa til at bgrn, foreeldre og
personale leerer hinanden bedre at kende.

De udendgrs legearealer udformes med tanke pa gode opsynsforhold, samtidigt med at
barnehavebgarn og vuggestuebgrn skal kunne lege adskilt fra hinanden pa én vild og én stille
legeplads. Udearealerne skal sikre motiverende miljger for bade drenge og piger.

Projektet udvikles med fokus pa inspirerende, rumlige oplevelser i bgrnehgjde, gode arbejdsforhold og
arkitektonisk/baeredygtig kvalitet.

2.2 Funktioner og indretning
Institutionen indrettes med udgangspunkt i Byggeprogram for Daginstitutioner 2011.

Der er i byggeudvalget derudover udmeldt falgende funktionsgnsker, som sa vidt muligt forsgges
indarbejdet i projektet:

Ankomst
e Vindfang med plads til fodtgj, sd institution kan vaere sa ren og sandfri som muligt, snav skal
afvikles hurtigt.
e Foreeldre skal tage sko af i hovedindgangen / grov-garderoben. Kraever at forholdene er til det.
e Fra hovedindgang fordeles til de 2 afdelinger

Feellesrum
e Mulighed for modtage- og lukkefunktion i tilkknytning til kekken.
e Omrade til feelles morgenmad, fra 10 til 30 bgrn. Evt. klapborde pa veeg.
e Maleveerksted
e Rytmikrum
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Grupperum

Et utraditionelt hus.

Vinduer i forskellig hgjde

Indendgrs sovefunktion (evt. kombineret med rytmik)

Grupperum udfgres med stillerum. Udtraekskgjer undersgges.

Meget veegplads.

Grupperum (stuer) skal kunne deles op med foldedare, skydedgre e.l. Adgang mellem
grupperum i hver afdeling i form af ’lydtaette’ dare som en fremtidssikring (voksendgre m. hgje
handtag.)

Veranda

Udsyn fra stuerne til vejen — i bgrnehgjde

Ingen udgang fra stuer til legeplads (grundet snavs)

Barnegarderoberne (specielt barnehavegarderoberne) er separate med direkte udgang ud til
legepladsen - ikke 66 bgrnegarderober klistret op af hinanden. — og ikke en lang gang
gennem hele bygningen.

Direkte vinduesudluftning pa badevaerelserne

Dobbeltdgr fra feellesrummet til legepladsen

Liggehal udfares uopvarmet med 24 krybber, gvrige vuggestuebgrn sover pa madras
indenfor, i stillerum, direkte tilknyttet vuggestueafd. og i ro fra legepladsens vilde omrade.
veere dobbeltdgr fra faellesrummet til legepladsen

Liggehal helt op af huset.

Skur pa grund til bleer etc.

En sluk alt kontakt ved hovedindgang.

Personalefaciliteter

Den samlede stgrrelse pa det faste personale vurderes at veere 20, hvilket udlgser 2
personaletoiletter.

Voksengarderobe samles i et omrade med aflaste faciliteter.

Centrale p-faciliteter, ikke for lange gaafstande, dog gerne i fred for det eksterne flow
(foreeldre)

Der tages hurtigt kontakt til myndigheder m.h.p. afklaring af parkeringsbehov pa grunden, idet
det vurderes, at der er gode p forhold pa Tranehavevej i dag. Personalet karer ikke i bil.
Centralt kontor og samtalerum

Personalestue vil max anvendes af 10 pers. pa samme tid, kan evt. mindskes i forhold til
byggeprogramkrav. Behov i thekgk: kun kaffe/the og kaleskab/vask.

e Produktionskgkken skal have direkte adgang i forb. med vareindlevering
o Kgkkendepotet i direkte tilknytning til kakkenet - indhak til morgenspisning.
e Toiletvinduer ogsa pa voksentoiletterne
Inventar
e Det eksisterende inventar bestar af 2 grupper (3 &r gamle) og 2 meget gamle grupper, hvor
inventaret er meget nedslidt.
Udendgrs
e Aktiv zone/stille zone
e Hvordan kan vi sikre os, at det bliver vildt nok for de store bgrn?
e Smabgrnsomrade skal kunne aflukkes efter behov.
e Naturlegeplads d.v.s naturlige legeredskaber og jord, sand, lille greesareal til picnic, traeer og

buske, ingen stgrre ’kunstige’ omrader.
Legepladsen er 3 &r gammel, mange legeredskaber kan genbruges, landskabsarkitekt
indarbejder sa vidt muligt de gode ting fra legepladsen.
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Kgrebane som veje

Cykler i lukket kredslgb.

Drivhus

Samlingsplateau

Leeomrader

Der er gnske om veludvoksede traeer pa den nye grund

Der skal veere plads til at gemme sig, evt. mulighed for at bevaege sig helle vejen rundt om
bygningen.

Stgjveern mod byggeplads har hgj prioritet.

Tranehavevej 17 har faet udskiftet jord for ca. 10 ar siden.

Skolens skur pa byggegrunden skal genetableres pa Tranehavevej 17.

Kan bygningen ligge s& langt mod gammel grund som muligt — parkering pa vejen optrappes
jo teettere vi kommer pa skolen og fritidshjemmet + st5gj fra frikvarterene.
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2.3 Organisation

Fglgende organiseringsprincip er udarbejdet i samrad med brugerne:

vild legeplads
A

renovation

...........

legeplads

indgang henvendt mod gaden

liggehal

.....
.....
----------

TRANEHAVEVEJ NY DAGINSTITUTION
ORGANISATIONSPRINCIP FOREL@BIGT 15.5.2012
RUBOW ARKITEKTER A/S
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2.4 Arealer

Vedlagte arealskema redeggr for forventede rumstgrrelser.

2.5 Energikrav og koncept
Bygningerne opfares i lavenergiklasse 2015.

Der er udarbejdet et overordnet energikoncept baseret pa udvalgte, gennemgaende prioriteringer, der
tager udgangspunkt i b@rnenes univers og personalets dagligdag.

| konceptet indgar falgende fokuspunkter:

1. Robusthed:

- Bygningsvoluminet tilpasset stedet med passive designtiltag (vind, sol/skygge etc.)
- Abent/lukket bygningskrop

- Mulighed for zoneopdelt ventilering

-S4 lidt teknik som muligt

- Bygningen skal ikke kunne 'bruges forkert’

2. Lokal afledning af regnvand

- Etablering af synligt nedsivningssystem som del af legeplads med paedagogiske tiltag
- Etablering af grgnne tage

3. Indeklima

- Optimerede dagslysforhold med udgangspunkt i dagslysberegning for grupperum

- Optimering af udhaeng/solafskeermning

- Anvendelse af lyse, beeredygtige materialer

- Integrering af akustikregulerende overflader

- Etablering af sivelofter med god luftcirkulationskomfort

Miljgplan udarbejdes med udgangspunkt i disse fokuspunkter og deres angivne virkemidler.

2.6 Risikoanalyse gkonomi og tid

Forhold vedr. stikledning til fiernvarme er uafklaret. | den forbindelse undersgges mulighed for
opvarmning via varmepumpe og fritagelse for fiernvarme. Lgsningen kan have store gkonomiske
fordele pa sigt i sammenligning med en evt. dyr opkobling til fiernvarme.

2.7 Tid

Kontraktbaseret tidplan er forsat geeldende.

2.8 @konomi

Budget og statusrapport fremsendes saerskilt til bygherre.

Byggeriet forventes udbudt sammen med den ny daginstitution pa Bavnehgij alle 40 i

hovedentreprise med Rubow Arkitekter A/S som totalradgiver. Entreprengr kan herved
etablere en feelles byggeplads.

2.9 Myndigheder
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Der er indledt kontakt med Center for Byggeri v. Suna Sirek Uldbjerg. Det forventes at afholde et
formgde med Center for Byggeri og Center for Bydesign omkring parkeringsforhold, arkitektoniske
bindinger og overordnede regler vedr. beregning af flugtveje, liggehaller og overdaekkede arealer i
begyndelsen af naeste projektfase.

Parkering planleegges afviklet pa egen grund med udgangspunkt i Kommuneplanskrav om 1 plads pr
200 m2. fordelt som fglgende:

Handicapparkering: 1 x 17,5 kvm= 17,5 kvm

Leverandgrparkering: 1 x 25 kvm= 25 kvm

Alm. parkering: 3 x 25 m2

Det undersgges naermere, om parkering kan afvikles pa Tranehavevej.
Cykelparkering dimensioneres som angivet i arealskema.

Der kan etableres op til 150 m2 skur uden at de indregnes i etagearealet.
Liggehaller skal medregnes i etagearealet i beregning af bebyggelsesprocent og bebygget areal, men
ved beregning af starrelsen af friareal i forhold til institutionens etageareal, kan liggehal friholdes i

beregningen, hvis der i gvrigt kan etableres et passende opholdsareal til bgrnene (Per Séderhamn)

Til etagearealet medregnes ikke areal til liggehal og skure, safremt dette areal ikke udgar mere end 25
procent af det samlede etageareal (jf. BR10).

Til friarealet medregnes ikke altaner og legeplads pa tag.

2.10 Kvalitetssikring
Projektets starrelse og funktion giver ikke anledning til seerligt behov for eksterne konsulenter.

Brandprojekt udfgres med udgangspunkt i eksempelsamlingen og krav iht BR10 for
anvendelseskategori 6 byggeri. Institutionen forventes udfgrt som én brandsektion.

Akustikprojekt beregnes af leverandgrer.
Plan for sikkerhed og sundhed udarbejdes parallelt med projektering.

Der udfgres tveerfaglig kvalitetssikring i forbindelse med udarbejdelse af
hovedprojekt/udbudsmateriale.

Bilag til byggeprogram:

Arealoversigt
Beeredygtighedskoncept
Malszetning legeplads
Forelgbige disponeringsskitser
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Kebenhavns Kommune

Center for Bydesign. Kontaktperson: Jan Kendzior
Center for Byggeri. Kontaktperson: Suna Sirek Uldbjerg
Center for Milje



2.0 HOVEDDISPOSITION

2.1 Opgaven

Nedrivning af eksisterende skur.

Opfaerelse af ny selvejende, integreret daginstitution pa 977 mz2 til hhv. tre barnehavegrupper og tre
vuggestuegrupper. | forl&engelse bygges en liggehal pa 46 mz.

Byggeriet vil skabe rammer for et udviklende miljg, hvor der er tryghed for trivsel og narveer. Projektet har
fokus pa at skabe inspirerende, rumlige oplevelser i barnehgjde og samtidigt give gode arbejdsforhold for
personale og medarbejdere.

Byggeriet vil vaere fremtidssikret arkitektonisk og have stor baeredygtig kvalitet.

2.2 Eksisterende forhold

Institution Bgrnehuset Bavnehgj er en selvejende institution med 67 barn fordelt pa 24 vuggestuebgrn og 43
barnehavebarn. Daginstitutionen vil ogsa fremover vare selvejende.

De omgivende nabobebyggelser er i gulmuret, tegl med 45 graders taghaldning og fremstar i 3-4 etager.
Denne bebyggelse danner en ryg ast og syd for grunden, hvorimod grundens gvrige kanter mere er praeget af
lave skure og beplantninger med bagvedliggende trabevoksning som tilhagrer Vestre Kirkegard. Der er plads
til stilhed i en travl hverdag.

Beplantningen tilstraebes bevaret i det omfang det er muligt. Bevaringsvardigt beplantning reetableres ved
skade eller faldning.

Se bilag - ejendomsrapport

Grunden har gennemgaet en undersggelse af overfladejorden iht. 50 cm reglen i jordforureningsloven §72b.
Jordforurening er kortlagt til jordkvalitetskriterierne i niveau med kl. 3-4 jord. Overskridelserne skyldes
overvejende indholdet af kulbrinter.

| forbindelse med a&ndret arealanvendelse til bgrneinstitution, skal de averste 50 cm afgraves og erstattes
med 50 cm dokumenteret ren jord. Al afgravet jord skal bortskaffes til jordrenser som forurenet jord. Pga.
grundens kotering/terran vil en stor del at forureningen kunne handteres ved direkte pafyld.

Der sgges om en §8 tilladelse inden opstart af byggeriet.

Se bilag - analyserapporter, geoteknisk rapport

2.3 Grunden

Grundens adresse er Tranehavevej 15, 2450 Kgbenhavn S

Grunden udger en del af matr.nr. 18e og hele matr.nr. 1760, Valby. Der skal udfares en
matrikelsammenlagning af en del af matr.nr. 18e og hele matr.nr. 1760. Dette tinglyses og nye skellinier skal
godkendes af Teknik- og miljgforvaltningen, Kebenhavns Kommune.

Grunden udger 3000 m2.

Eksisterende skur pa ca. 50 m2 nedrives i forbindelse med byggestart.

2.4 Lokalplansforhold

Der foreligger ikke lokalplan for omradet og der er heller ikke krav om udarbejdelse af ny lokalplan.
Gaxldende kommuneplan skal falges. Grunden ligger i byzone i rammeplan Vesterbro/Kongens Enghave, dvs.
der ma bebygges 130 % i en hagjde op til 22 meter.

Der etableres friarealer i st@rrelsesordenen 100 % af etagearealet.



2.5 Parkeringsforhold

Krav til bilparkering fra myndighedernes side iflg. kommuneplanen er mindst 1 parkeringsplads pr. 200 mz2,
hgjst 1 pr. 100 m2. Krav til cykelparkering er 1,5 pr 100 m2 nybyggeri. Dette svarer til 5 pladser

Iflg. oplaeg fra BUF skal der udlaegges areal til 3 p-pladser, heraf en handicapplads samt en plads til
vareaflevering. Der findes i dag betalingsfri parallelparkering i gaden. Udlaeg kan udferes med max 5 m
overkarsel. iflg. kommuneplanen skal der anlaegges 4 p-pladser. Ifg. Aftale med Center for Byggeri, falges
BUF’s angivne parkeringsbehov.

Der etableres 2 stk. p-pladser samt 2 stk. handicappladser, hvoraf den ene kan bruges til vareaflevering.

Jf. byggeprogrammet skal der etableres cykelparkering til foraeldre svarende til 5 pladser pr. gruppe, samt
overdaekket cykelparkering til personalet - 0,5 plads pr. ansat, i alt 30 pladser. Behovet for cykelparkering
vurderes at kunne imgdekommes ved overholdelse af myndighedernes krav. Der etableres saledes 11
overdaekkede pladser, samt plads til 6 ladcykler.

Se bilag - vedr. parkeringsbehov
2.6 Arkitektur
Arkitektonisk idé

Den nye selvejende bgrneinstitution pa Tranehavevej er en institution i teet kontakt med naturen med mange
rum og nicher placeret i overgangen mellem ude og inde. Den organiseres i 3 hovedomrade; vuggestuen i
nord, felleshuset i midten, og barnehaven mod syd.

Institutionen er i 1 etage med et stort centralt teknikrum pa 1.sal. Parkering, renovation og cykelparkering
afvikles langs bygningens gstfacade i respekt for de eksisterende traeer. Mod vest fremstar en zoneinddelt
legeplads, der vokser omkring bygningens sydlige facade og sammenbindes til en mindre grennegard mod
gaden inden den store spidslan. Den granne kant mod kirkegarden bevares sa vidt muligt som
karaktergivende element pa legepladsen.

Bygningen skal nedskaleres vha. opdeling i tag og facader som via fremspring og tilbagetrakninger laver sma
steder og kroge omkring bygningen. Samtidigt tillader kompositionen af vinduer i de forskudte bygningsdele,
at der kan komme lysindfald fra nord, syd, @st og vest.

Ved at udfere facaden med traelister kan alle institutionens faciliteter samles i én bygningstruktur som giver
enkelthed og overskuelighed. Man kan fa fornemmelsen af et hus som giver lyst til ophold.

Alle vinduespartier etableres ud fra ngje hensyntagen til udsigtsforhold og de enkelte rums funktionalitet,
saledes at grundens potentiale og bygningens indre struktur udnyttes maksimalt.

Endelig er bygningen udformet med udgangspunkt i barnets verden. Vinkehuler i facaden, rumlige
opholdsarealer, farvesatning og motiverende legehjgrner med forskellige taktile overflader er med til at
skabe variation og oplevelse i dagligdagen.

Ankomst

Grovgardeoben leder direkte til hhv. barnehave, vuggestue, produktionskekken og personaleafdeling.
Hovedindgangen placeres i forbindelse med falleshuset, og leder videre til en gennemskarende
grovgarderobe med stor panoramaovenlys, hvor alt beskidt fodtgj opbevares i gruppebaserede
indretningsmgbler. Rummet giver god plads til, at alle husets brugere og gaster kan beskytte eller skifte
deres udendars fodtgj som garanti for, at resten af institutionen er skofri og ren.

Herfra kan man komme videre via grov/vandvarksted til legepladsens centrale overdaekkede udevarksted,
som ogsa opdeler udearealerne i ’lille’ og ’stor’ legeplads. Her placeres ogsa de 2 udetoiletter. Der er
indarbejdet 2 t@rrerum - ét til barnehaven og ét til vuggestuen.

Fra grovgarderobe fordeles til de to barneafdelinger.
Faelleshuset

Fallesrummet udfares som en serie sammenhangende rum der fletter omkring produktionskekkenet og et
centralt fallesdepot. | faellesrummets ene afdeling etableres paedagogisk kekken via abning i veeg mod



produktionskgkkenet. Her gares plads til podieopbygning for b@rnene, og et par borde til
morgenmadshygge, eller samling omkring det selvproducerede mad.

Fellesrummets anden afdeling fremstar fleksibelt og kan bade anvendes til rytmik, vaerksted, samling og fri
leg med direkte adgang til stor veranda. Dagslys tilf@res via glasfacade og et stort ovenlys.

Der er skabt en ekstra adgang til legeplads fra det ene grupperumsomrade aht. logistikken i huset.

Bornehaven og vuggestuen

De to barneafdelinger udfgres ens med udgangspunkt i en enkel rumopdeling bestaende af 3
sammenbyggede huse reprasenterende 3 grupperum med tilhgrende birum. Mod vejen etableres garderobe
nicher med vinkehuler i facaden. Garderobe zonen er stor og anvendelig, anvist med foldeborde til arbejdet
med mindre barnegrupper. Det er vigtigt at udnytte dagslys og udsigtsforhold ogsa fra denne side.

Grupperum placeres mod legepladsen, og det enkelte grupperum opbygges af 2 elementer; det starre
grupperum med udgang til lille veranda og stillerummet med vinduesniche. Stillerum afskilles fra grupperum
med en let veeg som pa et senere tidspunkt kan fjernes.

Puslerummet med toiletter placeres centralt i ’huset’ med oplukkeligt ovenlys og fast vinduesparti ind mod
grupperummet med udsyn herigennem til legepladsen. Vagge i alle puslerum udfgres med fliser som er
nemme at renggre og alle gulve udfgres med gulvaflgb i en lys vinylbelagning. Der etableres brusefunktion i
et toilet i b@rnehaven. Vagges males i farve

Depoter placeres som selvstaendige rum i forbindelse med grupperum.

Mellem de 3 grupperum etableres almindelig der, der sikrer lydkrav mellem rummene, udfert med hajt
handtag. Der er fokus pa at bevare store vagflader til mgbler og udsmykning/udstilling.

En berneafdeling kan underdeles visuelt ved at udfare forskellige farver pa gulvene for hvert "hus’. Herved
kan f.eks. garderobezonen indrettes padagogisk, idet 'man’ bor pa en sarlig gulvfarve, og ens ting ikke ma
overskride denne farve.

De sma private verandaer fungerer dels som solafskaermning, dels som en lille privat udendars zone i relation
til hver gruppe. Dette betyder dog ikke, at der skal vaere udgang fra grupperum til legeplads i det daglige.
Fra legepladsen vil selve verandamotivet fremsta som sma legehuse, man kan sage ly i.

Liggehal etableres ud mod det nordlige skel i skygge af bade bygning og beplantning og med direkte adgang
til bade garderobe og legeplads. Liggehallen udfares uopvarmet og indrettes med 24 krybber og fokus pa at
skabe et attraktivt arbejdsrum. De st@rre vuggestuebgrn sover pa madras indenfor, i stillerum, direkte
tilknyttet vuggestueafdelingen samt i ro fra legepladsens vilde omrade. Madrasskabe opstilles lige ved
udgangen til liggehallen.

De specielle rum - farver og materialer
Den faste indretning prioriteres omkring fallesrummet, facadernes opholdsmulighed og
grovvaerkstedet/garderoben.

| feellesrummet udfares 2 store vagflader af traepaneler med skabe samt mulighed for nedklappelige
bordplader. Spisezonen indrettes med plads til 10-20 barn.

| grovgarderoben etableres skovagge til 3 barnehavegrupper. | garderober flettes ydervaeggens indvendige
side med barnegarderober med abninger i facaden.

Resten af bygningen fremstar i rolige materialer, d.v.s. hvide vaegge og hvide traebetonlofter. Gulve fremstar i
hver sin farve i de enkelte huse og stillerum kan males til specifikke stemninger eller udfares med grafiske
tapeter.

Inventar
Last inventar indkgbes af institutionen.

Personalefaciliteter

Personalefaciliteter er orienteret mod den rolige gadeside. Adgang hertil kan ske direkte fra vindfanget for at
skabe maksimal ro i barneafdelingerne. Kontoret ligger farst der er flankeret af samtale/arbejdsrum og
personalestuen, har et stort vinduesparti mod nord. Personalestuen udfgres med tekgkken samt
indeholdende et kaleskab og en handvask med plads til elkoger, kaffemaskine ell.lign.



Produktionskekkenet placeres med udsyn over legepladsen, og far herved en padagogisk funktion som
centralt holdepunkt for institutionen. Vareindlevering sker via grovgarderobe. | tilfelde af sparerunde kan
gang til legeplads i vuggestueafdelingen fjernes og grovgarderobe gares smallere.

Personalegarderobe placeres sammen med personalebad naer hovedindgangen i relation til vaskeri.
Der etableres et personaletoilet i hver afdeling.

Personalet kan fa taskeskabe i relation til de respektive bgrnegarderober. Legepladsjakker kan opbevares i
grovgarderoben.

Udvendigt etableres overdakket cykelparkering ved hovedindgangen og renovationsskur i forbindelse med
liggehal/barnevognsskur i tilknytning til Tranehavevej.

2.7 Materialer og farver

Bygningen udfares i materialer som er taktile og robuste. Det giver et hus som er rart at rere ved og
samtidigt er holdbart. Vi forsgger at opbygge huset i naturmaterialer som ikke behaver efterbehandling, hvor
det er muligt og hensigtsmaessigt - en efterbehandling skal altid vedligeholdes.

Anvendelse af lyse, beredygtige materialer.

Der anvendes tra&konstruktioner, beton, gulve pa strger med gulvvarme, Vinyl og gummi/linolium, gips- og
traebetonlofter. Vinduesrammer fremstar udvendigt i ra aluminium og indvendigt i tr@ med klar lak. Ved
specielle rum tilfares traepaneler i nordisk fyr eller birk. Facader udfares i varmebehandlet trae, der er udviklet
til at fremsta ubehandlet. Alle materialer kan nedbrydes, og mange af dem kan genanvendes, heriblandt
traeekonstruktioner, letbetonelementer og ra aluminium. Hvis muligt bruges materialer som er Svanemarket
eller med anden miljerigtigt anerkendelse - ex. beklaedes hele huset med svanemarket traebekladning.

Tag
En del af taget udfares som grent tag for at fremme det omkringliggende grenne milja. Resten af taget
udfgres som traditionelt paptag - gra.

Et grent tag er et tag med planter som belagning - stenurt eller graes. Beplantningen laegges pa et
traditionelt tagpap tag og derfor koster denne lgsning ekstra, da der er tale om et ekstra lag.

Gronne tage skal vedligeholdes - andre spirende planter skal fjernes sa det ikke @delagger den opsugende
effekt som gar grenne tage attraktive, da de forsinker regnvand i at na offentlige aflebssystemer. | tarre
perioder skal taget vandes sa de ikke udtarrer. Ved udtarring udskiftes alle planter. Hvis der gnskes en
l@sning som forsinker regnvand skal der valges graes som har stor sugeevne.

Der kan opstar fugtproblemer ved grenne tage, hvis paptaget revner eller af anden grund bliver utat. Hvis
underliggende tagkonstruktion er udfaert i organiske materialer kan falgevirkningerne vaere skimmel eller
svamp. Paptaget er til gengaeld beskyttet af planterne og vil ikke som ved fritliggende paptage udtarre sa ofte
og derved revne og blive utaet.

Huset opbygges med lette tagelementer i tre og isolering. Dette er nadvendig for at opfylde krav om
lavenergihus 2015, der kraever meget tykke og taette konstruktioner.

Ydervaegge
Huset udformes sa det er rart at ga og opholde sig ved. Dette fremhaves med en listebekladning af trae.

ThermoWood er fyrretra som har faet en behandling der giver traet stor styrke og holdbarhed. Den bliver
ved med at beholde formen og vrider sig naesten ikke med efterfalgende revnedannelser, hvilket er en stor
fordel ved vedligehold af facaderne.

Vi vaelger en lodret listelasning som har en god tykkelse og som er monteret pa bagvedliggende lister.
Derved skabes en ventilation der er sundt for en traekonstruktion og som gder vedligeholdelsestiden.

Malet ThermoWood

Hvis ThermoWood males med heldekkende maling skal man farst male igen efter 15-20 ar. Samtidigt er det
nemt at fjerne graffiti da denne kan males over.

Malet ThermoWood er den dyreste at kabe men billigere at vedligeholde.



Behandlet ThermoWood

Hvis man gnsker at bibeholde den gyldne glad som ThermoWood har, anbefaler producenten at materialet
behandles 3 gange ved fastgerelse og derefter vedligeholdt hver 4-5. ar.

Hvor Listerne ikke er malet og kun er behandlet med pigmenteret traolie kan producenten ikke garantere at
graffitien kan fjernes helt, da ThermoWood ertrae som i terre tider altid vil suge lidt.

Behandlet ThermoWood med pigmenteret traolie er nasten lige sa dyr som malet og der er meget
vedligehold.

Ubehandlet ThermoWood

Valges en ubehandlet ThermoWood - altsa som kun har faet en varmebehandling fra fabrik, a&ndres traets
glad til at blive mere af "vejrbidt” karakter - hard, lysegra. Graffiti kan ikke fjernes fra en ubehandlet uden en
forebyggende behandling. Denne behandling kan ikke fjerne graffitien helt. Men omradet virker ikke til at
vaere graffitikunstneres foretrukne sted. Ubehandlet ThermoWood er den billigste og har stort set ingen
vedligehold.

Vinduer og dore

Der er valgt trae-aluvinduer og dare som har den egenskab at den starke og vedligeholdelsesfrie aluminium
er udvendigt og trae indvendigt. Traeet er valgt lakeret med en farvelgs lak sa traeet kan opleves. Begge
materialer er naturprodukter hvoraf aluminiumet har faet en overfladebehandling som ger at den aldrig
ruster.

Der isa®ttes 3 lags energiruder aht. opfyldes af energidesignet. Det giver ruder hvor det indvendige glas ikke
bliver kold om vinteren som ger ophold ved vinduer ekstra attraktive i den kolde periode.

Skillevaegge

De fleste skillevaegge vil aht. husets stabilitet vaere tunge vagge - letklinkebeton. Samtidigt har
letklinkebetonvaegge den egenskab at vaere lydisolerende, hvilket giver mulighed for placering af gruppe- og
fallesrum ved siden af hinanden.

@vrige vaegge bliver opbygget som gipsvaegge der fremstar jevne og lyse.
| alle puslerum opsattes hvide fliser i en hgjde af 1,4 meter fra gulv.

Akustiskregulering

Det er endnu ikke bestemt hvor den akustiske regulering skal placeres. Da loft er en del af akustikken skal
reguleringen placeres lodret pa vaeggene. Dette kan udfares som bekladning pa vaggene - som én stor
opslagstavle.

Gulve

Gulvene opbygges som gulve pa streer der er med til skabe et godt indeklima og kan give sig sa eventuelle
fald ikke foles sa harde. Gummi- og linoliumsgulve er begge gulvbelagninger lavet af naturprodukter som
begge er meget slidsteerke og nemme at renggarer.

Gummibelagning er opbygget som ét rent lag ragummi og skal med de rigtigt rengeringslgsninger, kun
vaskes med rent vand. Det giver en ensartet eldning da man ikke har en behandlet overflade som skal holdes
vedlige. Lydmaessigt har gummi en blgdhed som kan absorbere mere og derfor bidrager positivt til
efterklangstiden samtidigt med at det er trinlydsdempende.

Erfaringer viser at gummigulv pa trods af deres egenskab som ét lag, dog er sarbar for ridser og slid. Dette
kan skyldes forkert rengering eller at materialet er for blgdt til staerkt trafikale. Gummi er stadigt et "ungt”
produkt i samligning med linoleum mht. brug som gulvbelaegning og der sker forbedringer hele tiden.

Linoleumbelagning er opbygget af 3 lag, hvoraf det kun er toplaget som er et rent naturprodukt. Der er et
mellemliggende lag som er vandafvisende - en fibermembran. Nederste lag er en lyddempende kork som er
med til at deempe trinlyden. Linoliumet leveres med entynd, hard overfladebehandling som slides af der hvor
der er mest trafik. Denne overflade kan vedligeholdes hver 5 ar alt efter slid. Under denne overflade er
naturmaterialet, linolie, harpiks og kalkstensmel. Det giver et sdkaldt levende produkt som ved mindre ridser
"genskaber” sig selv — det vil sige at overfladeridser ikke ses sd meget.

Vinyl er valgt i alle vddrum med gulvaflgb — de 2 andre belaegninger er svaere at gare teette ved aflgb. Da vi har valgt
gulve pa strger vaelges en sikker Igsning, hvor der er risiko for meget vand. Da Vinyl indeholder PVC som bindemiddel er
den kun valgt i rum med meget lidt ophold.



Lofter

For at opnd gode lydforhold i gruppe- og faellesrum, er der valgt treebeton som er god til at optage lyd — deempe lyden i
rummene. Der ligeledes ekstra krav i den gaeldende bygningsreglement(2010) som ggr at traebeton ikke i sig selv er nok
— se skilleveegge.

@vrige lofter er traditionelle gipslofter uden synlige samlinger — sa dagslyset kan fordele sig jeevnt og behageligt.
Lofter skal fremstd rustikke og lyse — hvide.

Fast inventar
Alt inventar som er fastmonteret udfares i lakeret Birk eller Nordisk Fyr

Resten af bygningen fremstar i rolige materialer, d.v.s. hvide vaegge og hvide traebetonlofter. Gulve fremstar i
hver sin farve i de enkelte huse og stillerum kan males til specifikke stemninger eller udferes med grafiske
tapeter.

Se bilag - kort principiel bygningsdelsbeskrivelse
2.8 Konstruktioner

Konstruktive principper og hovedsystemer

De barende konstruktioner udfares med trae-tagkassetter, barende ydervaegge og barende skillevaegge
som udfares af elementer i letklinkebeton. Bygningen forventes at funderes direkte pa baredygtig jord.
Fundamenter og terre@ndak udferes i beton.

Konstruktive system for lodrette laster
Lodrette laster pa taget fares via tagkassetter til de baerende yder- og skilleveegge samt stalbjalker, hvorfra
lasterne fgres til fundamenter. Tagkassetter spander pa langs af bygningen.

Konstruktive system for vandrette laster

Der etableres vandrette skiver i taget og terrendakket. Vandret last (vindlast) overfares via etagehaje
ydervaegselementer til de vandrette skiver. Fra de vandrette skiver fares vandret last til de stabiliserende
yder- og skillevaegge og herfra fares de ned til fundamenterne og videre til baeredygtig jord. | den @stlige
facade opstilles indspandte stalsajler til optagelse af vandrette laster pa langs af bygningen.

Se bilag - SlothMaller, projektgrundlag
2.9 Landskab

Helhed

Legepladsen ligger hovedsagligt vest for bygning op mod Vestre Kirkegard, dog med en lille lomme syd og
st omkring huset ud mod Tranehavevej. Legepladsens udformning tager udgangspunkt i brugernes gnsker
om en opdeling af sma og store barn, samt gnsket om store og mindre rum til forskellige typer aktiviteter og
frodige gregnne omgivelser.

Legepladsen er opdelt i to zoner.
e Smabarnslegepladsen, nord for legeskuret
e Den store legeplads, syd for legeskuret

Langs bygningen etableres et slynget organisk sti forlab i hele bygningens laengde. Stien er smallest i nord og
syd og breddest pa midten af grunden, hvor den bliver til en mindre plads der fungerer som falles
opholdsareal og buffer imellem den store og lille legeplads. Med sine slyngede blade form skaber stien en
god sammenhang mellem natur, legeplads og bygning. | relation til grupperummene etableres et
gennemgaende tradak, der sikrer niveaufri adgang til legepladsen fra alle grupperum via den centrale
opholdsplads. | enderne er den ét trin haj, dvs. 15cm.

| legepladsens nordlige ende ligger et roligere lege- og opholdsomrade til de sma barn. Det bestar af en gran
plaene med masser af plads til leg, ophold og motorik @velser pa taepper. Her er frugttraer, bar buske, en
legehytte og hgjbede med urter samt et lille drivhus. En @st vestgdende rakke af blabar buske adskiller
plaenen fra et starre sandomrade. Sandomradet indeholder to mini legeborge og en nedgravet sandkasse med
sandborde og solsejl.



Syd for sandomradet laves et omrade med redegynge for de mindste og en cykelbane for alle bgrn, dog
primart de starste. Den "lukkede” cykelbane udfaeres i asfalt med termoplast og bump til cykler, mooncars
mv. og kantes mod pladsen af en 30 cm betonsidekant.

De store bgrns legeomrade starter syd for udgangen fra grovgarderoben. Her anlagges et starre sandomrade
med plads til tarnlegeborgen, samt den eksisterende redegynge. Her er ogsa en nedgravet sandkasse med
sandeborde og solsejl. Hekke af ribs, hassel og spireea omkranser omradet.

| legepladsens sydvestlige hjgrne skabes et krat af hasselbuske, hvori der ligger en mindre balance- og
motorik bane. Den bestar af forskellige stubbe og stammer, samt genanvendte legeplatforme pa bakker. Her
etableres ogsa en lille balplads, med siddemuligheder, sa der kan laves snobrgd og fortalles historier. |
omradet anlaegges ogsa en mindre boldbane i gummi i naer tilknytning til stien.

Pa huset gstside placeres det eksisterende shelter imellem grupper af buske og pa et underlag af
vildtvoksende gras. Under traekronen pa den eksisterende spidslan etableres et dak, hvorpa forskellige
aktiviteter kan finde sted.

Stier og faldunderlag anlagges, sa der foretages mindst mulige anlaeg indenfor traeernes rodzoner.
Legeredskaber

Legeredskaber er primaert genbrug fra den eksisterende legeplads. Der genanvendes en rede gynge, tre
legeborge, et shelter, to legeplatform og tre sol sejl. Derudover tilfgjes en ekstra redegynge, diverse stammer
og stubbe samt en lille legehytte.

Alle faldunderlag overholder krav i DS/EN 1176/ DS/EN 1177.

Institutionen
e Legeplads areal: ca. 1525 m2

Paedagogisk formal
e Erfaringer til hele kroppen og alle sanser

e Naturoplevelser og arstidsvariation
e Grov- og fin-motorik, fysiske udfordringer og stille leg
e Aktiviteter, der stimulerer vestibularsansen
o Aben leg og lukket leg, privat og social
Stisystem

e Der er 2 indgange til legepladsen fra Tranehavevej
e En slynget sti langs huset bliver til en mindre plads centralt pa legepladsen. Kan benyttes som ekstra
areal til cykler mv.

Materialer
e | legeomrader er der faldgrus.
e | omrader under traeer er der bede i muld, traflis og arealer med enggras
e Stier udferes med asfaltbelaegning og fliser
e Kantafgraensninger af asfalt er alukanter og betonkantsten.
e Faldgrus og sandkasser kantes med robinie sveller.
Hegn

e Legeplads indhegnes af galvaniserede panelhegn
e Hegnshgjde 1.5m

e Ldger 1,2m bred med to lukkeanordninger

e Boldhegn 1.5m

Smabernsleg (1-3ar)

Tryghedsfaere - delvis afgraenset af en beplantning
Nedgravet sandkasse, overdaekket med solsejl
Sandkorn 0-2mm

To sandborde

To mini legeborge

Redegynge



e Plane til stilleleg, motorik og leg pa taepper
e Lille legehytte pa graesplane
e Kekkenhave med drivhus, hajbede, frugt- og blomstrende buske

Store berns leg (3-6ar)
e Balance- og motorik bane af stubbe, stammer, sma bakker og platforme
Vildnis af hassel

e Balplads
e Lille indhegnet boldbane med gummibelaegning
e Cykelbane med termoplast til cykler, mooncars mm.
e Stor legeborg med to tarne
e Redegynge
e Nedgravet sandkasse, overdaekket med solsejl
e Sandkorn 0-2mm
e To sandborde
e Shelter
e Traedak til ophold, lege og show
Beplantning

Der skal tages sarligt hensyn til det eksisterende rodnet af de eksisterende spidslgn som markerer
institutionen mod Tranehaveve;.

Legepladsen indrammes mod vest af en raekke store kirsebartraer pa Vestrekirkegard, samt en stor soliter
poppel.

Legepladsens sydvestlige hjgrne tilplantes som hassel krat, der kan fungere som hule, fange- og gemmelege.
Derudover plantes der let spredte mindre frugttraeer, som kan give arstidsvariation, rumdannelse og skygge.
Frugttraeerne suppleres af fem raekker af forskellige barbuske og blomstrende buske, der giver variation og
frodighed.

| hajbede plantes div. krydderurter.

Inventar
e Mobile bord/baenke saet

Belysning
e Der er belysning ved indgange til bygningen, samt veegarmaturer ved indgange pa bygning

Afvanding
e Ved opholdplads og ankomstareal ledes overfladevand til riste i terraen.
e Vand pa stier ledes til bede og grusflader og derfra forsinkelsesbassin.
e Vand fra tage og skure ledes vand til forsinkelsesbassin

Ankomstareal
e Cykelstativer med 50 pladser (heraf 12 overdakket langs bygning)
e Renovation: 6 x 240L renovationsbeholdere, 2 x 600L renovationsbeholder overdaekket i skur mod

nord.
e To almindelige p-pladser, én handicapplads og en plads til vareindlevering.

3.0 MILJ@- OG ENERGIDESIGN

3.1 Baredygtigt koncept og miljgstrategi

Bygningerne opferes i lavenergiklasse 2015.

Der er udarbejdet et overordnet energikoncept baseret pa udvalgte, gennemgaende prioriteringer, der tager
udgangspunkt i barnenes univers og personalets dagligdag. Bygningen skal i sit koncept vare robust i valg af

materialer og energidesign.

| konceptet indgar falgende fokuspunkter:



Bygningsvoluminet er tilpasset stedet med passive designtiltag.
Der er foretaget dagslysanalyser af grupperum og personalekontor i forhold til optimering af vinduesarealer

og hensyntagen til skygge fra eksisterende traeer.

Sol- og skyggeforhold er analyseret, og udearealer/udgange fra bygningen er placeret i forhold hertil.
Bygningen skaber via sin placering pa grunden altid mulighed for at lege pa en sol/laside.
Terranspring optages som robuste, rumlige inddelinger af friarealerne.

Abent/lukket bygningskrop
Bygningen er udformet meget kompakt men med hgjt til loftet med mulighed for, at gribe dagslys fra alle

retninger via vinduer i facaden og ovenlys i tag, hvilket giver et rigt og nuanceret indeklima.
Bygningens overflader er minimeret, og klimaskarmen fremstar hgjisoleret og meget teet.

Mulighed for zoneopdelt ventilering.

Ventilation udferes zoneinddelt i forhold til husets aktivitetsniveau. Dette giver mening i forhold til
dagsrytmen for varierende barneintensitet. Det abne fallesrum i midten udnyttes som “skorsten” for
supplerende naturlig ventilation i sommerperioden. Om vinteren giver ovenlyset til gengald passiv solvarme
til legezonen.

Sa lidt teknik som muligt.

Jo mere passivt et hus er tegnet, jo mindre teknik er pakravet for at tilvejebringe et optimalt indeklima. Der
er fokus pa styring og regulering af varme, ventilation og solafska&rmning. Varmefordelingen sker via ror i
gulve, saledes at huset fremstar uden radiatorer. Mekanisk ventilation foregar via sivelofter uden synlige,
vedligeholdelseskravende luftfordelingsaggregater.

Bygningen skal ikke kunne ’bruges forkert’
Der er i projektteamet ligeledes fokus pa at aflevere et hus, som brugerne kan forsta, med en vejledende
manual, der sikrer en konstruktiv dialog mellem brugerne og Kgbenhavns Kommunes driftsafdelingen.

Derudover er et robust og entydigt materialevalg afgarende for en fremtidig korrekt drift og lave
vedligeholdelseskrav.

3.2 INDEKLIMA

Indeklimaet er projekteret og dokumenteret gennem kalkulationer, saledes at der bliver leveret et
tilfredsstillende indeklima bade termisk og atmosfarisk.

| sommerhalvaret er strategien at mindske mangden af ugnsket tilfart solvarme igennem mekanisk styret
solafskaermning pa vinduer der er orienteret mod syd, @st og vest. Det tilstra&bes at solafskeermningen
udfgres via markiser. Det er dog ikke altid nok med markiser da solen pa bestemte tider af aret star meget
lavt. Udhang ved vinduer mod vest medvirker til begranset solindfald og fungerer ligeledes som en del af
solafskaermningen. Ventilationen supplerer solafskeermningen med et gget luftskifte i situationer hvor
mangden af tilfgrt varme i rummene overskrider et foruddefineret temperatur setpunkt. Der etableres motor
pa ovenlys, sdledes at der kan abnes manuelt ved tryk pa en knap. | rum med ovenlys vil der ved abning af
vinduer i facaden og samtidig abning af ovenlys, kunne opnas et ekstra luftskifte pa op til 2 gange i timen
afhangig af vind og temperaturforhold.

| vinterhalvaret bidrager solvarmen til gratis opvarmningen af rummene. Gulvvarmen etableres som "let”
gulvvarme pa varmefordelingsplader, hvilket har den fordel, at gulvvarmen hurtigere end traditionel
gulvvarme, kan tilpasse sig rummenes vekslende opvarmningsbehov, og minimere risikoen for
overtemperaturer.

Det atmosfariske indeklima reguleres via CO2 fglere, saledes at luftskiftet @ges i takt med antallet af
personer i opholdsrummene. Graensen for CO2 koncentrationen i rummene fastsattes til 1000ppm svarende
til arbejdstilsynets og bygningsreglementets krav.



Optimering af udhang/solafskarmning i forhold til udsigtsforhold og solorientering.
De mange forskydninger og udbygninger med hhv verandaer og udhang er med til at danne skygge pa bade
facader og overgangsarealer mellem ude og inde.

Etablering af sivelofter med god luftcirkulationskomfort.
Disse lofter er samtidigt akustisk regulerende, og man undgar synlige luftfordelingsaggregater i
loftspladerne.

Visuelle forbindelser pa tvaers.

Skaber bade synergi og rumlige oplevelser. Det sammenbindende grovvarksted fordeler dagslys ned gennem
bygningens midte, og de mange ovenlys skaber behagelige forhold i husets dybe rum, mens vejret udenfor
gares let aflaeseligt inde i husets kerne.

3.3 Energiramme

Malet for energirammen er overholdelse af lavenergiklasse 2015, hvilket betyder at energibehovet til
rumopvarmning, opvarmning af brugsvand, og el til bygningsdrift ikke ma overstige 43,4 kWh/m2 pr. ar, idet
der gives et mindre tilleeg for en brugstid pa 50t/uge.

Bygningens energibehov overholder forventningerne, dog med brug af solceller pa tag. God solafskaermning i
kombination med en velisoleret og tat bygning betyder et lavt energiforbrug for bygningen. Der etableres 25
m2 solceller pa taget over falleshuset.

En vigtig energimaessig forudsatning er at bygningen skal kunne leve op til et taethedskrav pa 0,5 I/s pr. m2
ved trykpravning ved 50Pa.

Se bilag - energiramme og ventilation

3.4 Dagslys

Se bilag - notat vedr. dagslysberegning

3.5 Lydkrav og akustik

Integrering af akustikregulerende overflader.

Der etableres 'store’ rum og 'hgijt til loftet’ for at give plads og volumen til aktivitet, og mere areal til
akustikregulerende materialer. De sgede rumhgjder kontrasteres af nicher og stillerum, der til gengald
udformes mere intimt.

Der er udfert akustiske beregninger som paviser en ekstra lydabsorberende foranstaltning i bestemte rum.
Der etableres ca. 20 m2 ekstra lydabsorberende foranstaltning i hvert grupperum. Der er afsat et belgb til
dette i kalkuleringen.

Byggeriet udfgres iht. BR10, 6.4.3, stk. 1.

3.6 Drift og vedligehold

Udvendigt vil der stort set ikke vaere nogen vedligeholdelse. Det grgnne tag skal luges for andre beplantning
inden denne bliver for stor, da andre rodarter vil skade det grgnne tag og det underliggende underlag. Husk

at vande taget ved lengere torre perioder. Udtarre taget skal det reetableres.

Indvendigt er rengeringen en del af vedligeholdelsen. Alle overflader kan stavsuges og vaskes. Alle vinduer
kan renggres fra stige.

Der placeres bevaegelsesfalere som far lysarmaturer til at teende og slukke efterhanden som man bevager sig
rundt i huset. Der er fglere pa vandarmaturer i puslerum og toiletter som bidrager til god hygiejne.

Solafskaermningen, brandtekniske anlaeg og tyverialarm skal have serviceeftersyn. Der skal udskiftes filtre i
ventilationsanlagget. Gulvaflab og vandlase renses jaevnligt.

Se bilag vedr. drift og vedligehold



4.0 INSTALLATIONER

4.1 VVS-installationer

4.1.1 Spildevand

Aflabssystemet anleegges som separate spildevandsledninger og regnvandsledninger, men samles i det
offentlige fallessystem. Der er to tilslutningspunkter inde pa matriklen, som kan benyttes safremt der er
kapacitet nok til at modtage vandet. Hvis ikke, kan der etableres et nyt stik, hvorefter ubenyttet gamle stik
skal afproppes.

Der etableres omfangsdraen og terrendran, som tilsluttes det @vrige regnvandssystem via dreenpumpe.
Tagvand opsamles og tilsluttes regnvandssystemet.

Regnvandet opsamles, inden udledning til det offentlige system, i et forsinkelsesbassin. Regnvand nedsives
ikke pa lokaliteten grundet de uegnede jordbundsforhold samt forureningsforekomster.

Der er spildevand fra toiletter, handvaske, padagogisk- og produktionskakken. Der er desuden placeret to
udvendige vandhaner, som ogsa skal handteres.

Der etableres fedtudskiller og preveudtagningsbrend fra produktionskekkenet.

4.1.2 Tagrender og nedlegb

Der udferes tagrender og nedlgb i zink. Tagrender og nedlgb forsgges skjult bag facadebekladningen.
4.1.3 Aflgb og sanitet

Aflgb udferes med udluftning over tag.

Sanitet er hvid, i kvalitet som Ifo.

| puslerum monteres 2 stk. kummer i porcelan.

Toiletter leveres i ekstra rengaringsvenlig porcelanskvalitet og er gulvmonterede.

| storkekken monteres 1 stk. handvask.

| HC toilet monteres handstatter.

4.1.4 Vand

Vandinstallationen udfares efter fordelerprincippet med centralt placerede indbygnings- fordelerskabe og rer
derfra skjult til hver enkelt tapsted. Det varme brugsvand produceres i en varmtvandsbeholder i
teknikrummet.

Der tilstraebes stgrst mulig brug af beraringsfri vandhaner. Vandhaner skoldningssikres i de rum hvor barn
har adgang.

| puslerum monteres 6 stk. vandhaner ved kummer og 1-2 stk. vandhaner ved handvask i haeve/sankeborde.
| et personale toilet og et puslerum, monteres termostatbruser.
Tekokken i personalerum og paedagogisk kakken forsynes med vand til opvaskemaskine og kekkenvask.

Storkgkken forsynes med handvask, kakkenvaske, opvaskemaskiner og ovn med vand.
Der placeres 1 stk. udvendigt vandhane i facade ved storkgkken samt én ved udv. veerkstedsomrade.

4.1.5 Varme

Varmeforsyningen er fjernvarme og der etableres gulvvarme i alle omrader. Gulvvarmen udfares med
varmefordelingsplader og rar direkte under traeegulvet. Dette gor at gulvet ogsa reagerer forholdsvis hurtigt
pa gratis varme. Dermed reagerer de hurtigere pa gratisvarme fra solindfald og personer, som kan pavirke
den godt isolerede bygning en starre del. Derved opnas en hagjere komfort og lavere energiforbrug.
Gulvvarmen styres via et CTS-anlaeeg med feler i alle rum med gulvvarme.



Der foreslas radiatoropvarmning i depoter og vaskeri, og da det er et lavenergibyggeri behgver radiatorerne
ikke at vaere sa store. Overfladetemperaturen holdes under 50 °C for at undga forbraendinger.

| tarrerum etableres bade gulvvarme og radiatorer. Radiatorer placeres under banke for at rummet kan
opvarmes hurtigt og derved tarrer tajet.

Varmeinstallationen udfares efter fordeler princippet med decentralt placerede indbygnings fordelerskabe i
depoter og rer derfra skjult til hver enkelt gulvvarmekreds.

Liggerum er ikke opvarmet.
4.1.6 Ventilation

Hele bygningen ventileres iht kravene i bygningsreglementet og det felte indeklima. Luftskiftet dimensioneres
ud fra antallet af barn og voksne samt det termiske indeklima. Den starste luftmangde bliver det
dimensionerende. Anlaegget udfgres med variable luftmangder i starre rum med meget varierende
personlast. Dette ger at co2-niveauet holdes lavt for at skabe bedst mulig komfort og samtidigt er
energiforbruget lavest mulig. Ventilation styres via et CTS-anlaeg med temperatur og CO? fgler i rummene.
Ventilationsaggregatet udfgres med genvinding og placeres i Teknikrummet over depot. Kanalfaring foregar
skjult i vandret installationsskakte over birum i de 2 flgje. Kanaler er kun synlige under loft, i grov garderobe
og mellem vaskeri og toilet over garderobe ved modul D.

Indblaesning i grupperum, garderober, kontorer sker via ventilationslofter uden synlige armaturer. Udsugning
via armaturer i vag eller loft. @vrige rum ventileres via loftarmaturer.

Der udferes separat ventilationsaggregat med krydsveksler til ventilation af storkekken, hvor der udsuges fra
emhaette over kogeplader og indblases via synlig stofpose under loft.

4.1.7 Produktionskgkken

Produktionskekkener udfares iht. budgetteret belgb i rammebudgettet samt kommunens bestykningsliste for
keokken til 6 grupper. Endelig indretning udferes af producent.

4.2 El-installationer
4.2.1 Belysning og dagslysstyring

Belysningen udfares med lavenergi armaturer, tilpasset de forskellige benyttelsesomrader.
Energibesparende foranstaltninger:

e  Grundbelysningen udfares iht. kravene i DS700.

e | omrader med dagslysindfald udfgres dagslysstyring af belysning, med manuel taend, automatisk
sluk og mulighed for manuel de&mpning.

e | gangarealer, depoter o.lign. udfgres belysningen med automatisk taend/sluk vha.
bevagelsesmeldere.

e Belysningsstyringerne udfgres som Servodan eller tilsvarende standardsystemer, som er opbygget
"inteligente”, sa f.eks. taend/sluk funktioner og luxniveauer kan &ndres uden omlagning af
installationen. | starre rum vil der blive fremfart 2 stk. teendinger i disponible lampeudtag, sa
forskellige belysninger kan tendes separat.

e lalle rum installeres bevagelsesmeldere for automatisk sluk.

e Udvendig belysning styres af skumringsrelae og ur, med manuel overstyring i eller ved eltavlen.

4.2.2 Lys- og kraftinstallationer

Der etableres i alle rum installationer for belysning, stikkontakter, samt faste brugsgenstande, som
pusleborde, harde hvidevarer mm. Omfanget af stikkontakter og taendinger udfares jf. falgende:

e Der etableres disponible lampeudtag i omfang iht. Byggeprogram for Daginstitutioner.

e Der etableres mindst 1 stikkontakt i alle rum pr. pabegyndt 5 m2, Bortset fra toiletter, puslerum og
sekundaere rum, som depoter og loftsrum.

e Der etableres stikstationer i omfang iht. Byggeprogram for Daginstitutioner.



4.2.3 Elforsyning

Der etableres ny elforsyning til institutionen. | eltavlen placeres elmaler, med afregning til
forsyningsselskabet. Stikledningen dimensioneres for 25% reservekapacitet.

Eltavlen opbygges med HPFl-releer og automatsikringer. | rum med bade disponible lampeudtag og
grundbelysning, vil disse blive fordelt pa 2 grupper, sadledes at en totalmarkleegning undgas pga. interne fejl i
institutionen.

4.2.4 EDB/Krydsfelt

Der udferes kabling fra nettermineringspunkt til rackskab, herfra fremfares kablingen til arbejdspladser for
EDB og telefon, AlA-anlaeg, ABA-anlaeg, samt til AIA/ ABA-anlaggets centralskab. Der etableres i teknikrum
et rackskab i passende starrelse til patchpanerler, powerpaneler, switch og telefonanlaeg.

Fra racket fremfgres kabler til telefon- og edb-stik, UTP kategori 6

Der etableres faringsveje fra terran til rackskab for etablering af nettermineringspunkt.
Aktivt udstyr leveres og monteres af bygherre.

4.2.5 Telefon/lydovervagningsanlag

Der etableres telefon, dgrtelefon og lydovervagningsanlag iht. Byggeprogram for Daginstitutioner.

4.2.6 ABA-anlaeg

Der etableres ABA-anlag iht. DBI retningslinie nr. 232.

4.2.7 ABDL-anlzg

Der etableres ABDL-anlaeg iht. DBI retningslinie nr. 231. ABDL-anlagget styres af ABA-anlaegget.

4.2.8 AlA-anlaeg(tyverialarm)

Der etableres AlA-anlag iht. Byggeprogram for Daginstitutioner.

4.2.9 Antenne

Der etableres installation for 1 antennestik i fallesrum samt 1 antennestik personalerum.

4.2.10 Solceller

Der etableres komplet solcelleanlag pa ca. 25 m2 med monokrystallinske solcellemoduler placeret pa
sydvendt tagflade i plan med taget. Solcellemodulerne forbindes indbyrdes og tilsluttes vekselretter placeret
et hensigtsmassigt sted. | eltavlen etableres separat gruppe for solcelleanlag, og i eltavlen opsattes malere

af en type, der muligger brug af nettomalingsordningen. Kabler dimensioneres sa det samlede spaendingsfald
fra moduler til eltavle er maksimalt 1%.

5.0 MYNDIGHEDER

Der er afholdt made med Center for Byggeri, Kgbenhavns Kommune generelt for byggeriet. Da udbygning
med liggehal, renovation og depot, er placeret i skel og har starre hgjde end tilladt for bebyggelse i skel, skal
der s@ges dispensation. Hvis dispensation ikke gives skal udbygningen udfgres med traditionelt fladt tag.
Arkitektonisk vil en fortsaettelse af det gvrige tag vaere at foretrakke.

Brand
Byggeriet er i anvendelseskategori 6 og udfares i overensstemmelse med Eksempelsamling 1.

Ved madet blev brandforholdene gennemgaet. Bygningen holder sig under 1000 m2 og skal derfor ikke
sprinkles men inddeles i én stor brandsektion underinddelt i brandceller. Der udfgres ngdvendige flugt- og
redningsabninger samt brandtekniske foranstaltninger, ABDL- og ABA-anlag.



Se bilag vedr. medenotat - Center for Byggeri, d. 15.08.2012

6.0 AREALER

Se bilag - arealoversigt

7.0 OKONOMI OG UDBUDSFORM

Byggeriet forventes udbudt sammen med den ny daginstitution pa Bavnehgj Allé 40 som indbudt
underholdsbud i hovedentreprise med Rubow Arkitekter A/S som totalradgiver.

Entreprenar forventes at kunne etablere en falles byggeplads, som planlaegges i forbindelse med
naste fase. Under byggefasen kan overvejs et adskille krattet fra selve byggepladsen som friareal
for institutionen.

Budget
Der skal s@ges bevillig til ikke indeholdt udgift:

e Fjernelse og reetablering vedr. forurenet jord

| gvrigt
Last inventar indkgbes af institutionen.

Se bilag - kalkulation

8.0 TIDSPLAN

Tidsplan for myndighedsprojekt og udfgrelsesfaser fremgar af tidsplan, dateret 06.08.2012. Det kan vise sig
nadvendigt at justere tidsplanen i de felgende projektfaser men tidsplanen kan stadig felges efter denne
fase.

Se bilag - tidsplan og handleplan

9.0 TEGNINGER

Tegningsliste - arkitekt
Arkitekttegninger

Mappe (udleveret til brugerne)
Tegningsliste - landskabsarkitekt
Landskabsarkitekttegninger
Tegningsliste - ingenigr
Konstruktionstegninger

VVS tegninger

EL tegninger

10.0 BILAG

Kalkulation

285 overslag - landskab

Drift og vedligehold

Arealoversigt

Notat - beskrivelse af ingenigrarbejder - projektgrundlag
Notat - energiramme og ventilation

Notat - dagslysberegning

Tids- og handleplan

Ejendomsrapport/tinglysninger - Landinspektar



Situationsplan - Landinspektar

Madenotat - Center for Byggeri, d. 15.08.2012

Kort principiel bygningsdelsbeskrivelse

Miljgrapport

Analyserapport

Generel bestykningsliste

Bestykningsliste for produktionskakken - 6 institutionsgrupper
Geoteknisk rapport

Bilag 02 Oversigt, parkeringsbehov



Appendix C Daniel Lgvborg — Master thesis — Architectural Engineering

Appendix C — Glazing specifications from Pilkington

Facade windows (Pilkington energy glass)

Energiglas
Produktnam Tipe Energimerim  Termiske data Optiske data Lyd- Vst
Produktlods U-verdi Indvtemp UV  Dagshys Solenerzi redultion
sesife 50 ULTg T, 10+20 T, LT IR, R ST g R R+l
Wik °C % % % ks % % dB dB kzar
Bilkington K Glass™ =014 Tyk: 3,4, og f mm
Fi:4 1 a7 6.1 45 82 1 %% 71 T W 1 10
$H40E4 141 13 133 6 TH18 9w A2 T 36 30 0
4+40-E68Lp 1+1 18 133 0 T4 18 9 56 T I 34 15
+10Kr-E4 2 14 14.8 36 75 18 % & T 31 1 0
4124r-F4 2 1.6 140 I TFO18 % & M 3 0
+164Ar-E4 2 15 144 36 75 18 % &£ ™ 31 1 0
4164Ar-4-16ArK4 3 11 158 I 6% 13 9 M 6 31 1 30
4E-16Ar-4-16A1-E4 3 DeesE 08 160 I 6 13 98 47 s 3} W 30
Bilkington Opiitherm™ 33 e=00037 Tyk-4. 6, % og 10 mm
+10E-5(3)4 1 LOB0EI 1.0 16.3 1780 13 9% 56 63 31 1% 0
41247534 2 L3043 13 15.1 27 80 13 98 s& 6% 31 % 0
+16AF-5(3)4 2 L1B0E3 11 159 17 80 13 9% 56 63 31 1% 0
6-16A1-5(3)4 2 L17wse 11 150 ¥ T 13 97 53 s 31 01 15
-16A1-5(3)6 4L 1 LTS 11 158 10077 12 % 47 s 3 M 30
4+30+4-16Ar-5(3)4 142 097357 0.9 168 3T 1@ 97 W 5 I 3l 30|
ER RN LT A eyt 3 10735 F 10 16.3 23 T3 19 a7 30 &7 32 27 30
l
Edit Material S5 3 0T3 19 97 W 5 3 1 30
L6 3 T3 18 97 W s B W 30
| Material | Glazing | Additional | UserDefined | P8 1072 19 98 45 5T 35 19 38
[Glas, U=0,9 Bauneha ’% :1 ! ig 3: L :: if :f:]‘ :;
Heat Transmittance Uvalue (W/m2 K) ? ? ! = = - !
8 13 7 B 8 4 81 1 1 0
Nomnal 0.57 Center 09 L 13 72 18 9% #4 s 31 17 0
Diffuse ]
1 Light Transmittance User Defined Curve Tyk: 4 og 6 mm
Nomnal 0.73 i i3 31 71 N 9 45 4 3 8 0
5 31 71 11 9T 43 4 3 1 0
1.0 i3 31 71 B3 9 4 4 I 1 0
0.8 i3 1 6 11 95 3B 45 33 01 30
e % 65 25 W 48 3T 3l 30
0.6 i3 16 6 16 95 33 46 31 17 30
0.4 10 6 65 15 9 39 4 31 01 30
0.2 o 1 64 25 95 3/ 48 IF 01 34
. Lo 13 57T 31 98 W 3 31 W17 30
0.0
0 10 20 30 40 50 60 70 80 90
pi [ ok [ Cancel
ne 4 17 6 W 9 4 s 37 31 0
4+30-E4 16455031 142 Q76756 0.7 174 17 67 11 98 44 s 37 31 30

Pilkinzton Optifloaf™ Clear (klart fioatzlas)

4 1 589087 58 -1 S ] g 9% B 87 I 26 10
416454 2 268278 16 103 82 15 97 74 T 31 28 0
4-12A5-4-12A14 3 18737 1.8 133 40 T W T &4 M 3 17 30

Ferkhringar ] tabebnubrikkerms Endes pd side 10-11.
Yderligers data og vardier for andre produktcombinaticner Ender du i Pilkingion Spectmuns.

Figure 1 - Facade window properties.
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Skylights (Pilkington sunshading energy glass)

Belagte solafskeermende-energiglas

Produkinawn Tipe Emergimerim. Termicke dars Opiizle dara Lrd- Vgt
Predukrkode U-verdi Idviemp. UV Daphs Salenersy reduktion
s sida 5 +0 TLTg LrS -0+ T, LT LE. K 5T = K. E+C
‘m®  "C b ] % Ya indales %3 % 8 & kg’
Pilkingicn Smncoel™ 7040 e=0037 Farvw i TR: Meatral / Neutral - svagt gea Tk 4,5, 80g 10em
SC[Mr-16Ar-+ 2 117143 11 159 18 Tl 10 2 4 43 32 I 23
APPSR el e L] N BAETIRO na 185 15 & 14 3% 35 k] 35 W 35
EditMgterial - o & 13 M 3 & 3 W 3
| Material | Glazing | Additional | UserDefined |
i [Glas, U=1.2 Ovenlys Tranahavevei 13 Fareo i TR: Meotral / Montral - svage bl Tyk: 4,8, 8og l0em
Heat Transmittance Uvalue (W/m?K) 153 11 L] 16 &7 35 37 33 5 3%
Normal 043 Certer 11 170 2 B 20 25 3 k= 36 0 35
Dfise P 178 5 & 19 95 30 M i 3 35
Light Transmittance User Defined Curve
E Normal o7 : 13 Faren i T'R: Mowtmal / Meutral - svagt zen Tyk: 6, B og 10mm
163 11 &6 16 4 33 E2] 32 b 23
1.0 170 s € 22 . N 3B 3 W 35
0.8 178 5 19 53 28 3z & 3 33
0.6
E 0.4 13 Farew i TR: Neotral / Neutral - svagt g3 Tyk: 6, B og 10 mm
0.2 163 E = 18 92 25 7 32 I 25
0.0 170 5 46 21 92 2 5 36 kL) 33
"0 10 20 30 40 50 60 70 80 90 179 + 4 ] %1 11 FL ] 36 k) 33
[ ok [ Ccancel
E 25 Fareo i TR: Neatral / Neutral - bid Tyk: 6, B og 10 pzm
SC[4T16Ar-+ 2 114023 11 159 E 40 20 91 20 3 32 IE 23
SC[40-16Ar4+-16Ar4 3 0.873721 08 159 & 7 23 S0 18 n 36 L) 35
SC[40-16A4+-16A-5(3H 3 0634520 06 178 + W 21 20 il pa 3 L 33
Pilkington Smncoal™ 3017 e=0,023 Fareo i TR: Neatral / Neutral - bid Tyk: 6, B og 10 pzm
SC[30-16Ar4 2 111319 11 139 5 23 EE 16 1% 32 b 23
SC[30-16Ar4+-16Ar4 3 0.8 217 0.8 159 il 26 £7 14 17 3 L) 33
SC[30-16Ar4-16A-5(3H 3 0L&2T1E 0.6 178 I " 26 £7 13 16 36 k) 35
Pilkingion Semcoel™ Sitear 3030 e=0,013 Farma i TR: Neomal / Sthwer Tyk: 6, B og 10 mm
SCu(50-16Ar4 2 1v51i32 10 163 1 31 £ ] 29 i1 E 7] b 23
SCu(30-15Ar-4-16Ar-4 3 0.847/30 0.8 170 1§ 47 4 53 27 3 36 kL) 33
SCu(30)-16Ar-4-15A-5(3 4 3 0,6 4528 0.6 178 ¥ 46 40 53 24 = 36 kL) 33
Pilkingson Sancool™ Blue 30727 e=0,023 Faree i T'R: Newmal / B Tylc: 6, B og 10 zm
SCh{50-15Ar-+ 2 1,1/51/28 11 159 T 3 19 95 26 = 32 IE 23
SCh{ 01 SAr—+15Ar-4 3 0.8/4526 0.8 159 5 46 21 ] 23 6 36 L) 33
SChS0)-18Ar+- 16 A5 3 64523 0.6 179 I 4 20 53 22 5 36 kL) 35

Alle Pilkingion Suncool™ kan ogsd leveranss som sehrengomnds glas som Pilldngten Actv Suncool™, balagte pd begge sidec Se tabell side 51.

Ferblaminger il talelubrkkems Trdes o side 10411
Fer yienligese vamdis of pd s kinshimsase: o anss S pogem Filingion Spectus

Figure 2 - Skylights properties.
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Appendix D - BIM ”State of the art”
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Figure 1 - Information levels of a building information model. Figure: [DDB]
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Figure 2 - The Gartner hype curve. Gartner is an information technology research and advisory company in Stamford. (Figure:
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Figure 3 — MacLeamy Curve [BuildingSMART.com]
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START "IDM*
{Process Discovery
and Reengineering)

o

Discover Processes
and Actors

Identity Exchanges

Definition

START
IMPLEMENTATION

DEFINE
PROCESS SCOPE

BUSINESS TARGET = OPTIMIZED
PROCESSES

SORT AND
SPECIFY THE
EXCHANGES
Create Exchange
Requirements
4) pann N
MAP TO
EXCHANGE
Extend to FORMAT
Exchange Require-
ment models e ——
5) —
CREATE
MODEL
VIEW
Unify to Model view

Table A
B ‘r'.. ® o—@ @
1_ o _TEEE ______________
[ | & 0 —@ |
LOCATE THE [ ) ® @
EXCHANGES | | B | @ H® | —® @ |
[ ] [ ] ® ® [ K ]
L | A ] O O=-D=n &~ L@@ |
P A
| o T |

—

Ib.c Exchange Requirements # 1 j—{ml
| @(_ExiungeReuiemensd 2 O—+(__UIFC) SchemaMapping ) |

Lti‘».b( Exchange Requirements # 3 )—-{Wl

-~

CALL FOR USE IN OPTIMIZED

CERTIFICATION PROCESSES

e

Figure 2- General process of Information Delivery Manual (IDM) (Figure: [HESMOS]]
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Figure 3 - Life-cycle cost vs. carbon footprint of the initial design (baseline), reduced costs (blue) and reduced carbon footprint (red).
(Figure: [Stanford CIFE]).

225¢E8

KEY

" + Baseline

213z

Reduced Cost

Reduced Carbon

Cost_MNPV_USD

195

3 Bulldings, 5 Stories

3 Buildings, 6 Stories

3 Buildings, 7 Stories

Life-Cycle Cost (USD, Millions)

L.Housing_Life

l 3 Buildings, 8 Stories

- 1663es
: 4 Buildings, 5 Stories

M

4 Buildings, é Stories
4 Buildings, 7 Stories

& ' 4 Buildings, & Stories
1-f63es
275k 280k 285k 290K 2958 ¥

Carbon Footprint (met tons CO,e)

Figure3 - Plot of the 21.360 alternative scenarios simulated by a Cloud Network together with the baseline design
and the two previously optimized scenarios. (Figure: [Stanford CIFE]). 4



Solibri Model Checker Report

Model Name Simplified model
Checker Daniel
Organization DTU
Time 12/11/12 6:13 PM
Simplified model with Time: 2012-12-11 16:48:48 Application: Autodesk Revit Architecture 2012
modified skylights4 IFC: IFC2X3
2|3 -
(oL = - —
ol o| o| E| ¢
. . o o © o =
BIM Validation <| x| =| 2| =|[Comment
Model Structure Check X X | X
Model Hierarchy OK
Building Floors OK
Doors and Windows X X
Door Opening Direction Definition OK X | X
Components and Construction Types OK X
Component Dimensions OK X
Walls Must Have at Least Minimal Dimensions OK X
Door Openings Must Have at Least Minimal Size OK
Window Openings Must Have at Least Minimal Size | OK
Slab Dimensions Must Be Within Sensible Bounds -
Roof Dimensions Must Be Within Sensible Bounds | OK
Column Dimensions Must Be Within Sensible -
Beam Dimensions Must Be Within Sensible Bounds | -
Wall Opening Distances OK
Floor Heights OK
Clearance in Front of X
Clearance in Front of Windows X
Clearance in Front of Doors OK
Deficiency Detection X | X X
Required Components X
Unallocated Areas OK
Components Below and Above X | x| x| X
Components Below and Above Columns -
Components Below and Above Beams -
Components Below and Above Walls X
Space Check X
The Model Should Have Spaces OK
Space Properties X1 X
Spaces Must Have a Name X
Spaces Should Have Usage Classification X
Spaces Must Have Unique ldentifier X | x
Space Dimensions Must Be Within Sensible Bounds | OK
Space Elevation Should Be Within Sensible Bounds | OK
Spaces Must Have Enough Window Area
Space Location
Space Validation
Space Intersections OK
Spaces in Same Building Storey Must Have Same | OK
Space Group Analysis X R
Spaces Must Be Included in Space Groups OK X
External Wall Validation X X
Key Figure Analysis OK X | X




Intersection Checking

Intersections - Same Kind of Components

X

Wall - Wall Intersections

Slab - Slab Intersections

Roof - Roof Intersections

Beam - Beam Intersections

Column - Column Intersections

Door - Door Intersections

OK

Window - Window Intersections

OK

Stair - Stair Intersections

Suspended Ceiling - Suspended Ceiling

OK

Railing - Railing Intersections

Ramp - Ramp Intersections

Intersections - Different Kind of Components

Door Intersections

Window Intersections

Column Intersections

Beam Intersections

Stair Intersections

Railing Intersections

Suspended Ceiling Intersections

Wall Intersections

Slab Intersections

Roof Intersections

Intersections of Furniture and Other Objects

Object Intersections

Doors/Windows and Objects

Objects and Other Components




Total Component

Intersection

Component [Type [mm] Volume [cu ft] Volume [cu ft] |Percentage
Wall Basic Wall:Glas 41,91 0,12 0,28%
Wall Basic Wall:Ydervaeg 500 4921,62 13,65 0,28%
Wall Basic Wall:Beton 100 1227,36 1,49 0,12%
Wall Basic Wall:Beton 150 2351,15 4,23 0,18%
Wall Basic Wall:Gips 95 430,86 0,18 0,04%
Wall Basic Wall:Pergola 100 191,25 0,01 0,00%
Total Component |Intersection
Component [Type [mm] Volume [m®] Volume [m®  |Percentage
Wall Basic Wall:Glas 1,19 0,00 0,28%
Wall Basic Wall:Ydervaeg 500 139,36 0,39 0,28%
Wall Basic Wall:Beton 100 34,75 0,04 0,12%
Wall Basic Wall:Beton 150 66,58 0,12 0,18%
Wall Basic Wall:Gips 95 12,20 0,01 0,04%
Wall Basic Wall:Pergola 100 5,42 0,00 0,00%




Floor

0 - Fundament

1 - Stuenplan 3.1m
2 - Tagkant

Total

Floor

0 - Fundament

1 - Stuenplan 3.1m
2 - Tagkant

Total

Floor

0 - Fundament

1 - Stuenplan 3.1m
2 - Tagkant

Total

Height Gross Area Net Area Net Area Ratio
1,97
9,84 10520,32 9248,03 88,00%
9,91
21,72 10520,32 9248,03 88,00%
Empty External
Wall Area Area Ratio Volume Wall Area
1269,71 0,00% 103546,5 52443
1269,71 0,00% 103546,5 52443
Gross Area -
External Wall External Wall External Wall Window Window
Bottom Area  Area/Gross Area Area Area Area Ratio
860,8 0,5 9682,8 1317,8 25,00%
0,5 1317,8 25,00%



Component Construction Type

Door
Door
Door
Door
Door
Door
Door
Roof
Roof
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Wall
Wall
Wall
Wall
Wall
Wall
Wall
Wall
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window
Window

D7:D7.5 1510mm uligflgjet 11+4

Indv. dar - plade dobbelt handtag:10M x21 EI2 30-C 2 (handtag everst)
Indv. dar - plade dobbelt handtag:9M x21 EI2 30-C
Indv. dar - plade dobbelt handtag:9M x21 EI2 30-C 2 (handtag gverst)

Indv. dar - plade:10M x21
Indv. dar - plade:9M x21
Skydedgar integreret:Skydedgr integreret 2
Basic Roof:870 mm tag

Basic Roof:Ovenlys opbygning
arbejdsniche

boilerrum

depot

gang

garderobe

garderobe / kopi
grovgarderobe

grupperum

kontor

kakken

pers. wc

personale rum

Paedagogisk kakken

Room

samtalerum

toilet

tgrrerum

ude wc

Undefined

vaskeri /renggring
veerkstedsrum

Basic Wall:15x15 fliser

Basic Wall:Beton 100 mm
Basic Wall:Beton 150 mm
Basic Wall:Gips 95 mm

Basic Wall:Glas

Basic Wall:Pergola 100 mm
Basic Wall:Ydervaeg 195 pa tag
Basic Wall:Yderveeg 500 mm
ovenlys 3 felter:2850x6000
ovenlys 5 felter:2950x1000mm
ovenlysifelt:1000x1000
V1.1:1200 x1200 mm
V1.1:1300 x1300 mm
V1.1:1400 x1400 mm
V1.1:1500 x1500 mm
V1.1:1700 x1700 mm
V1.1:1745 x 2100 mm
V1.1:550 x 550 mm

V1.1:700 x 700 mm

V1.1:900 x 900 mm

V2.2:1700 x 2155 mm
V2.2:1700x2505 mm

VD 1.1:1100x2100mm

VD 1.1:910 x 2100 mm

VD 2.1:1600x2100mm
Vindue_Indvendigt:indvendigt 1400x1000
Vindue_Indvendigt:indvendigt 1800x1800

Count

20

W oo N

1
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= = 2NN
N~No N oo N
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Window
Window
Window
Window
Window
Window
Window

Vindue_Indvendigt:indvendigt 2100x1000
Vindue_Indvendigt:indvendigt 2100x1435
Vindue_Indvendigt:indvendigt 2100x290
Vindue_Indvendigt:indvendigt 2100x300
Vindue_Indvendigt:indvendigt 2100x400
Vindue_Indvendigt:indvendigt 2100x710
Vindue_Indvendigt:indvendigt 900x900

NRP R ORNR



Component Construction Type

Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space
Space

arbejdsniche
boilerrum

depot

gang
garderobe
garderobe / kopi
grovgarderobe
grupperum
kontor

kakken

pers. wc
personale rum
Paedagogisk kakken
Room
samtalerum
toilet

tarrerum

ude wc
Undefined
vaskeri /renggring
veerkstedsrum

Count
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SOLIBRI

Quantities

Model Name

Simplified model

User Daniel
Organization DTU
Date December 12, 2012

Simplified model with
modified skylights4

Date: 2012-12-11 16:48:48 Application:
Autodesk Revit Architecture 2012 IFC: IFC2X3

Building Element Type Type Net Area| Length | Volume | Count|
A2020 Basement Walls Basic Wall:15x15 fliser 27,5 6,2 0,9 1
A2020 Basement Walls Basic Wall:Beton 100 mm 3732,0 371,5 1227,4 27
A2020 Basement Walls Basic Wall:Beton 150 mm 4743,7 482,5 2351,2 26
A2020 Basement Walls Basic Wall:Gips 95 mm 1374,7 193,1 430,9 18
A2020 Basement Walls Basic Wall:Glas 319,7 61,6 41,9 6
A2020 Basement Walls Basic Wall:Pergola 100 mm 582,3 65,4 191,3 12
A2020 Basement Walls Basic Wall:Ydervaeg 195 pa tag 56,6 34,9 36,2 6
A2020 Basement Walls Basic Wall:Ydervaeg 500 mm 3037,8 514,4 4921,6 17
B1020 Roof Construction  Basic Roof:870 mm tag 13624,7 39843,1 12
B1020 Roof Construction  Basic Roof:Ovenlys opbygning 1547,8 1777,3 4
B2020 Exterior Windows  V1.1:1200 x1200 mm 15,5 24,9 1
B2020 Exterior Windows  V1.1:1300 x1300 mm 18,2 29,3 1
B2020 Exterior Windows  V1.1:1400 x1400 mm 189,9 306,1 9
B2020 Exterior Windows  V1.1:1500 x1500 mm 72,7 117,3 3
B2020 Exterior Windows  V1.1:1700 x1700 mm 31,1 50,3 1
B2020 Exterior Windows  V1.1:1745 x 2100 mm 315,6 511,7 8
B2020 Exterior Windows  V1.1:550 x 550 mm 19,5 23,0 6
B2020 Exterior Windows  V1.1:700 x 700 mm 31,7 44,8 6
B2020 Exterior Windows  V1.1:900 x 900 mm 17,4 27,8 2
B2020 Exterior Windows  V2.2:1700 x 2155 mm 39,4 63,8 1
B2020 Exterior Windows  V2.2:1700x2505 mm 275,0 227,4 6
B2020 Exterior Windows VD 1.1:1100x2100mm 198,9 36,1 8
B2020 Exterior Windows VD 1.1:910 x 2100 mm 82,3 16,0 4
B2020 Exterior Windows VD 2.1:1600x2100mm 72,3 117,3 2
B2020 Exterior Windows  Vindue_Indvendigt 1400x1000 15,1 1,6 1
B2020 Exterior Windows  Vindue_Indvendigt 1800x1800 209,3 13,2 6
B2020 Exterior Windows  Vindue_Indvendigt 2100x1000 22,2 1,1 1
B2020 Exterior Windows  Vindue_Indvendigt 2100x1435 64,9 2,9 2
B2020 Exterior Windows  Vindue_Indvendigt 2100x290 6,6 0,5 1
B2020 Exterior Windows  Vindue_Indvendigt 2100x300 40,7 8,2 6




B2020 Exterior Windows
B2020 Exterior Windows
B2020 Exterior Windows
B2020 Exterior Windows
B2020 Exterior Windows
B2020 Exterior Windows
C3020 Floor Finishes
Unclassified

Unclassified
Unclassified
Unclassified
Unclassified

Unclassified

Unclassified

Vindue_Indvendigt 2100x400
Vindue_Indvendigt 2100x710
Vindue_Indvendigt 900x900
ovenlys 3 felter:2850x6000
ovenlys 5 felter:2950x1000mm
ovenlys1felt:1000x1000
Compound Ceiling:Pergola top
D7:D7.5 1510mm uligflgjet 11+4
Indv. dgr - plade dobbelt handtag:
10M x21 EI2 30-C 2 (handtag gverst)
Indv. dgr - plade dobbelt handtag:
9M x21 EI2 30-C

Indv. dgr - plade dobbelt handtag:
9M x21 EI2 30-C 2 (handtag @verst)
Indv. dgr - plade:10M x21

Indv. dgr - plade:9M x21

Skydedgr integreret:

Skydedgr integreret 2

9,0
16,1
61,0

107,0
94,5
26,6

916,6
73,2

454,5

41,8
104,5
174,3

125,4

96,4

0,6
0,8
7,9
19,5
134,4
11,0
131,5
22,7

181,3
16,6
41,6
81,1

46,5

1,5

N N 00 O W - -

20
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Appendix F - Comparason of issues found in Solibri and Revit.
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Figure 1 — The two figures above depict the same wall/door intersection in Solibri and Revit respectively. In Solibri it

seems that the wall goes directly through the door, but in Revit

it can be seen that the wall is correctly cut around

the door. This is one example of misleading/false information provided in Solibri through its model check and does

not have to be corrected by the design team.
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| Fle | Model | Checking | Presentation |

{2y Checking &l E @ | G Chek 5 Report |

Ruleset (@) - Mae & s
5@ Pre-<heck for Energy Analysis 4586
- § Spaces Has to Be Contained by Buiding Floor &

E Too Small/Big Coordinate Values
| § wal Area Shouldn't Be Zero 9
= Wal Intersections
i & Door and Window Intersections
- § Door and Window Location
- § External Wal vakdation P
- § wal Construction Types Must Be from Agreed List
- § The Model Should Have Spaces o
- § Space Names Must Be from Agreed List m
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~ § Space Validation & &
- § Space Boundaries
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- § Unallocated Spaces &
& Doors and Windows Has to Be Related Wall )
§ Unique GUID

B

BEe
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Figure 2 — The same example of the model checking module in Solibri. The blue circles explain important functions of
the program. 1) The selected ruleset (energy analysis), 2) Check start, 3) Print of report to Excel, 4) Severity level high,
5) Severity level moderate, 6) Severity level low, 7) not accepted issue, 8) accepted issue, 9) Rulereport. (See larger

image in appendix F).

Figure 3 - Skylight construction illustrations. Left: the skylight construction in Revit. Middle: the

skylight
construction converted to gbhXML file. Right: the skylight construction seen in Solibri where the program
illustrate that the skylight family are somehow colliding with the skylight construction even though this is
not visible in neither Revit nor the IES plug-in.
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Be10 model: Tranehavevej Bel0 41,5kWh

Date 20.02.2013 12.10

Tranehavevej Borneinstitution

The building
Building type Other
Rotation 320,0 deg
Area ofheated floor 977,0 m?
Area existing / other 0.0 e
usage
Heat capacity 120,0 Wh/K n?
Normal usage time 50 hours/week
Usage time, start at - end 717

at, time

Calculation rules

- |

Calculation rules BR: Actual conditions

Suplement to energy

1,3 KWh/n?® ar
frame

Heat supply and cooling

_ e s s

Basic heat supply District heating
Electric panels No
adeonae, |

Solar heating plant No

Heat pumps No

Solar cells Yes

Wind mills No
Mechanical cooling No

Room temperatures, set points

Heating 20,0 °C
Wanted 23,0 °C
Natural ventilation 24,0 °C
Mechanical cooling 25,0 °C
Heating store 15,0 °C

Dimensioning temperatures

- |

Room temp. 20,0 °C
Outdoor temp. -12,0 °C
Room temp. store 15,0 °C
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External walls, roofs and floors

file:///H:/Kandidatspeciale/Model mappe/Be10/Tranehavewvej_Be10_41,5kWh.htm

Building component Area (n?) U (W/nrK) b Dim.Inside (C) Dim.Outside (C)
Facade Nord 9.4 0,10 1,000
Facade Syd 63,8 0,10 1,000
Facade Vest 38,1 0,10 1,000
Facade Ost 116,1 0,10 1,000
Terreendaek 977,0 0,10 1,000 30 10
Tag 945,5 0,10 1,000
Veegge inord mod
uopvarmet liggehal (fra 55,1 0,10 0,700
CAD)
Opgybning ovenlys 57,5 0,14 1,000
Talt 2262,5 . - . .
Foundations etc.
Building component 1 (m) Loss (W/mK) b Dim.Inside (C) Dim.Outside (C)
Vinduer og dere
(opgoerelse - dobbelt ved || 258,8 0,01 1,000
tilstedende vinduer)
Ovenlys ost + vest 108,5 0,10 1,000
Fundament 156,3 0,10 1,300 30
Ialt 523,6 - - - -
Windows and outer doors
Building . . . |Area |U Ff(- . Fc (- | Dim.Inside | Dim.Outside
component Number || Orient || Inclination m?) | (WhrK) b ) g (-) || Shading ) ©) ©)
Vinduer inord | | n 90,0 54 0,90 1,000 | 0,80 | 0,57 | Default | 0,20
facade
Vindueriost || o 90,0 23,9 0,90 1,000 | 0,80 [ 0,57 | Default | 0,20
facade
Vinduerisyd ) | s 90,0 7.8 0,90 1,000 [ 0,80 | 0,57 | Defautt 0,20
facade
Ovenlys ost 1 %] 12,0 25,7 || 1,20 1,000 | 0,80 | 0,57 || Default 0,70
Ovenlys vest | 1 v 12,0 17,1 || 1,20 1,000 || 0,80 || 0,57 || Default 0,70
GR
. udhzeng m.
vinduer fielles |, v 90,0 3,9 0,90 1,000 | 0,80 | 0,57 | hojre ved | 0,20
espalier hajre
felles
espalier
Vinduer m. Faellesrum,
udhaeng, 2 v 90,0 3,9 0,90 1,000 || 0,80 || 0,63 || vest 0,20
fellesrum udhzeng
» Skygge fra
vindue, bygning,
: 1 90,0 1,9 0,90 1,000 || 0,80 || 0,63 0,20
deﬁl’]f S b 2 > 2 b 2 Syd hgjre 2
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GR lengst
mod
Vinduer m. szcslinord,
udhengmod || 2 v 90,0 3,9 0,90 1,000 | 0,80 | 0,63 v 0,20
syd & nord udhzeng
4 top +
hojre,
venstre
GR
Vinduer felles udhzeng m.
espalier 2 \% 90,0 39 0,90 1,000 |[ 0,80 | 0,63 || venstre 0,20
venstre ved felles
espalier
Skygge
Dore ivest ved | , v 90,0 23 0,90 1,000 | 0,80 | 0,63 |99 ¥ed 1} 0
espalier espalier
vest
Resten af 4 v 90,0 1,9 0,90 1,000 | 0,80 [0,63 | Defautt | 1,00
dorene
Vinduerved | 5 v 90,0 2,5 0,90 1,000 | 0,80 [0,63 | Defautt | 0,20
keokken
GR Vinduer GR ved
ved siden af siden af
udhzeng 2 v 90,0 4,4 0,90 1,000 | 0,80 | 0,63 udheeng 0,20
venstre venstre
GR Vinduer gizzdf
ved siden af 2 v 90,0 4,4 0,90 1,000 || 0,80 | 0,63 0,20
udhzeng hajre udhzng
hejre
GR Vinduer GR ved
ved siden af 1 \% 90,0 4.4 0,90 1,000 | 0,80 | 0,63 | siden af 0,20
veerksted vaerksted
GR Vinduer GR ved
ved siden af 1 v 90,0 4,4 0,90 1,000 || 0,80 | 0,63 | siden af 0,20
wC ude WC
Ialt 34 - - 170,7 | - - - - - - - -
Shading
.. . o o o A Window opening
Description Horizon (°) Eaves (°) Left (°) Right (°) %)
()
Default 15 0 0 0 10
Fellesrum, vest udheeng | 15 70 38 42 10
Skygge fra bygning, syd 15 0 20 0 10
venstre
Skyege fra bygning, syd | | 5 0 0 80 10
hojre
GR leengst mod syd/nord,
vest udhaeng top + hejre, | 15 40 47 47 10
venstre
GR udhang m. venstre
ved felles espalier 15 40 47 0 10
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GR udhaeng m. hejre ved 15 40 0 47 10
feelles espalier
GR ved siden af udhzeng 15 0 30 0 10
venstre
GR ved siden afudhang 15 0 0 30 10
hojre
GR ved siden af veerksted || 15 0 66 30 10
GR ved siden afude WC | 15 0 47 75 10
Skygge fra bygning, nord 15 0 80 0 10
venstre
Skygge fra bygning, nord 15 0 0 20 10
hojre
Skygge dere ved espalier 15 40 47 47 10
vest
Ventilation
qi,n qmn | qn,n
Area |Fo, |ImUsIndy G jans e deg  Jams fanss o g
Zone ), | vev | n?), (Us np), | ),
() |- Winter | (-) CONHC ) Winter | ™ |6 | g mer | Summer | T | ™
Winter Night | Night
Grupperum barneh./vuggest. 264,0 (1,00 (1,60 |0,85]18,0|No |[0,10 |0,06 |1,3 2,00 1,80 0,10 | 0,06

Kontor/personalerunysamtalerum | 65,3 || 1,00 | 0,80 | 0,85 18,0 | No [[0,10 | 0,06 1,3 2,00 1,50 0,10 |[ 0,06

Kokken, paed 22,0 |1,00(0,80 |0,85]18,0|No 0,10 |0,06 1,3 2,00 0,80 0,10 | 0,06

Toilet/puslerum 103,01 1,00 0,80 || 0,85 18,0 | No || 0,10 [0,06 | 1,3 2,00 0,70 0,10 | 0,06

Garderobe/torrerumy/vindfang 298,0 1,00 (0,80 |0,85] 18,0 No 0,10 |0,06 |1,3 2,00 1,20 0,10 | 0,06

Andet 174,7 1,00 0,80 | 0,85 18,0 No 0,10 |0,06 | 1,3 2,00 0,70 0,10 | 0,06
Keokken, prod 50,0 || 1,00 0,80 | 0,65 18,0|No |0,10 |0,06 |1,3 2,00 1,60 0,10 | 0,06
Internal heat supply

Zone Area (n?) Persons (W/n?) App. (W/n?) App,night (W/n?)
Kokken 50 4,0 6,0 0,0

Resten af huset 927 4.0 6,0 0,0

Lighting
A, K) (W)

Kekken (areal ifolge tegninger) 774 10,5 5,0 200 2,00 |K 0,80 [ 0,0 0,0 0,0 0,0
Grupperum bernehave/vuggestue | 283,2 | 0,5 5,0 200 2,00 | K 0,90 0,0 0,0 0,0 0,0
toilet/puslerum 102,5 || 0,5 5,0 200 2,00 |K 0,80 |/ 0,0 0,0 0,0 0,0
Vindfang/grovgarderobe/terrerum || 298,1 | 0,5 5,0 200 1,00 |K 0,80 [ 0,0 0,0 0,0 0,0
Personalerunvsamtale/arbejdsrum || 65,3 | 0,5 5,0 200 2,00 [K 0,80 || 0,0 0,0 0,0 0,0
Andet 150,5 | 0,5 5,0 200 1,00 |U 0,70 |/ 0,0 0,0 0,0 0,0
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Other el. consumption
Outdoor lighting 0,0 W
Spec?. apparatus, during 0.0 W
service
Spec. apparatus, always || 0,0 W
Basement car parkings etc.
Zone Area General || General || Lighting | DF ((E})n;[ol Fo () Work | Other S;and— Night
0 s s -
(m?) (W) || (W) || (lux) (%) A K) (W) || (W) (Win?) (W)
Mechanical cooling
Description Mekanisk keling
Share of floor area 0
El-demand 0,00 kWh-el/kWh-cool
Heat-demand 0,00 kWh-heat/kWh-cool
Load factor 1,2
Heat .capamty phase shift 0 Whin?
(cooling)
Increase factor 1,50
Documentation
Heat distribution plant
Composition and temperature
Supply pipe temperature | 70,0 °C
Return pipe temperature || 40,0 °C
Type of plant 2-string Anlegstype
Pumps
Pump type Description Number Pnom Fp
Constant service all year 0 0,0 W 0,00
Constant service during Opvarmni . 1 100.0 W 0.40
heating season P Espump ’ ’
Constant service during | ) 1oe. 3 40,0 W 0,40
heating season
Heating pipes
Pipe lengths in supply and Outdoor comp Unused summer
return 1(m) Loss (W/mK) b (IN) UN)
Rerfordeling til gulvvarme | 0,0 0,00 1,000 N N
Domestic hot water
Description Varmt brugsvand
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?‘:)etr_av;:tgrcg:;furgi?gn’ 100,0 litre/year per n? of floor area
Domestic hot water temp. || 55,0 °C

Hot-water tank
Description Ny varmtvandsbeholder
N@er of hot-water 10
containers ’
Tank volume 800,0 liter
S {1
EL heating of DHW No
Solar heat tank with
heating coil No
giit loss from hot-water 1.8 WK
Temp. factor for setup 0.0
room

Charging pump
Effect 0,0 W
Controled No
Charge effect 0,0 kW

Heat loss from connector pipe to DHW tank
Length Loss b Description
6,0 m 0,2 W/K 0,00
Cirkulating pump for DHW
Description PumpCirc
Number 1,0
Effect 25,0 W
Number 0,0
Effect 0,0 W
Reduction factor 0,40 W
EL traciflg of discharge No
water pipe
Domestic hot water discharge pipes
feigif“gths insupply and || Loss (W/mK) b
80,0 0,17 0,000
Water heaters
Electric water heater

Description Elvandvarmer
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Share of DHW in

0,0
separate el. water heaters
Heat loss from hot-water
tank 0,0 W/K
Temp. factor for setup 1,00
room

Gas water heater
Description Gasvandvarmer
Share of DHW in
separate gas water 0,0
heaters
Heat loss from hot-water 0.0 WK
tank
Efficiency 0,5
Pilot flame 50,0 W
Temp. factor for setup 1,00
room
District heat exchanger

Description Ny fiernvarmeveksler
Nominal effect 80,0 kW
Heat loss 1,0 W/K
DHW heating through

No
exchanger
E).ichanger temperature, 60,0 °C
min
Temp. factor for setup 0,00
room
Automatics, stand-by 50 W

Other room heating
Direct el for room heating
Description Supplerende direkte rumopvarmning
Share of floor area 0,0
_  __ s—__ala AN
Wood stoves, gas radiators etc.
Description
Share of floor area 0,0
Efficiency 0,4
Air flow requirement 0,1 /s
Solar heating plant

Description Nyt solvarmeanleg
Type Domestic hot water
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=¥ ey

Solar collector

Area 0,0 n?

Start 0,8

Coeflicient of heat loss al

kWt

3.5 WieK Coeflicient of heat loss a2 0,0 W/m?K Anglefactor 0,9
Orientation S Slope 0,0 ° -
Horizon 10,0 ° Left 0,0 © Right 0,0 °
Solar collector pipe
Length 0,0 m Heat loss 0,00 W/mK Circuit 0,8
Electricity
5;2?3 i;los’g]zi;,co]lector Automatics, stand-by 5,0 W
Solar cells
Description Nyt solcelle anleg
Solar cells
Area 25,0 m? Orientation v Slope 8,0 °
Horizon 10,0 ° Left 10,0 © Right 10,0 °
Additional
Peak power 0,140 Efficiency 0,80
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Model:
Tranehavevej_BelO 41,5kWh

SBi Beregningskerne 5, 11, 7, 21

Bel0 results: Tranehavevej Bgrneinstitution

Energy requirement

MWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Heating 5,74\ 4,86| 3,73| 1,48| 0,70| 0,63| 0,66] 0,66( 0,67| 1,67 3,42| 5,03| 29,24
El. for service of buildings 1,04( 0,72| 0,56 0,34| 0,26] 0,28] 0,33] 0,40] 0,49| 0,77| 0,95| 1,10| 7,23
Excess temperature in rooms 0,00{ 0,00{ 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Total energy requirement

MWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
BR 2010 8,34 6,65 5,13| 2,32| 1,34| 1,34| 1,49| 1,65| 1,90| 3,59 5,80 7,78 47,33
kWh/m2 85| 68| 53| 24| 14| 14| 15| 1,7 1,9 3,7| 59| 80| 484
Low energy 2015 7,19 5,68| 4,38| 2,03| 1,20| 1,21| 1,36| 1,52 1,77| 3,26| 5,11| 6,78| 41,48
kWh/m2 74\ 58| 45| 21| 12| 12| 14| 1,6] 18] 33| 52| 6,9 425
Buildings 2020 5,31| 4,21 3,25 1,50| 0,88] 0,89 1,00| 1,11| 1,29{ 2,39 3,76 5,00] 30,57
kWh/m2 54( 43| 33| 1,5 09| 09 10| 1,1| 1,3| 24| 39| 51 31,3
Heat requirement. External supply to building

MWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Boiler/district heating 5,74\ 4,86| 3,73| 1,48| 0,70| 0,63 0,66] 0,66( 0,67| 1,67 3,42| 5,03| 29,24
Gas radiators 0,00 0,00] 0,00 0,00| 0,00} 0,00 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Gas water heaters 0,00 0,00] 0,00 0,00| 0,00} 0,00 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Cooling 0,00{ 0,00 0,00 0,00| 0,00} 0,00{ 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Total 5,74| 4,86| 3,73| 1,48| 0,70| 0,63| 0,66| 0,66| 0,67| 1,67| 3,42| 5,03| 29,24
kWh/m?2 59( 50 38} 1,5 o7 o6} 07| 07| 0,7 1,70 3,5 51| 29,9
El. requirement. External supply to building. Building service

kWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Central heating plant 65] 59| 65| 46 0 0 0 0 0| 61| 63| 65] 426
Domestic hot water 7 7 7 7 7 7 7 7 7 7 7 7 88
Ventilation plant 286| 258| 286( 343| 458| 501| 533| 518| 403| 328| 277| 286| 4477
Boiler/district heating 4 3 4 4 4 4 4 4 4 4 4 4 44
Heat pump 0 0 0 0 0 0 0 0 0 0 0 0 0
Solar heat 0 0 0 0 0 0 0 0 0 0 0 0 0
Room heating 0 0 0 0 0 0 0 0 0 0 0 0 0
Local el. water heaters 0 0 0 0 0 0 0 0 0 0 0 0 0
Cooling 0 0 0 0 0 0 0 0 0 0 0 0 0
Lighting 715| 480| 379| 252| 230| 217| 226 241| 306| 493| 656| 768| 4963
Total for building service 1077] 807| 742 652 699| 729| 770| 771| 720[ 89310071130 9997
kWh/m?2 1,14 o8 o8} o7 o7 o7 08 08| 0,7 09| 1,0} 12| 102
El. requirement. External supply to building. Other el. consumption

kWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Other lighting 0 0 0 0 0 0 0 0 0 0 0 0 0
Equipment 1298(11172](1298( 1256|1298 1256|1298 1298( 1256|1298 1256|1298 15283
Total for other 1298(11172](1298( 1256|1298 1256|1298(1298( 1256|1298 1256|1298 15283
kWh/m2 13) 1,2 1,3| 1,3] 1,3 1,3]| 1,3| 1,3| 13| 1,3] 13| 1,3| 156

El. requirement. External supply to building. Total el. requirement
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kWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
The building 2375(11980(2040(1909((1997( 1985|2068 2069| 1976|2191 2263|2428 25280
Solar cell performance 40| 90| 183| 315| 443| 448| 436| 373| 228| 124| 54| 27| 2762
Wind mill performance 0 0 0 0 0 0 0 0 0 0 0 0 0
Resulting el. requirement 1037| 717| 559| 338| 256( 281| 335| 398| 492 769| 952|1103| 7235
El. for heating 0 0 0 0 0 0 0 0 0 0 0 0 0
E;'a Iﬁ]rg"ther purpose than 1037| 717| s559| 338| 256| 281| 335| 398| 492| 769| 952(1103| 7235
Room heating, Heating requirement

MWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
In rooms 4,76 3,96 2,84 0,77| 0,00] 0,00{ 0,00/ 0,00{ 0,00{ 0,99} 2,68| 4,12| 20,13
Heat coil 0,33 0,31| 0,24 0,07| 0,01} 0,00{ 0,00| 0,00{ 0,01| 0,02| 0,10{ 0,25 1,33
Pipe loss 0,00 0,00 0,00 0,00| 0,00} 0,00{ 0,00] 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Total 5,09 4,27| 3,08 0,84| 0,01} 0,00{ 0,00/ 0,00( 0,01| 1,01} 2,78 4,37| 21,46
Total, kWh/m? 52| 44| 32| 09 0,0} 00| 00 00 00| 1,0f 28| 45 22,0
Room heating, Fulfilment of heat requirement

MWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Boiler/district heating 5,09| 4,27| 3,08 0,84| 0,01} 0,00{ 0,00/ 0,00( 0,01| 1,01} 2,78 4,37| 21,46
Solar heating plant 0,00 0,00] 0,00 0,00| 0,00} 0,00{ 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Heat pump 0,00 0,00] 0,00 0,00| 0,00} 0,00 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
El. heating of rooms 0,00 0,00] 0,00 0,00| 0,00} 0,00 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
El-VF in ventilation plant 0,00{ 0,00 0,00 0,00| 0,00} 0,00{ 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Wood stoves etc. 0,00| 0,00 0,00 0,00| 0,00} 0,00{ 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Total 5,09| 4,27 3,08( 0,84( 0,01( 0,00{ 0,00f 0,00] 0,01} 1,01| 2,78 4,37| 21,46
Domestic hot water, Hot-water requirement

m?3 Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Total consumption 83| 7,5/ 8,3 8,0 83| 80| 83/ 83| 80| 83| 80| 83| 97,7
Domestic hot water, Supply

m?3 Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Central heating plant 8,3| 75| 83| 80| 83| 80| 83| 83| 80| 83| 80| 83| 97,7
Local el. heaters 0,0{ o0,0| o,0f 0,0 0,0f 00 00 0,0 00 0,0f 00| 0,0/ 0,0
Local gas heaters 0,0f o0 o0 O0f O0f 00 00 00 00 00 0,0 00f 00
Total 8,3| 75| 83| 80| 83| 80| 83| 83| 80| 83| 80| 83| 97,7
Domestic hot water, Heating requirement

MWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Central water container 0,44 0,39| 0,44| 0,42| 0,44| 0,42| 0,44] 0,44| 0,42| 0,44| 0,42| 0,44 5,13
Local el. heater 0,00| 0,00] 0,00 0,00{ 0,00} 0,00{ 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Local gas heater 0,00{ 0,00] 0,00 0,00| 0,00} 0,00{ 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Heating total 0,44] 0,39| 0,44| 0,42| 0,44( 0,42| 0,44( 0,44| 0,42| 0,44 0,42 0,44] 5,13
Loss central water container 0,05| 0,04| 0,05| 0,05 0,05( 0,05 0,05|| 0,05| 0,05| 0,05( 0,05| 0,05 0,55
Loss connection pipes for DHW | 0,03| 0,03| 0,03 0,03} 0,03| 0,03| 0,03 0,03l 0,03| 0,03] 0,03| 0,03| 0,37
Domestic hot water, pipe loss 0,14\ 0,13 0,14| 0,14| 0,14 0,14 0,14| 0,14] 0,14| 0,14 0,14| 0,14 1,67
Loss local el. water heaters 0,00 0,00 0,00( 0,00{ 0,00} 0,00{ 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Loss local. gas water heaters 0,00| 0,00{ 0,00| 0,00| 0,00{ 0,00{ 0,00{ 0,00{ 0,00{ 0,00{ 0,00{ 0,00] 0,00
Total loss 0,22| 0,20{ 0,22 0,21| 0,22| 0,21| 0,22} 0,22 0,21| 0,22 0,21| 0,22 2,59
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Total 0,66 0,59| 0,66 0,63| 0,66| 0,63 0,66/ 0,66( 0,63| 0,66| 0,63| 0,66 7,72
kWh/m2 0,7( o6| o,7f o6 O,7| 06| 077 0,7( 06| 0,7 06| O7] 7,9
Domestic hot water, Fulfilment of heating requirement

MWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Boiler/district heating 0,66 0,59| 0,66 0,63| 0,66| 0,63| 0,66/ 0,66( 0,63| 0,66| 0,63| 0,66 7,72
Solar heating plant 0,00 0,00} 0,00 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00] 0,00
Heat pump 0,00 0,00} 0,00 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00] 0,00
Ecl)h ?ael";‘]tgr‘g of central water 0,00{ 0,00 0,00 0,00{ 0,00] 0,00] 0,00( 0,00] 0,00] 0,00 0,00| 0,00{ 0,00
El. tracing of DHW pipes 0,00 0,00} 0,00( 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00{ 0,00
Local el. water heaters 0,00 0,00} 0,00( 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00{ 0,00
Local gas heaters 0,00 0,00} 0,00( 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00{ 0,00
Total 0,66 0,59| 0,66 0,63| 0,66| 0,63 0,66/ 0,66( 0,63| 0,66/ 0,63| 0,66 7,72
El. requirement in heating plant

kWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Direct room heating 0 0 0 0 0 0 0 0 0 0 0 0 0
Pumps 65| 59| 65| 46 0 0 0 0 0| 61] 63 65 426
Total 65| 59| 65| 46 0 0 0 0 0| 61] 63| 65 426
kWh/m? 0,1 o1} o1} o0 o,0f 0,0 00 0,0 00} 021} 0,1} 01 0,4
El. requirement in hot-water discharge plant

kWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
(I:E(I)n ?;?]telr:g of central water 0 0 0 0 0 0 0 0 0 0 0 0 0
El. tracing of DHW pipes 0 0 0 0 0 0 0 0 0 0 0 0 0
Charging pump 0 0 0 0 0 0 0 0 0 0 0 0 0
Circulating pump 7 7 7 7 7 7 7 7 7 7 7 7 88
Total 7 7 7 7 7 7 7 7 7 7 7 7 88
kWh/m2 0,0{ 0,0 o,0f 0,0 00} 0,0 00 0,0f 00 0,0} 00 00 0,0
El. requirement in ventilation plant

kWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Heat coils 0 0 0 0 0 0 0 0 0 0 0 0 0
Ventilators 286| 258| 286( 343| 458| 501| 533| 518| 403| 328| 277| 286| 4477
Total 286| 258| 286( 343| 458| 501| 533| 518| 403| 328| 277| 286| 4477
kWh/m?2 0,3| 03] 03| 04| O5] 05| 05/ 05| 04| 03| 03| 03] 46
Boiler/district heating exchanger, Heat

MWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Performance 5,74| 4,86 3,73| 1,48| 0,67| 0,63 0,66] 0,66( 0,64| 1,67 3,42| 5,03] 29,18
Consumption 5,78 4,89| 3,77 1,51| 0,70| 0,63 0,66 0,66( 0,67| 1,70| 3,45| 5,06| 29,46
Utilizable heat loss 0,03| 0,03 0,03 0,03| 0,00] 0,00{ 0,00] 0,00{ 0,00{ 0,03} 0,03| 0,03 0,22
Efficiency 99 99| 99| 98| 95| 100| 100 100 95| 98| 99| 99 99
Boiler/district heating exchanger, El. requirement

kWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Burner, kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Automatics, kWh 4 3 4 4 4 4 4 4 4 4 4 4 44
Total 4 3 4 4 4 4 4 4 4 4 4 4 44
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KWh/m? | 00] 00| 00| 00] 00| 00| 00| 00] 00] 00| 00| 00| o00
Heat pump, Heat

MWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Performance, Room heating 0,00 0,00} 0,00 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00] 0,00
Performance, DHW 0,00 0,00} 0,00 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00] 0,00
Total 0,00 0,00} 0,00 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00] 0,00
Contribution ratio, room heating|| 0,00{ 0,00{ 0,00| 0,00{ 0,00} 0,00{ 0,00} 0,00{ 0,00{ 0,00{ 0,00] 0,00
Contribution ratio, DHW 0,00 0,00} 0,00 0,00 0,00] 0,00 0,00] 0,00{ 0,00{ 0,00{ 0,00{ 0,00

Heat pump, El. requirement

kWh Jan|| Feb| Mar| Apr| May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
El. requirement, room heating 0 0 0 0 0 0 0 0 0 0 0 0 0
E(Ia.a [ier?guwement, stand-by room 0 0 0 0 0 0 0 0 0 0 0 0 0
El. requirement, DHW 0 0 0 0 0 0 0 0 0
El. requirement, stand-by DHW 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0
kWh/m2 0,0{ 0,0 o,0f 0,0 00 0,0 00 0,0f 00| 0,0} 00 00 0,0
Solar heating plant, Heat

MWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Performance, Room heating 0,00 0,00} 0,00 0,00| 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00] 0,00
Performance, DHW 0,00 0,00} 0,00 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00] 0,00
Total 0,00 0,00} 0,00 0,00| 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00( 0,00| 0,00] 0,00
Contribution ratio, room heating|| 0,00( 0,00{ 0,00| 0,00{ 0,00} 0,00{ 0,00} 0,00{ 0,00{ 0,00{ 0,00] 0,00
Contribution ratio, DHW 0,00 0,00] 0,00 0,00| 0,00} 0,00 0,00] 0,00{ 0,00{ 0,00{ 0,00{ 0,00
Solar heating plant, EI. requirement

kWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Pump 0 0 0 0 0 0 0 0 0 0 0 0 0
Automatics 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0
kWh/m2 0,0{ 0,0 o,0f 0,0 00 0,0 00 0,0f 00 00} 00 00 0,0
El. requirement for lighting. Included in the building's performance

kWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
General during service life 715| 480| 379| 252| 230| 217| 226 241| 306| 493| 656| 768| 4963
gsei\r}(iagsl stand-by when not in 0 0 0 0 0 0 0 0 0 0 0 0 0
Working lights in service life 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 715| 480| 379| 252| 230| 217| 226 241| 306| 493| 656| 768| 4963
kWh/m2 0,7( 05| 04| 03| 02| 02| 02| 02| 03] 05| 0,7] 08/ 5,1
El. requirement for lighting. Other lighting

kWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
During service 0 0 0 0 0 0 0 0 0 0 0 0 0
Night consumption 0 0 0 0 0 0 0 0 0 0 0 0 0
Basement car parkings 0 0 0 0 0 0 0 0 0 0 0 0 0
Outdoor lights 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0

file://H:\Kandidatspeciale\Model mappe\Bel10\Tranehavevej Bel0 41,5kWh res.xml  20-02-2013



kWh/m?

Page 5 of 6

| 00] 0] 0o] 0o] 00] 00f oof oof o] oof 0o 00] o0

El. requirement for epuipment

kWh Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Equipment 1298(11172]|1298( 1256|1298 1256|1298 1298( 1256|1298 1256|1298 15283
Night consumption, equipment 0 0 0 0 0 0 0 0 0 0 0 0 0
ssfr?/(ﬂ:il equipment during of of of of of of o of of of of of o
Special equipment always 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 1298(11172](1298( 1256|1298 1256|1298(1298( 1256|1298 1256|1298 15283
kWh/m2 1,3 12| 1,3)| 1,3 1,3)| 1,3]| 1,3]| 1,3]| 1,3]| 1,3]| 1,3]| 1,3| 156
Solar cells and wind mills
kWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Total el. requirement 2375(11980(2040(1909((1997 1985|(2068(2069| 1976|2191 2263|2428 25280
Solar cells 40| 90| 183| 315| 443| 448| 436 373| 228 124 54| 27| 2762
Wind mills 0 0 0 0 0 0 0 0 0 0 0 0 0
Total performance 40| 90| 183| 315| 443| 448| 436| 373| 228 124 54| 27| 2762
Balance 2335(1889( 1857|1594 1554| 1537( 1633| 1696 1748|2067 2208( 2401 | 22518
Surplus 0 0 0 0 0 0 0 0 0 0 0 0 0
Adjustment of performance 0 0 0 0 0 0 0 0 0 0 0 0 0
Solar cells, included 40[ 90| 183| 315| 443| 448| 436| 373| 228| 124| 54| 27| 2762
kWh/m2 0,0{ o1 02| 03| 05 05| 04| 04 02| 01| 01]| 0,0/ 28
Wind mills, included 0 0 0 0 0 0 0 0 0 0 0 0 0
kWh/m2 0,0{ 0,0| o,0f 0,0 0,0f 00 00 0,0 00 0,0f 00 0,0/ 0,0
Net heating requirement in rooms
MWh Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Heat loss 8,34 7,64| 7,50 5,82| 3,85| 2,36( 1,90| 1,98 3,28| 4,68 6,12| 7,58| 61,06
Incident solar radiation 0,58| 1,20| 2,37| 3,70| 4,84| 4,95| 4,84| 4,32| 2,88| 1,61 0,72| 0,42] 32,43
Internal supplement 2,88| 2,43| 2,54| 2,35| 2,39| 2,31| 2,39| 2,40 2,40| 2,66| 2,75| 2,93| 30,43
From pipes and water container | 0,22| 0,20 0,22} 0,21| 0,22| 0,21| 0,22| 0,22| 0,21| 0,22 0,21| 0,22 2,59
Total supplement 3,68| 3,83| 5,13| 6,25| 7,46| 7,47| 7,45| 6,95| 5,49| 4,49 3,68| 3,57| 65,45
Relative supplement 0,44 0,50{ 0,68 1,07| 1,94| 3,17| 3,91| 3,51| 1,67| 0,96/ 0,60| 0,47
Utilization factor 0,97{ 0,96| 0,91 0,76| 0,49| 0,31| 0,25| 0,28| 0,56| 0,81 0,93 0,97| 0,68|
Part of month with heating 1,00{ 1,00| 1,00| 0,72 0,00 0,00| 0,00{ 0,00} 0,00( 0,93| 1,00{ 1,00
Heating requirement 4,76\ 3,96| 2,84| 0,77| 0,00{ 0,00{ 0,00{ 0,00{ 0,00{ 0,99 2,68| 4,12| 20,13
S':fr?;'é‘eg in ventilating heat 0,33 0,31] 0,24] 0,07| 0,01] 0,00] 0,00] 0,00] 0,01| 0,02] 0,10 0,25] 1,33
Net. room heating 5,09| 4,27| 3,08 0,84| 0,01} 0,00{ 0,00] 0,00( 0,01| 1,01} 2,78 4,37| 21,46
Total, kWh/m? 52| 44| 32f 09 0,0} 00| 00 00 00| 1,0f 28| 4,5 206
Solar shield, forced vent., night vent. and cooling

Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Solar shield, red. factor 0,82 0,80 0,80( 0,80 0,80| 0,83 0,82] 0,82 0,80| 0,80| 0,83 0,85
Forcing, share 0,00| 0,00{ 0,00 0,25| 0,57| 0,76 0,81| 0,76 0,43| 0,15 0,00| 0,00
Night ventilation, share 0,00{ 0,00 0,00 0,00 0,24} 0,33 0,35| 0,32 0,18| 0,00 0,00| 0,00
Mechanical cooling, share 0,00( 0,00| 0,00| 0,00| 0,00} 0,00 0,00] 0,00{ 0,00] 0,00{ 0,00{ 0,00
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Mean ventilation. Sum of natural and mechanical ventilation

Jan|| Feb| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
m?3/s 0,37| 0,37| 0,37 0,40| 0,46| 0,49| 0,50| 0,49| 0,43| 0,39| 0,37| 0,37
I/s m? 0,37| 0,37{ 0,37 0,41| 0,47| 0,50{ 0,51| 0,50| 0,44| 0,40| 0,37 0,37
Share of time at 26,0 °C room temperature or above
Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Time sha<re 0,00 0,00} 0,00 0,00{ 0,00} 0,00 0,00} 0,00{ 0,00{ 0,00{ 0,00| 0,00] 0,00
Mechanical cooling, net

Jan|| Feb| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year

MWh 0,00} 0,00{ 0,00{ 0,00{ 0,00 0,00 0,00{ 0,00{ 0,00{ 0,00( 0,00{ 0,00{ 0,00
kWh/m2 0,0/ o,0f o, 0,0 0,0 00 00 O0f 00} 00 00 00 0,0
Total heat loss, W/m2

Heat loss 12,8

x?r:]ttellratlon without HRV in 432

Total 56,1

Ventilation with HRV in winter || 10,1

Total 22,9
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Be10 model: Traneh. BelO_tailered incl. cooling

Tranehavevej Barneinstitution

Date 20.02.2013 11.42

Tranehavevej Borneinstitution

at, time

The building
Building type Other
Rotation 320,0 deg
Area ofheated floor 977,0 m?
Area existing / other 0.0 e
usage
Heat capacity 120,0 Wh/K n?
Normal usage time 50 hours/week
Usage time, start at - end 717

Calculation rules

- |

Calculation rules

BR: Actual conditions

Suplement to energy
frame

1,3 kWh/n?* ar

Heat supply and cooling

_ e s s

Basic heat supply District heating
Electric panels No
adeonae, |

Solar heating plant No

Heat pumps No

Solar cells Yes

Wind mills No
Mechanical cooling Yes

Room temperatures, set points

Heating 22,0 °C
Wanted 23,0 °C
Natural ventilation 24,0 °C
Mechanical cooling 25,0 °C
Heating store 15,0 °C

Dimensioning temperatures

- |

Room temp. 22,0 °C
Outdoor temp. -12,0 °C
Room temp. store 15,0 °C
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External walls, roofs and floors

Building component Area (n?) U (W/nrK) b Dim.Inside (C) Dim.Outside (C)
Facade Nord 9.4 0,10 1,000
Facade Syd 63,8 0,10 1,000
Facade Vest 38,1 0,10 1,000
Facade Ost 116,1 0,10 1,000
Terreendeek 977,0 0,10 1,000 30 10
Tag 945,5 0,10 1,000
Veegge inord mod
uopvarmet liggehal (fra 55,1 0,10 0,700
CAD)
Opgybning ovenlys 57,5 0,14 1,000
Talt 2262.5 - - - -
Foundations etc.
Building component 1(m) Loss (W/mK) b Dim.Inside (C) Dim.Outside (C)
Vinduer og dere
(opgoerelse - dobbelt ved || 258,8 0,01 1,000
tilstedende vinduer)
Ovenlys konstruktion ost 108.5 0.10 1,000
+ vest
Fundament 156,3 0,10 1,300 30
Talt 523,6 - - - -
Windows and outer doors
Building . . .. ||Area |U Ff(- . Fc (- | Dim.Inside | Dim.Outside
component Number || Orient | Inclination () | (WinPK) b ) g(-) | Shading ) ©) ©)
Vinduer inord |, n o [90,0 54 (090  [1,000(080 [0,57 | Default 0,20
facade
Vindueriost | | o 900 239 1090 1,000 |0,80 0,57 |Defaukt | 0,20
facade
Vinduerisyd | s 90,0 7.8 (0,90 1,000 | 0,80 [0,57 | Defautt | 0,20
facade
Ovenlys ost 1 ng 12,0 25,7 | 1,20 1,000 | 0,80 | 0,43 || Default 1,00
Ovenlys vest 1 Y 12,0 17,1 | 1,20 1,000 | 0,80 | 0,43 || Default 1,00
GR
. udhzeng m.
vinduer fielles | v 90,0 3,9 0,90 1,000 | 0,80 | 0,57 | heire ved | 0,20
espalier hajre
feelles
espalier
Vinduer m. Feellesrum,
udhzng, 2 v 90,0 3,9 0,90 1,000 | 0,80 | 0,57 | vest 0,20
fellesrum udheng
. Skygge fra
vindue, .
vindfanf 1 s 90,0 1,9 0,90 1,000 | 0,80 | 0,57 | bygning, | 0,20
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syd hejre
GR leengst
mod
Vinduer m. izcsiinord,
udhzeng mod 2 \ 90,0 3,9 0,90 1,000 | 0,80 | 0,57 0,20
udhzeng
syd & nord
top +
hejre,
venstre
GR
Vinduer felles udhzeng m.
espalier 2 v 90,0 3,9 0,90 1,000 | 0,80 | 0,57 || venstre 0,20
venstre ved felles
espalier
Skygge
Dore ivestved |, v 90,0 23 0,90 1,000 10,80 | 0,57 | 974 16 80
espalier espalier
vest
Resten af 4 v 90,0 1,9 0,90 1,000 | 0,80 0,57 | Default | 0,80
derene
Vinduer ved | 4 v 90,0 2,5 0,90 1,000 | 0,80 0,57 | Default | 0,20
kokken
GR Vinduer GR ved
ved siden af siden af
udheeng 2 \% 90,0 4.4 0,90 1,000 |[ 0,80 || 0,57 udheeng 0,20
venstre venstre
GR Vinduer gi;e;
ved siden af 2 v 90,0 4,4 0,90 1,000 | 0,80 | 0,57 0,20
udhaeng hejre udhzeng
g haj hejre
GR Vinduer GR ved
ved siden af 1 \% 90,0 4,4 0,90 1,000 || 0,80 | 0,57 | siden af 0,20
veerksted veerksted
GR Vinduer GR ved
ved siden af 1 v 90,0 4.4 0,90 1,000 || 0,80 || 0,57 || siden af 0,20
WwC ude WC
Talt 34 - - 170,7 | - - - - - - - -
Shading
. . o o o S Window opening
Description Horizon (°) Eaves (°) Left (°) Right (°) %)
0
Default 15 0 0 0 10
Fellesrum, vest udheng | 15 70 38 42 10
Skygge fra bygning, syd 15 0 20 0 10
venstre
Skygge fra bygning, syd 15 0 0 20 10
hejre
GR lzengst mod syd/nord,
vest udhaeng top + hejre, 15 40 47 47 10
venstre
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GR udhaeng m. venstre 15 40 47 0 10
ved felles espalier
GR udhaeng m. hejre ved 15 40 0 47 10
felles espalier
GR ved siden af udheng 15 0 30 0 10
venstre
GB ved siden af udheng 15 0 0 30 10
hojre
GR ved siden af veerksted || 15 0 66 30 10
GR ved siden afude WC | 15 0 47 75 10
Skygge fra bygning, nord 15 0 20 0 10
venstre
Skygge fra bygning, nord 15 0 0 20 10
hejre
Skygge dere ved espalier 15 40 47 47 10
vest
Ventilation
qin qm,n || qn,n

- Area | Fo, ?111:; s Dol ?I’;)(VS (Us | SEL ?];l;’fnz) ?n‘;’)s s s | s

() |- Wit’lter (-g;V (°C) | HC Wit;ter me), | (/) Summe,r Sul;lmer m), | ),

Winter Night | Night
Grupperum barneh./vuggest. 264,0 (1,00 2,20 | 0,85] 18,0 | No |[0,10 |0,06 1,3 1,80 1,80 0,10 | 0,06
Kontor/personalerunysamtalerum | 65,3 || 1,00 || 0,60 | 0,85 18,0 | No || 0,10 | 0,06 1,3 1,00 1,50 0,10 | 0,06
Keokken, paed 22,0 |1,00(1,00 |0,85]|18,0|No 0,10 |0,06 |1,3 2,00 0,80 0,10 | 0,06
Toilet/puslerum 103,0 | 1,00 | 0,80 || 0,85 18,0 | No |[0,10 | 0,06 |1,3 2,00 0,70 0,10 | 0,06
Garderobe/terrerum/vindfang 298,0 (1,00 (0,80 | 0,85] 18,0 No |[0,10 |0,06 |1,3 2,00 1,20 0,10 | 0,06
Andet 174,7 (1,00 | 0,80 || 0,85 18,0 | No [[0,10 | 0,06 |1,3 2,00 0,70 0,10 | 0,06
Kekken, prod 50,0 || 1,00 1,00 | 0,65 18,0 No |0,10 |0,06 |1,3 2,00 1,60 0,10 | 0,06
Internal heat supply
Zone Area (n?) Persons (W/n?) App. (W/n?) App,night (W/n?)
Kﬂk'ken (areal ifolge 50 7.0 10,0 0.0
tegnigner)
Resten af huset 927 7,0 6,0 0,0
Lighting
Jone Area | General | General | Lighting | DF %’H&OI Fo (- |Work | Other s;a“d' Night
0 > g

(o) | (W) | (W) [ )| ©6) |0 )| W) | W) | ] (W)
Kekken (areal ifolge tegninger) 77,4 0,5 5,0 300 2,00 | K 0,80 [ 0,0 0,0 0,0 0,0
Grupperum bernehave/vuggestue | 283,2 | 0,5 5,0 200 2,00 | K 0,90 [0,0 0,0 0,0 0,0
toilet/puslerum 102,5 | 0,5 5,0 200 2,00 | K 0,80 | 0,0 0,0 0,0 0,0
Vindfang/grovgarderobe/tarrerum || 298,1 || 0,5 5,0 200 1,00 | K 0,80 | 0,0 0,0 0,0 0,0
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Personalerunvsamtale/arbejdsrum || 65,3 | 0,5 5,0 500 2,00 [K 0,80 |[0,0 0,0 0,0 0,0
Andet 150,5 | 0,5 5,0 200 1,00 |U 0,70 | 0,0 0,0 0,0 0,0
Other el. consumption
Outdoor lighting 0,0 W
Spe?. apparatus, during 0.0 W
service
Spec. apparatus, always || 0,0 W
Basement car parkings etc.
Zone Area || General | General | Lighting | DF (C[?n;r/IOl Fo (-) Work || Other E;and- Night
0 > > -
() | (W) | (W) [ o) |06 | (W) | (W) | (o | (W)
Mechanical cooling
Description Mekanisk keling
Share of floor area 0,27
El-demand 0,25 kWh-el’kWh-cool
Heat-demand 0,00 kWh-heat/kWh-cool
Load factor 1
Heat 'capac1ty phase shift 0 Whin?
(cooling)
Increase factor 1,50
Documentation
Heat distribution plant
Composition and temperature
Supply pipe temperature || 70,0 °C
Return pipe temperature || 40,0 °C
Type of plant 2-string Anlegstype
Pumps
Pump type Description Number Pnom Fp
Constant service all year 0 0,0 W 0,00
Constant service during .
heating scason Opvarmningspumpe 1 100,0 W 0,40
Constant service during | ) (1o 3 400 W 0.40
heating season
Heating pipes
Pipe lengths in supply and Outdoor comp Unused summer
return 1 (m) Loss (W/mK) b ) )
Rerfordeling til gulvvarme | 0,0 0,00 1,000 N N

If
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Domestic hot water

Description Varmt brugsvand
Hot-water consmr']pt'ion, 100,0 litre/year per n?* of floor area
average for the building
Domestic hot water temp. | 55,0 °C
Hot-water tank
Description Ny varmtvandsbeholder
Nurn}?er of hot-water 10
containers ’
Tank volume 800,0 liter
S:r;l)tlr);}ll }t;r;;;:amre from 70,0 °C
EL heating of DHW No
Solar heat tank with
heating coil No
gilalt loss from hot-water 1.8 WK
Temp. factor for setup 0.0
room
Charging pump
Effect 0,0 W
Controled No
Charge effect 0,0 kW
Heat loss from connector pipe to DHW tank
Length Loss b Description
6,0 m 0,2 W/K 0,00
Cirkulating pump for DHW
Description PumpCirc
Number 1,0
Effect 25,0 W
Number 0,0
Effect 0,0 W
Reduction factor 0,40 W
EL traciflg of discharge No
water pipe
Domestic hot water discharge pipes
feigif“gths insupplyand || Loss (W/mK) b
80,0 0,17 0,000

Water heaters

[
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Electric water heater

Description Elvandvarmer
Share of DHW in

0,0
separate el. water heaters
Heat loss from hot-water 0.0 WK
tank
Temp. factor for setup 1,00
room

Gas water heater
Description Gasvandvarmer
Share of DHW in
separate gas water 0,0
heaters
Heat loss from hot-water
tank 0,0 W/K
Efficiency 0,5
Pilot flame 50,0 W
Temp. factor for setup 1,00
room
District heat exchanger

Description Ny fiernvarmeveksler
Nominal effect 80,0 kW
Heat loss 1,0 W/K
DHW heating through

No
exchanger
E).(changer temperature, 60,0 °C
min
Temp. factor for setup 0,00
room
Automatics, stand-by 5,0 W

Other room heating
Direct el for room heating
Description Supplerende direkte rumopvarmning
Share of floor area 0,0
_ ———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————
Wood stoves, gas radiators etc.
Description
Share of floor area 0,0
Efficiency 0,4
Air flow requirement 0,1 n?/s
Solar heating plant
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20/02/13 Tranehavevej Barneinstitution
Description Nyt solvarmeanleg
Type Domestic hot water
Solar collector
Area 0,0 m? Start 0,8 -
igegjf:lefheat loss al Coeflicient of heat loss a2 0,0 W/m?K Anglefactor 0,9
Orientation S Slope 0,0 ° -
Horizon 10,0 °© Left 0,0 ° Right 0,0 °
Solar collector pipe
Length 0,0 m Heat loss 0,00 W/mK Circuit 0,8
Electricity
zllrlz?it i;los;(())li;]collector Automatics, stand-by 5,0 W
Solar cells
Description Nyt solcelle anleg
Solar cells
Area 25,0 m? Orientation v Slope 8,0 °
Horizon 10,0 °© Left 10,0 © Right 10,0 °
Additional
i&?};ﬁ"wer 0,140 Efficiency 0,80
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Model:

Traneh._Bel0 _tailered SBi Beregningskerne 5, 11, 7, 21
incl. cooling

Bel0 results: Tranehavevej Bgrneinstitution

Energy requirement

MWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Heating 6,30( 5,40( 4,47| 2,49| 0,75| 0,62 0,64| 0,64| 0,95| 2,48| 4,14| 5,65| 34,54
Elﬂ'ifgirnzg"'ce of 1,10] 0,78] 0,63] 0,40] 0,38] 0,41| 0,48| 0,53| 0,59 0,85 1,01| 1,16| 8,31
E));Crffss temperature I 4 00| 0,00] 0,00 0,00{ 0,00| 0,00] 0,00] 0,00 0,00{ 0,00 0,00] 0,00 0,00
Total energy requirement

MWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
BR 2010 9,04 7,36| 6,05| 3,49| 1,69| 1,65| 1,83| 1,96 2,43| 4,60 6,68| 8,54| 55,33
kWh/m2 9,3 75| 6,2| 36| 1,7 17| 19| 20| 25| 47| 68| 8,7 56,6
Low energy 2015 7,78| 6,28| 5,16( 2,99| 1,54| 1,53| 1,71 1,83| 2,23| 4,10 5,85| 7,42| 48,42
KWh/m?2 8,0 64| 53| 31| 16| 16{ 1,7| 19| 23| 42| 6,0 7,6 49,6
Buildings 2020 5,75| 4,65 3,82| 2,21| 1,13| 1,11 1,24} 1,33| 1,63| 3,01 4,31} 5,47| 35,69
kWh/m2 59( 48| 39| 23| 12| 11]| 13| 14| 1,7 31| 44| 56| 365
Heat requirement. External supply to building

MWh Jan| Feb|l Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Boiler/district heating 6,30( 5,40| 4,47| 2,49| 0,75| 0,62| 0,64| 0,64| 0,95 2,48 4,14| 5,65| 34,54
Gas radiators 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00{ 0,00} 0,00{ 0,00{ 0,00( 0,00{ 0,00| 0,00
Gas water heaters 0,00{ 0,00 0,00} 0,00 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00( 0,00 0,00| 0,00
Cooling 0,00{ 0,00( 0,00} 0,00 0,00{ 0,00{ 0,00} 0,00{ 0,00{ 0,00( 0,00 0,00| 0,00
Total 6,30( 5,40( 4,47] 2,49| 0,75| 0,62 0,64| 0,64| 0,95| 2,48| 4,14| 5,65| 34,54
KWh/m? 6,4 55| 46| 25| 08| 06} 07| 0,7 1,0f 25| 42| 58| 354
El. requirement. External supply to building. Building service

kWh Jan| Feb|| Mar| Apr| May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Central heating plant 65| 59| 65| 63| 13 0 0 O 33| 65| 63| 65| 494
Domestic hot water 7 7 7 7 7 7 7 7 7 7 7 7 88
Ventilation plant 332|| 300| 332| 371| 456| 483| 511| 501| 419| 371| 321| 332| 4727
Boiler/district heating 4 3 4 4 4 4 4 4 4 4 4 4 44
Heat pump 0 0 0 0 0 0 0 0 0 0 0 0

Solar heat 0 0 0 0 0 0 0 0 0 0 0 0
Room heating 0 0 0 0 0 0 0 0 0 0 0 0

Local el. water heaters 0 0 0 0 0 0 0 0 0 0 0 0
Cooling 0 0 0 O 104| 145| 159| 136| 26 0 0 of 571
Lighting 730] 505| 405| 269| 238| 220| 231| 252| 328| 523| 673| 778| 5153
STe(;z/""iLfeorb“"d'”g 1138| 874| 814| 714| 821| 860| 912| 900| 817| 971|1069]1187|11076
KWh/m?2 12 09| 08| 0,7( 08} 09| 09| 09| 08 1,0) 1,1} 1,2f 11,3
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El. requirement. External supply to building. Other el. consumption

kwWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Other lighting 0 0 0 0 0 0 0 0 0 0 0 0 0
Equipment 1342](1212|11342(11299(1342(1299|/1342(1342(1299(1342|1299( 134215804
Total for other 1342](1212|11342(11299(1342(1299|1342(1342(1299(1342||1299( 134215804
KWh/m?2 141 12| 14 13| 14| 1,3| 1,4 14| 13| 14| 13| 14| 16,2
El. requirement. External supply to building. Total el. requirement

kWh Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
The building 2480(2086([2156(12013(2163(2159((2255(2242(2116(2313][2368(2529(26881

Solar cell performance 40( 90| 183| 315| 443| 448| 436| 373| 228| 124| 54| 27| 2762
Wind mill performance 0 0 0 0 0 0 0 0 0 0 0 0 0

Resulting el.
requirement 1098| 784| 631| 399| 378| 411| 477| 527| 589| 847|1014|1160| 8314
El. for heating 0 0 0 0 0 0 0 0 0 0 0 0 0

El. for other purpose
than heating

Room heating, Heating requirement

1098| 784| 631| 399| 378 411| 477| 527| 589| 847|1014|1160| 8314

MWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
In rooms 5,60| 4,78| 3,79| 1,85| 0,10{ 0,00{ 0,00} 0,00{ 0,33| 1,83( 3,50| 4,96| 26,73
Heat coil 0,05( 0,05( 0,04} 0,02| 0,00{ 0,00{ 0,00} 0,00{ 0,00f 0,01 0,03} 0,04 0,24
Pipe loss 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00{ 0,00} 0,00{ 0,00{ 0,00( 0,00{ 0,00| 0,00
Total 5,65 4,82 3,83| 1,87| 0,10{ 0,00{ 0,00} 0,00{ 0,33| 1,84 3,52| 5,00 26,97
Total, KWh/m? 58( 49| 39| 19| 01 o,0f 0,0f 00| 03| 19| 3,6 51 27,6
Room heating, Fulfilment of heat requirement

MWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Boiler/district heating || 5,65| 4,82| 3,83| 1,87| 0,10{ 0,00( 0,00{ 0,00| 0,33 1,84| 3,52| 5,00 26,97
Solar heating plant 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00{ 0,00} 0,00{ 0,00{ 0,00( 0,00{ 0,00| 0,00
Heat pump 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00( 0,00{ 0,00| 0,00

El. heating of rooms 0,00} 0,00( 0,00 0,00 0,00] 0,00 0,00 0,00{ 0,00} 0,00( 0,00{ 0,00 0,00
EI-VF in ventilation

0,00} 0,00 0,00 0,00| 0,00} 0,00 0,00( 0,00{ 0,00} 0,00} 0,00{ 0,00 0,00

plant

Wood stoves etc. 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00{ 0,00} 0,00{ 0,00{ 0,00( 0,00{ 0,00| 0,00
Total 5,65 4,82 3,83| 1,87| 0,10{ 0,00{ 0,00} 0,00{ 0,33| 1,84 3,52| 5,00 26,97
Domestic hot water, Hot-water requirement

m3 Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Total consumption 83| 7,5/ 83| 80| 83| 80| 83| 83| 80| 83| 80| 83| 97,7
Domestic hot water, Supply

m3 Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Central heating plant 83| 75| 83| 80| 83| 80| 83| 83| 80| 83| 80| 83| 97,7
Local el. heaters 0,0f 0,0 o,0f 0,04 O0f 00} O0f O0f 00} 0O0f 00 00 0,0
Local gas heaters 0,0f o0y 0,0 0,0 0,0 0,0/ 00 O,0 00 0,0 0,0 0,0 0,0
Total 83| 7,5/ 83| 80| 83| 80| 83| 83| 80| 83| 80| 83| 97,7
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Domestic hot water, Heating requirement

MWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Central water container || 0,44] 0,39 0,44] 0 42[ 0.44] 0,42 0,44] 0.44] 0.42] 0,44 0,42] 0 44] 513
Local el. heater 0,00[ 0,00] 0,00{ 0,00] 0,00] 0,00] 0,00] 0,00] 0.00] 0,00] 0,00] 0,00] 0,00
Local gas heater 0.00[ 0,00] 0,00 0,00] 0.00] 0,00] 0,00] 0,00] 0.00] 0,00] 0,00] 0,00] 0,00
Heating total 0.44] 0,39] 0,44 0.42] 0.44] 0.42] 0,44 0,44] 0 42[ 0.44] 0,42] 0,44] 5,13
Loss central water 0,04] 0,04/ 0,04 0,04 0,04] 0,04] 0,04] 0,04| 0,04| 0,04] 0,04] 0,04] 052
container

Loss connection pipes |, o3l 03[ 0.03] 0,03] 0,03] 0,03 0,03] 0.03] 0,03] 0,03 0,03 0,03] 0,35
for DHW

Domestic hotwater, | 131 121 0.13{ 0.13] 0,23 0.13] 0,13 0.13] 0,23 0.13] 0,13] 0.13] 1,57
pipe loss

r';é’:tse'rgca' el. water 0,00{ 0,00{ 0,00 0,00] 0,00{ 0,00{ 0,00{ 0,00 0,00{ 0,00{ 0,00] 0,00] 0,00
r';g;tse:gca"gas water | 5 0o[ 0.00{ 0,00 0,00] 0,00] 0,00 0,00] 0,00] 0.00] 0,00] 0,00 0.00] 0,00
Total loss 0.21] 0,29] 0,21] 0,20 0.21] 0.20] 0,21] 0,21] 0.20] 0,21] 0,20[ 0,21 2,44
Total 0.64] 0,58] 0,64 0.62] 0.64] 0.62] 0,64] 0,64] 0.62[ 0.64] 0,62] 0,64] 7,57
KWh/m2 07] 06| 07] o6 07] o6 07] 07] 06 07] 06| 07] 7.7
Domestic hot water, Fulfilment of heating requirement

MWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Boiler/district heating | 0,64] 0,58 0,64 0,62| 0,64] 0,62[ 0,64] 0,64] 0,62] 0,64] 0,62] 0,64] 7,57
Solar heating plant 0.00[ 0,00] 0,00 0,00] 0.00[ 0,00] 0,00 0,00] 0.00] 0,00] 0,00] 0,00] 0,00
Heat pump 0.00[ 0,00] 0,00{ 0,00] 0.00] 0,00] 0,00] 0,00] 0.00] 0,00] 0,00] 0,00] 0,00

El. heating of central
water container

El. tracing of DHW

0,00} 0,00 0,00 0,00| 0,00} 0,00 0,00 0,00{ 0,00} 0,00} 0,00{ 0,00 0,00

0,00} 0,00 0,00 0,00| 0,00} 0,00 0,00( 0,00{ 0,00} 0,00} 0,00{ 0,00 0,00

pipes

Local el. water heaters | 0,00{ 0,00{ 0,00{ 0,00} 0,00{ 0,00{ 0,00| 0,00} 0,00{ 0,00{ 0,00{ 0,00} 0,00
Local gas heaters 0,00{ 0,00 0,00 0,00} 0,00( 0,00 0,00{ 0,00| 0,00( 0,00 0,00{ 0,00{ 0,00
Total 0,64| 0,58 0,64| 0,62| 0,64| 0,62 0,64| 0,64| 0,62| 0,64 0,62 0,64| 7,57
El. requirement in heating plant

kWh Jan| Feb|| Mar| Apr| May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Direct room heating 0 0 0 0 0 0 0 0 0 0 0 0 0
Pumps 65| 59| 65 63| 13 0 0 O 33| 65]| 63| 65| 494
Total 65| 59| 65 63| 13 0 0 O 33| 65] 63| 65| 494
KWh/m?2 0,1 o1} o1} o,1) o0,0f 0,0f 0,0} 0,0 O0f O} 021} 0,1f 05
El. requirement in hot-water discharge plant

kWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year

El. heating of central
water container

El. tracing of DHW
pipes

Charging pump 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0
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Circulating pump 7 7 7 7 7 7 7 7 7 7 7 7 88
Total 7 7 7 7 7 7 7 7 7 7 7 7 88
kwWh/mz2 0,0f 0,04 o,0f 0,0 0,0 0,0/ O0f 0O,0f 00 0,0f 0,0f 0,0f 0,0
El. requirement in ventilation plant

kWh Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Heat coils 0 0 0 0 0 0 0 0 0 0 0 0 0
Ventilators 332 300( 332| 371| 456| 483| 511| 501| 419| 371| 321| 332| 4727
Total 332|| 300| 332| 371| 456| 483| 511| 501| 419| 371| 321| 332| 4727
kwWh/mz2 0,3 03| 03| 04| 05| 05| 05| 05 04| 04y 03] 03 4,8
Boiler/district heating exchanger, Heat

MWh Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Performance 6,30 5,40| 4,47| 2,49| 0,75| 0,62 0,64| 0,64| 0,95| 2,48 4,14| 5,65]| 34,54
Consumption 6,33 5,43| 4,50 2,52| 0,75] 0,62| 0,64 0,64| 0,97| 2,51 4,17 5,68| 34,77
Utilizable heat loss 0,03 0,03 0,03} 0,03| 0,01| 0,00{ 0,00} 0,00{ 0,02{ 0,03 0,03 0,03 0,23
Efficiency 100 99 99| 99| 99| 100{ 100j 100 98 99 99| 99 99
Boiler/district heating exchanger, El. requirement

kWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Burner, kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Automatics, kwh 4 3 4 4 4 4 4 4 4 4 4 4 44
Total 4 3 4 4 4 4 4 4 4 4 4 4 44
kwWh/mz2 0,0f 0,04 o,0f 0,0 0,0 0,0/ O0f 0O,0f 0,0 0,0f 0,0f 0,0f 0,0
Heat pump, Heat

MWh Jan| Feb|| Mar|| Apr|May| Jun| Jul{ Aug| Sep| Oct| Nov| Dec| Year
ﬁg;{ionr;”a”ce' Room 1 0,00 0,00] 0,00] 0,00] 0,00] 0,00] 0,00/ 0,00] 0,00] 0,00( 0,00 0,00 0,00
Performance, DHW 0,00 0,00{ 0,00} 0,00{ 0,00( 0,00 0,00} 0,00{ 0,00| 0,00{ 0,00f 0,00| 0,00
Total 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00( 0,00{ 0,00| 0,00
ﬁgamgu“on ratio, roomy 4 091l 0,00| 0,00] 0,00] 0,00| 0,00| 0,00 0,00] 0,00 0,00 0,00{ 0,00
[C)OH”\}\r/'b“t'O” ratio, 0,00{ 0,00] 0,00] 0,00] 0,00] 0,00( 0,00] 0,00] 0,00] 0,00] 0,00| 0,00

Heat pump, EIl. requirement

kWh Jan| Feb|| Mar| Apr| May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Eéé[ﬁ?g“”eme”t’ room of of of of of of of of of of of of o
E}'/ rrggrl#rﬁ:zjlmtg stand- | o ol ol of of of of of o o o of o
El. requirement, DHW 0 0 0 0 0 0 0 0 0 0 0 0 0
E}'{ fequirement, stand- | ol ol of of of of o o of o o o o
Total 0 0 0 0 0 0 0 0 0 0
KWh/m?2 0,0{ 0,0f o,0f 0,0 0,0f 0,0 0,0f 0,0 0,0 00} 00} 00f 0,0

Solar heating plant, Heat
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MWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Eg;‘;?;g“ame' Room 1 4 0o[ 0,00] 0,00] 0,00] 0,00] 0,00] 0,00| 0,00] 0,00/ 0,00] 0,00{ 0,00] 0,00
Performance, DHW | 0,00] 0,00 0,00] 0,00 0,00] 0,00] 0,00] 0,00] 0,00 0,00] 0,00] 0,00] 0,00
Total 0,00] 0,00[ 0,00 0,00 0,00] 0,00] 0,00] 0,00] 0,00[ 0,00[ 0,00] 0,00] 0,00
ﬁ;arg;'gb“t'on ratio, roomy 4 591l 0,00| 0,00] 0,00] 0,00| 0,00| 0,00 0,00] 0,00 0,00] 0,00 0,00
g&”\}&'b“t'on ratio, 0,00{ 0,00] 0,00] 0,00] 0,00] 0,00( 0,00{ 0,00] 0,00] 0,00] 0,00| 0,00
Solar heating plant, El. requirement

kWh Jan|| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Pump of of of of of of of of of of of of o
Automatics 0 0 0 0 0 0 0 0 0 0 0 0 0
Total of of of of of of of of of of of of o
KWh/m? 0,0] o0 o0 00 00] 00] 00| 00] o0 o00f 00 00] 0,0
El. requirement for lighting. Included in the building's performance

kWh Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
ﬁf‘z”era' during service | a0l 505\ 405| 269| 238| 220 231) 252| 328| 523| 673| 778| 5153

General stand-by when
not in service

Working lights in

0 0 0 0 0 0 0 0 0 0 0 0 0

service life

Total 730| 505| 405| 269| 238| 220| 231| 252| 328| 523| 673| 778| 5153
kWh/m? 0,7( 05| 04| 03] 02| 02| 02| 03| 03| 05| 0,7/ 08] 53
El. requirement for lighting. Other lighting

kWh Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
During service 0 0 0 0 0 0 0 0 0 0 0 0 0
Night consumption 0 0 0 0 0 0 0 0 0 0 0 0 0
Basement car parkings 0 0 0 0 0 0 0 0 0 0 0 0 0
Outdoor lights 0 0 0 0 0 0 0 0 0 0 0 0 0
Total 0 0 0 0 0 0 0 0 0 0 0 0 0
kWh/m? 0,0f 0,0 o0,0f 0,0f 0,0 0,0 00 0,0f 00 00 0,0 0,0f 0,0
El. requirement for epuipment

kWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Equipment 1342(1212]|1342((1299(1342|1299(113421342(1299|1342]1299(1342( 15804
g'q'gih;rgggts“mp“on’ of of o of of of of of of o of of o

Special equipment
during service

Special equipment

always
Total 1342(1212|1342](1299(1342(1299(11342||13421299(1342(1299|/1342][15804
kwWh/m? 140 12| 14| 13| 14| 13| 14| 14| 1,3]| 14| 13| 14| 16,2
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Solar cells and wind mills

kwWh Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Total el. requirement 2480(2086(2156(2013](2163(2159(2255]2242(2116|2313|2368(2529(26881
Solar cells 40| 90| 183| 315( 443| 448| 436| 373| 228| 124| 54| 27| 2762
Wind mills 0 0 0 0 0 0 0 0 0 0 0 0 0
Total performance 40| 90| 183|| 315| 443| 448| 436| 373| 228| 124 54| 27| 2762
Balance 2440(19961973(1698[1720(1710] 1819|1869( 1888 |2189( 2313[ 250224119
Surplus 0 0 0 0 0 0 0 0 0 0 0 0 0
'&‘1{%%“:””5 e°f of of o of of of o of of o of of o
Solar cells, included 40( 90| 183| 315| 443| 448| 436| 373| 228| 124| 54| 27| 2762
kWh/m?2 0,0f o, o,2f4 0,3} 05| OS5 04 04y 0,24 0,1)f 0,1] 0,0 2,8
Wind mills, included 0 0 0 0 0 0 0 0 0 0 0 0 0
kWh/m2 0,0 o0/ o,0f 0,0f 0,0 0,0 0,0 0,0 0,0 0,0 00 0,0 0,0
Net heating requirement in rooms

MWh Jan| Feb|l Mar| Apr| May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Heat loss 9,81| 8,96| 8,97| 7,24| 5,31 3,78/ 3,37| 3,44 4,70| 6,15 7,54| 9,05| 78,31

Incident solar radiation | 0,53| 1,07| 2,12 3,30 4,30 4,40| 4,31} 3,85| 2,58 1,45| 0,65| 0,38 28,95
Internal supplement 3,59 3,09| 3,26( 3,03| 3,09| 2,98| 3,09( 3,11| 3,09| 3,38| 3,44| 3,64| 38,79
From pipes and water

0,21} 0,19 0,21} 0,20| 0,21} 0,20} 0,21| 0,21| 0,20| 0,21} 0,20f 0,21| 2,44

container

Total supplement 4,32\ 4,35 5,59| 6,54| 7,60| 7,58 7,60| 7,17| 5,88 5,03| 4,29| 4,22| 70,18
Relative supplement | 0,44] 0,48] 0,62] 0,90] 1,43] 2,01 2.26] 2,08] 1,25 0.82] 0,57] 0,47
Utilization factor 0,97] 0,96] 0.93] 0,83] 0,63] 0,48] 0,43] 0,46] 0,69] 0.86] 0.94] 0,97 0.76|
E:;i?]‘;momh with 1,00{ 1,00] 1,00] 1,00] 0,20] 0.00{ 0,00{ 0,00{ 0.52{ 1,00] 1,00{ 1,00

Heating requirement 5,60] 4,78| 3,79( 1,85| 0,10{ 0,00{ 0,00f 0,00| 0,33 1,83| 3,50 4,96| 26,73
Heating in ventilating

0,05] 0,05 0,04 0,02| 0,00} 0,00} 0,00( 0,00{ 0,00{ 0,01} 0,03| 0,04 0,24

heat surface
Net. room heating 5,65| 4,82| 3,83|| 1,87| 0,10( 0,00( 0,00| 0,00] 0,33 1,84 3,52| 5,00| 26,97
Total, kWh/m? 581 4,9 3,9 1,9 0,1 0,0 0,0f 0,0f 0,3]| 1,9/ 3,6]| 51| 27,4

Solar shield, forced vent., night vent. and cooling
Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Solar shield, red. factor | 0,83| 0,81} 0,81 0,82| 0,83 0,86| 0,85| 0,84| 0,82| 0,81 0,84 0,87
Forcing, share 0,00{ 0,00( 0,00} 0,26 0,55| 0,74 0,78| 0,74| 0,44{ 0,20{ 0,00} 0,00
Night ventilation, share || 0,00{ 0,00{ 0,00} 0,00| 0,25 0,35| 0,38 0,35| 0,20{ 0,00{ 0,00{ 0,00

Mechanical cooling,
share

0,00{ 0,00( 0,00} 0,00{ 0,17{ 0,24 0,27] 0,24| 0,13 0,00{ 0,00} 0,00

Mean ventilation. Sum of natural and mechanical ventilation
Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
m3/s 0,41| 0,41 0,41} 0,43| 0,47| 0,50{ 0,50] 0,50| 0,46 0,43| 0,41} 0,41
I/s m2 0,42] 0,42 0,42 0,44] 0,49| 0,51} 0,51 0,51| 0,47| 0,44| 0,42| 0,42
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Share of time at 26,0 °C room temperature or above

Jan| Feb|| Mar| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
Time sha<re 0,00{ 0,00( 0,00} 0,00{ 0,00{ 0,00{ 0,00} 0,00{ 0,00{ 0,00( 0,00{ 0,00| 0,00
Mechanical cooling, net

Jan| Feb|| Mar|| Apr|May| Jun| Jul| Aug| Sep| Oct| Nov| Dec| Year
MWh 0,00{ 0,00( 0,00} 0,00} 0,28| 0,39 0,42| 0,36| 0,07{ 0,00( 0,00{ 0,00| 1,52
KWh/m?2 0,0{ o0,0f o0 0,0 0,3 04| 04| 04| 0,1} 00} 00 00f 16
Total heat loss, W/m?
Heat loss 13,5
Ventil_atior_1 without 526
HRV in winter ’
Total 66,1
i\éevr\lltilri?élron with HRV 118
Total 25,3
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Appendix H - Daylight

Daylight factors are displayed as a color palette in the middle of the room at 0.75 above the floor with colors
ranging from red (2%) to dark blue (0.0%). All daylight factors are simulated with CIE overcast sky conditions at
12 p.m. on the 21°" of September.

The Common room

Figure 1 — Three alternative skylight designs (the construction in front of the facade is the pergola). Left corner: (# 1) original design with
skylight in the side. Right corner: (#2) the original skylight location but 1 of the 3 m’ skylight windows is moved down the roof. Bottom:
(#3) the skylight construction is made as one continuous band on the roof ridge and the skylights are located in the middle of each room.
The initial design was selected because it did not interfere with the exterior design. (The related daylight simulation results are displayed
on the next page).
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results

2.0

0.0

Figure 2 — Daylight factor simulation results of the scenarios of the common room illustrated in figure 1 above. (1) Left corner: The
original and final design (1: the pergola outside the fagade, 2) illustration of where the skylight is located). (2) Right corner: same skylight
glazing area divided up into 1 m2 further down the roof and 2 m2 at the original position. (3) Again the same skylight glazing area

centered in the room gives a better light distribution (the pergola has been cut in the illustration but has been included in the
simulation). (Red is where there is a daylight factor of minimum 2%).

The (1) design has a relative even daylight distribution but there is one corner which is not well lit and
therefore the scenario (2) and (3) has been made as alternatives. Personally the author prefers scenario (2)
because of its better daylight distribution and it does not interfere too much with the skylight construction.
However, the little skylight in the 2 proposal is pointed toward south west with an inclination of 12° so it would

be preferable with a fixed exterior solar shading on this to eliminate direct solar radiation from this in the
common room.
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The kitchen

Figure 3 — View from the outside of the final design of the kitchen (see figure 5). The exterior wall to the right is pergola providing
shade and the horizontal multicolored interior surface in the middle of the room is the illustration of the daylight factors.

Figure 4 — Initial design of the kitchen with only one window in one side of the room and one glass door. This design did
not provide very much daylight to the room. (Red is where there is a daylight factor of minimum 2%).

results_1
24

.0.0

5850.0m
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Figure 5 — Final design with daylight factors in the kitchen. The 2% border line is approx. 2 m in from the fagade. A skylight at the back of
the room was proposed to give a more even daylight distribution throughout the room but this was rejected on the argument that most
of the work would be located near the fagade. (Red is where there is a daylight factor of minimum 2%).

Office

Figure 6 — The office seen from the outside. The office is orientated toward the Northeast. The simulation includes a 9 m tall tree at
approx. 6 m distance from the office fagade.

k4

e 5000.0mm

results

2700.0mm

Figure 7 — The daylight factor border line of 2% is only approx. 2 m from the facade partially due to the large tree outside the window.
This would have to be considered for the furniture plan to ensure that the office desk is located near the fagade window. (Red is where
there is a daylight factor of minimum 2%).
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RadiancelES simulations

Figure 8 — Daylight factors in ommon room 1,
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Figure 9 — Daylight factors in the kitchen.
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Figure 10 — Daylight factors in the office.
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Scenario 6
Dato Transmizsion Udetemperatur
Maned | duli Buaningsdel A 1] A Tome T,
Dato = vaning ] | (wim®] | [wiK] ® [0
Tag 518 0.1 5 Ervaker T
Origntering 1 Facade 41.0 0.10 4 oty 15
Vinduets orientering Vinduer facade 0.7 0.95 o L,
Orientering | Sudest 1 Opbygning overnlus 15,7 0.14 z2 L, 21
Winkel | 5 1 [1 Ters=ndsek 44.0 01 4
Winduets data vindue ovenlys 27 12 3
Glaz areal | 0.6 1 [m] 0
g-vaerdi | osF Y [ ]
Afsk==rmning u]
Tidsafhzangig 5] Frakl. [u]
solafskzermning 13 Til kl. E.= | A NKL 25
Siolafsksermnings fakeor 0.2 [-]
Maksimalt solenergibidrag 100 ['fime] Irfiltraticon
T v n o Varmetab
Orientering 2 i [m®] [h™ [l [tk
Vinduets orientering Infiltration: 0,1per time 144.5 0.1 0,34 5
Crientering | Suduest | 0.34 u]
Winkel [ 5 v [l Bi= [T varmetsh [Wik]: 5
Windusts data
Glas areal | 5.4 1 [m] Intern Marmelast
g-vaerdi | osF Y [ Kild h Bl & P P
A ckzermning == timer [Sitk] [m¢] [%/] [''h]
Tidzafheengig 11 Frakl Perzoner: 2 stk 2 100 5.0 2.0 100 1600
solafskaermning 13 Til kl. lkke fugt med & 25 Wperson 8.0 2.0 u] 0
Solafzksermnings faktar 0.2 [-] Bern: 15 stk 8 65 W' g.0 12.0 ES Ta00
Maksimalt solenergibidrag 100 ['ime] Bordbelyzning 2.0 2z.00 1 22
Loftsbelysning 2.0 44.00 5 440
Orientering 3 i]
Vindusts crientering [ewt. reduceres, da det er en skufri dag) 0
Orientering | Mardast 1 0
Winkel [ 5 ¥ 11 0
Winduets data 1]
Glas areal [ 22 1 m E Inbern Varmelast [wh] 3862
g-vserdi [ 043 ¥ 0
Afsk==rmning Yentilation
Tidzafhesngig b solafskserd] Frakl Type b W n h c Varmeta
solafsksermning b =olafskesr]  Tilkl rcl Il W™ timer [-] b WK1
Solafzksermnings faktar [-] 0.34 0
Maksimalt solenergibidrag 100 ['ime] Ventilation day mid. Incl cooling 24 144.5 S 10 0.34 7T
24 1dd.8 H 10 0.34 385
Orientering 4 Vertilation night mid. Incl. Cocling 16 144.5 4 14 0.34 2757
Vindusts crientering 0.34 u]
Orizntering MNardast 1 B= T warmetab [WK]: 5213
Winkel h G
Windusts data
Glas areal | 1w
g-wzerdi | hIE
Afskazrmning
Tidsafheengig b solafskaera Frakl

Figure 1 — Input values for scenario 6.
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Results for scenario 6

Dggnstationaere temp: tu [°C] Selv indtastede vardier

Dagnstationzere temp. Findes vha. 3 steps

Udeluftens
degnmiddeltemperatur

vIC] | 210

1: Transmission & Ventilation

Transmiz=ion

B | CUAMWKE | 29
\entilation:

B= |E varmetab [wk]: | 5213
Imfiltr ation:

Bi= |E varmetab [wk]: | 3

2: Varmebidrag

I Interne bidrag

TP [ R
Salindfald @=zol [\Wh]
uden solafsksermning: 24238
med tidzatheengig solafsksermning: TiTT
med solafskaermning "maksimalt solenergibidrag™ 10423

3: Dggnstationaere temp.

3 Degnstationzzre warmehidrag @ [Whi

uden solafsksarmning: 1421
mied tidsathe=ngig solafzksermning: T332
med solafskssrmning "maksimalt salenergibidrag™ g45

Dg@gnstationzere temp.  ti [°C]

uden solafskzermning: 206
med tidzafheengig solafsksermning: 2249
med solafzkzermning "maksimalt solenergibidrag™ 23.3

Figure 2 — Results of scenario 6.
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Transmission

Udetemperatur

Bugningsdel A v L Tupe T
vanina (] | [whofi] | [wiK) - [
Tag 518 0.1 E Ervabr 27
Facade 410 0.10 4 ot =5
Vinduer facade 0.7 0.95 10 t,
Opbygning overnlys 5.7 0.14 2 t, 21
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0
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=
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0.54 a
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Intern Warmelast
h fntal & P P
Kild
o timer | 5] [m] [iw] ['wh]
Personer: 2 stk & 100 W &.0 2.0 100 1600
kke fugt med 3 25 \Wiperson 5.0 2.0 o] 1]
Born: 15 stk & 65 W g.0 12.0 ] 700
Bordbelysning 20 22.00 1 22
Loftsbelysning 2.0 44 .00 5 440
[0}
[eut. reduceres, da det er en skyfri dag) 1]
i}
0
0
E Intern Varmelast ['Wh]: 3362
Yentilation
] W n h < armeta
T
we [Cl [l W] timer ] b [witK]
0.34 o
Wentilation day mid. Incl cooling 24 14458 3 10 0.34 47T
Tatural wentilation 24 144.8 2 o 0.3 355
entilation night mid. Incl, Coolind 16 4.8 4.2 14 0.34 2895
0.54 1]
Ei= T warmetab [wWiK]: 5356

Appendix |
Scenario 7
Dato
Maned [ i
Dato [
Crientering 1
Winduets orientering
Orientering | Sudast 1
inkel | 5 Y [
“induets data
Glas areal 0.6 1 [mf]
g-veerdi 057 Y [
Afskzermning
Tidzafhe=ngig E Frakl.
solafskaermning 13 Til k.
Solafskssrmnings Faktor 0.2 [-]
Maksimalt solenergibidrag 100 [laim?]
Orientering 2
Winduets orientering
Orientering | Suduwest |
Wirkel [ 5 [
Winduets data
Glaz areal [ 84 1 1™
g-vzerdi | o05Fr Y 11
Afskzermning
Tidzafhe=ngig 12 Frakl.
solafskasrmning 15 Til kl.
Solafskeermnings Faktor 0.2 [-]
Maksimalt solenergibidrag 100 ['/im?]
Onentering 3
Winduets orientering
Orientering | Mardest |
Vinkel [ 5 [l
Winduets data
Glas areal [ 22 Y 9
g-vzerdi | 043 ¥ 11
Afsksermning
Tidsafhe=ngig N solafskaerm] Frall
solafzkaermning I solafsksern]  Til kL
Solafskssrmnings Faktor [-]
Maksimalt solenergibidrag 100 [laim?]
Onientering 4
Winduets orientering
Orientering | Mordest 1
Vinkel [ [l
Winduets data
Glas areal 1 [m®]
g-uzerdi h T

Figure 3 — Inputs for scenario 7.
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Results scenario 7

Dggnstationzere temp: tu [*C] Selv indtastede vaerdier

Degnstationzere temp. Findes vha. 3 steps

Udeluftens
degnmiddeltemperatur

A=l 71.0

1: Transmission & Ventilation

Tranzmizsion

Be | zuramek: | 23
Wentilation:
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Infiltration:
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med solafsksermning "maksimalt sclenergibidrag™ 231

Figure 4 — Results of scenario 7.



Appendix |
Scenario 8
Dato
Maned | Juli
Dlato [

Daniel Lgvborg — Master thesis — Architectural Engineering

Transmission
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0
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a
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a
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Wentilation daymid. Incl cooling 24 1dd & 3 0 0.54 177
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Orientering | Sudast 1
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A skazrmning
Tid=afheengig 5] Frakl
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Maksimalt salenergibidrag 100 [fim?]
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Crientering | Suduest |
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solafsksermning 13 Til kl.
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Maksimalt solenergibidrag 100 ['wmi]
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Crigntering | Mordast
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Figure 5 — Inputs for scenario 8.
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Dggnstationzere temp: tu [°C] Selv indtastede vardier

Degnstationzere temp. Findes vha. 3 steps
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Figure 6 — Results of scenario 8.
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Figure 7 — Inputs for Tailored TCD scenario.
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Dggnstationaere temp: tu [°C] Selv indtastede vardier

Dagnstationzere temp. Findes vha. 3 steps

deluftens
dearmiddeltemper atur

vl | 211

1: Transmission & Ventilation

Transmission

B,= | ZIFAIWIKD: | Z3
Wentilation:

B= |E warmetab [Wik]: | 4523
Imfiltratiom:

Bi= T varmetab [WiIK]L | 3

2: Varmebidrag

E Interne bidrag

TP [Wh | ass2

Solindfald @sal ['Wh]

uden solafzkaarmning:

24238

med tidsafhaengiq solafskzermning:

T

med salafzkzermning "maksimalt salenergibidrag™

10423

3: Dggnstationare temp.

3: Degnistationzere warmebidrag 2 ['wh]

uden solafsksermning:

1421

med tidsafhzenaig solafzksermning:

T35

med solafzsksermning "maksimalt solenergibidrag™

dd5

Dggnstationare temp. ti[°C]

uden solafsksermning:

27.1

med tidsafhzenaig solafzksermning:

24.0

med solafzsksermning "maksimalt solenergibidrag™

2.5

Figure 8 — Results of Tailored TCD scenario.



Appendix J — Growth charts [Sundhedsguiden]

Growth charts for children 1-12 years.

Boys Girls

—————

123456789 101112 Year 123456789 101112 Year

&
&

s bt 5
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25 25
30 30
s 35
40 | 40
45 | 45
50 | 50
55 | 55
123456789 101112 Year 1234567809 101112 Year

Figure 1 - The children in the youngest part of the daycare institution is assumed to be an average of 5 years old. This gives an average
between boys and girls together a height of approx. 105 cm and approx. 17 kg.
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Appendix K - Bsim results

Thermal indoor climate simulated in Bsim during summer June — August.
Scenario 1: External sunscreen; ventilation (VAV): 6h™ always + 2h™ natural vent.; NO mechanical cooling.
Overheating hours: > 26°C: 76 hours; > 27°C: 48 hours — Does not comply with the thermal requirements of BR10.
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Figure 1 — Scenario 1 —June.
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Scenario 1: External sunscreen; ventilation (VAV): 6h™ always + 2 h™* natural vent.; NO mechanical cooling.

Figure 2 — Scenario 1 — July.
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Figure 3 —Scenario 1 — August.

Figure 1, 2 and 3 shows that at peak situations with a high solar radiation and high exterior temperatures, the VAV
6h™ mechanical vent. + 2h™natural ventilation and no cooling cannot keep the temperatures low enough during the
summer months. (The air change graphs in all figures are a combination of mechanical and natural ventilation where
the latter represent 2h™ see more on this in figure 10).
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Scenario 2: External sunscreen; ventilation (VAV): 3h™* summer nights + 3h™ open hours all year + 1h™ always + 2h™
natural vent.; cooling load: -0,5 kW (11.3 W/m?).
Overheating hours: > 26°C: 71 hours; > 27°C: 25 hours - Just complies with the thermal requirements of BR10.
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Figure 4 — Scenario 2 - June (the 8" and the 9" are weekend, hence the low air change (1h™)).
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Figure 5 — Scenario 2 — July.

Scenario 2: External sunscreen; ventilation (VAV): 3h™ summer nights + 3h™ open hours all year + 1h™ always + 2h™
natural vent.; cooling load: -0,5 kW (11.3 W/m?).

August 2002 at time Hverdage aben
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Figure 6 — Scenario 2 — August.

Figure 4, 5 and 6 shows internal temperatures in the low and mid 20’ties for the most part and som peak values
above this. Avoiding any temperatures above the mid 20’ties completely requires a high ventilation rate and even
more cooling with high exterior temperatures. In scenario 2 alternative in figure 13 it is illustrated how much cooling
is required to avoid temperatures above 26 °C in week 28 (2™ week in July). But in this scenario 2, rather than
dimensioning the air handling unit for a few peak situations, when this ventilation strategy already complies with
BR10, the few overheating hours are accepted here, because the building is a daycare institution where occupants
can freily go in and out as they please unlike for instance an office.
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Scenario 3: Internal sunblind; ventilation (VAV): ): 3h™ summer nights + 3h™ open hours all year + 1h™ always + 2h™
natural ventilation; cooling load: -1 kW (22.6 W/m?).
Overheating hours: > 26°C: 81 hours; > 23 °C: 36 hours — Scenario does not comply with BR10.
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Figure 8 — Scenario 3 — July.

Scenario 3: Internal sunblind; ventilation (VAV): ): 3h™ summer nights + 3h™ open hours all year + 1h™* always + 2h™
natural vent.; cooling load: -1 kW (22.6 W/m?).

August 2002 at time Hverdage aben
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Figure 9 — Scenario 3 — August.

Figure 7, 8 and 9 llustrate scenario 3 with internal sunblinds with a shading factor of 0.8 which causes a much higher
external heat load from solar radiation than the scenarios with external sunscreens. To compensate for that it is
necessary to double the accesible cooling load compared to scenario 2, when maintaining the same ventilation rates
in order to comply with BR10 thermal indoor climate requiements.
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Week 28 2002 at time Hverdage aben
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\ |
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Day in Week

Figure 10 — ventilation example.

Figure 10 shows the mechanical ventilation (Ventilln (blue)) and the natural ventilation (VentIn (purple)) shown
seperately .

Conversion example from day 1 peak loads: Ventilln: 1.1 m3/s = 396 m?*/h = 2.96 h™", VentIn: 0.08 m*/s > 288 m*/h
- 2.07 h'™. Combined: 5.1 h™, which complies well with the dipicted air change graph in figure 14.
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Appendix L — Screen prints of the Revit model converted to gbXML format for export to IES<VE>.

Figure 1 — Left: original Revit model seen in axonometric view. Right gbXML conversion of that exact same model with holes in
fagade, no roof, partially missing floor, no skylights etc. which is all highlighted in the IES Report below. (The red ellipses encircle
the ventilation room which are not present in later models).

Room Area (m?) Ratio Area ratios Missing
Volu:n © External Internal Total Volume Ceiling holes / Floor holes | Floor | Total Wall / External Wall / Window | Surfaces
Name I (™) |Floor | Cetling | =y Walls Glaring m"::fa Cailing Floor Cailing Floor Floor Wall ?,::i?
sp-001-grupperum 00193620 108.1| 43.7 387 68.0 79.0 22| 2427 1.000 0.000 1131 1.806 1.6565 0.035 0.000
sp-002-grupperum 00193617 106.1| 43.7 387 67.1 79.0 14| 2427 1.000 0.000 1131 1.807 1.536 0.022 0.000
5p-003-grupperum 00193614 106.1| 437 389 671 792 14 2428 1.000 0.000 1.124 1811 1.536 0.022 0.000
sp-004-grupperum 00193566 | 106.1| 437 |7 67.2 790 14| 2427 1.000 0.000 1431 1.808 1537 0.022 0.000
sp-005-grupperum 00193563 | 106.1| 43.7 387 671 79.0 14| 2427 1.000 0.000 1131 1.807 1.536 0.022 0.000| [
sp-006-grupperum 00193560 108.1| 43.7 387 68.0 79.0 21| 2427 1.000 0.000 1131 1.807 1.6565 0.033 0.000
sp-007-toilet 00197397 288 121 11.8 3377 339 08] 22372 0.463 1.000 1.032 2795 3.103 0.024 0.000
5p-008-toilet 00185110 287|121 5.8 355 337 08] 2364 0917 0.000 2.095 2777 2924 0.024 0.000
5p-009-toilet 00195113 288 121 114 36.3 342 08] 2370 0.488 0.000 1.069 2817 2989 0.024 0.000
sp-010-toilet 00197393 288 122 11.8 36.7 351 0.8) 2368 0.468 0.000 1.030 2.881 3.013 0.023 0.000
sp-011-toilet 00197395 287 121 11.8 36.2 338 08) 23262 0.467 0.000 1.030 2.789 2.984 0.024 0.000
sp-012-toilet 00193036 287 121 11.8 36.3 338 08) 2368 0.467 0.000 1.030 2789 2992 0.024 0.001
5p-13-gang 00357547 238| 98 9.1 437 4238 14| 2433 1.000 0.000 1.074 4.386 4476 0.033 0.000
sp-013-garderobe 00197371 456] 18.9| 137 475 433 182 2413 0.000 0.000 1.378 2.290 2510 0.103 0.000
sp-014-garderobe 00197373 4591 19.0 13.8 46.4 437 28| 2413 1.000 0.000 1.375 2.298 2.442 0.064 0.000
sp-15-arbejdsniche 00432516 1756| 73 3.4 28.0 257 29| 2390 0.999 0.000 213 3.613 3.8 0113 0.000
sp-015-garderobe 00197375 46.0] 191 142 467 441 42| 2414 1.000 0.000 1.344 2.313 2451 0.097 0.000
sp-017-garderobe 00197382 459 190 138 46.6 437 166 2413 0.000 0.000 1.375 2.208 2454 0.064 0.000
sp-018-garderobe 00197380 456] 18.9| 137 475 433 165 2413 0.000 0.000 1.378 2.290 251 0.084 0.000
5p-019-depot 00193626 144| 59 5.9 255 287 0.0) 2438 1.000 0.000 1.000 4.852 4.308 0.000 0.000
sp-020-depot 00193629 70| 29 29 18.0 16.8 0.0) 2432 1.000 0.000 1.000 5.856 6.276 0.000 0.000
5p-021-depot 00193638 583 246| 2456 51.0 431 00] 2365 1.000 0.000 1.000 1.992 2.068 0.000 0.000
5p-022-garderobe 00189251 86.7| 358| 296 749 7286 34| 2422 1.000 0.000 1.208 2.031 2.005 0.047 0.000) |
sp-023-depot 00193859 66| 29 289 17.0 158 00 2300 0.000 0.000 1.000 5.529 5.930 0.000 0.000] |~
sp-024-depot 00192227 144| 59 5.9 25.5 287 0.0) 2432 1.000 0.000 1.000 4.852 4.308 0.000 0.000
sp-25-gang 00215982 65.1)| 234 9.2 1127 94.4 3.0) 2789 0.006 0.000 2.529 4.043 4.825 0.033 0.000
5p-025-trrerum 00193623 148| 641 6.1 25.6 206 00) 2438 1.000 0.000 1.000 4.866 4216 0.000 0.000
sp-26-senviceskur 00216994 268| 82 8.2 405 85 00] 3280 1.000 1.000 1.000 4713 4.961 0.000 0.000
sp-026-trrerum 00192218 148| 641 6.1 25.6 296 0.0) 2438 1.000 0.000 1.000 4.666 4216 0.000 0.000
sp-027-pers_wc 00193632 71] 29 29 181 17.0 0.0) 2432 1.000 0.000 1.000 5.810 6.180 0.000 0.000
sp-27-Renovationsgrd [ 00217036 33.8) 138 13.8 471 46.0 00) 2438 1.000 1.000 1.000 3.322 3.406 0.000 0.000
sp-28-Bamevognsskur (00217040 1026| 337 337 105.9 97.0 00] 3041 0.000 1.000 1.000 2875 3.140 0.000 0.000
sp-028-pers_wc 00193856 71] 29 29 181 17.0 00 2438 1.000 0.000 1.000 5810 6.185 0.000 0.000
sp-029-pers_wc 00193650 149| 65 6.5 26.2 237 0.0) 2300 1.000 0.000 1.000 3.661 4.051 0.000 0.000
sp-30-liggehal 00217046 1402 | 46.8| 468 1174 1071 06 2997 0.000 1.000 1.000 2.201 2.500 0.006 0.000
5p-31-Teknik 00233443 51.0| 235 189 65.6 468 00) 2170 0.000 0.965 1.244 1.991 2793 0.000 0.000
vsg;nkz:l-_reﬂgrmg 00193635 281|115 115 351 340 00| 2438 1.000 0.000 1.000 2047 3.042 0.000 0.000
sp-032-kontar 00193641 35.5| 147 107 411 378 45| 2414 1.000 0.000 1.367 2.574 2796 0.120 0.000
Isepg—grze-dskabsskur 00271078 586 241 241 534 519 00| 2438 1.000 1.000 1.000 2160 2220 0.000 0.000
sp-024-personale_rum [ 00193647 549 228 15.1 50.5 462 47| 2408 1.000 0.000 1.516 2.027 2212 0.103 0.000
5p-34-samtalerum 00276160 184| 67 0.0 359 286 00 2767 = 0.000 = 4.304 5.398 0.000 0000 —
sp-035- 00193653 295 121 121 398 386 00| 2438 1.000 0.000 1.000 3195 3.206 0.000 0.000
garderobe__kopi
sp-35-grovgarderobe 00354569 119.0| 458| 488 1001 976 143| 2438 1.000 0.000 1.000 1.998 2.051 0147 0.000
5p-036-kkken 00193569 | 1447|512| 480 1112 825 129| 2828 0.000 0.000 1.066 1614 2174 0157 0.000
37-wrkstedsrum 00197366 | ) 1.318 1.378

Figure2 — EIS Report or the original model made in the conversion process from Revit file to gbXML file. The report highlights
where there are holes, unconnected surfaces, unbounded rooms and many other errors.
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Figure 3 — Left: simplified Revit model with no ventilation room on first floor. Right: the corresponding gbXML file with more
accurate room definitions but still loads of unresolved issues with the fagade, skylights etc.

Room Area () Ratio Area ratios Missing
Volu:ne . External Internal Total Volume Ceiling holes | Floor holes | Floor / Total Wall / External Wall / ‘Window | Surfaces
Name | ™) Foor | Celing | "y wals | Gamg |“myo|  celing Floor Ceiling Floor Floor wall s
sp-001-grupperum 007193620 | 1386 431 40.0 1183 943 162 3218 0.000 0.000 1.076 2.190 2747 0.145 0.001
sp-002-grupperum 00193617 138.5| 431 39.4 117.0 94.1 11.2] 3216 0.000 0.000 1.092 2.187 2717 0.089 0.001
sp-003-grupperum 00193614 139.2) 431 39.4 1218 98.8 116 3234 0.000 0.000 1.091 2.294 2.828 0.092 0.000
sp-004-grupperum 00193566 | 138.1| 428 389 1177 122 11.0 3228 0.000 0.000 1.098 2622 2751 0.087 0.000
sp-005-grupperum 00193563 | 138.0| 428 39.0 1173 1121 1156 3227 0.000 0.000 1.098 2621 2743 0.092 0.000
sp-006-grupperum 00193560 138.0( 428 39.0 119.2 1121 11.3( 3227 0.000 0.000 1.096 2.622 2787 0.093 0.000
5p-007-toilet 00197397 405( 119 M5 64.1 47.9 18] 3404 0.000 0.000 1.032 4.029 5.393 0.017 0.000
5p-008-toilet 00195110 405) 119 115 626 479 18 3.404 0.000 0.000 1.032 4.029 5.266 0.017 0.000
5p-009-toilet 00195113 405( 11.9 115 62.6 479 18] 3.404 0.000 0.000 1.032 4.029 5.266 0.017 0.000
3p-010-toilet 00197393 414(122) 118 63.0 48.4 18] 3404 0.000 0.000 1.032 3.975 5175 0.017 0.000
sp-011-oilet 00197395 405( 119 M5 62.6 47.9 18] 3404 0.000 0.000 1.032 4.029 5.266 0.017 0.000
sp-012-toilet 00193036 405) 119 115 641 479 18 3.404 0.000 0.000 1.032 4.029 5393 0.017 0.000
sp-013-garderobe 00197371 49.0( 18.9 18.9 67.4 474 44| 2593 0.000 0.000 1.000 2.508 3.564 0.094 0.000
sp-014-garderobe 00197373 49.3[ 19.0 19.0 65.8 47.8 28| 2594 0.000 0.000 1.000 2517 3.460 0.058 0.000
sp-15-arbejdsniche 00432516 178| 73 73 378 263 29| 2428 0.000 0.000 1.000 3.602 5170 0.110 0.000
sp-015-garderobe 00197375 497 19.0 19.0 68.2 49.9 34| 261 0.000 0.000 1.000 2619 3.581 0.071 0.000
sp-16-Gangs 00643580 21.0( 62 5.9 50.9 39.1 0.6 3393 0.000 0.000 1.044 6.315 8.224 0.016 0.000
sp-17-Gangd 00643583 21.0( 82 5.9 50.9 3941 0.6 3393 0.000 0.000 1.044 6.315 8.224 0.015 0.000
sp-017-garderobe 00197382 49.3) 190 19.0 66.2 478 28| 2594 0.000 0.000 1.000 2517 3482 0.058 0.000
sp-18-Gang3 00643586 21.0( 62 5.9 50.9 39.1 0.6] 3393 0.000 0.000 1.044 6.315 8.227 0.016 0.000
sp-018-garderobe 00197380 49.0( 18.9 18.9 67.3 47.4 28| 2593 0.000 0.000 1.000 2508 3.562 0.058 0.000
sp-19-Room 00643589 185| 74 74 421 285 6.8| 2508 0.000 0.000 1.000 3.869 5702 0.238 0.000
sp-020-depot 00193629 203)| 59 58 513 39.2 0.0 3427 0.000 0.000 1.030 6.600 8.648 0.000 0.001
5p-20-Gang2 00643592 21.0( 62 5.9 50.9 39.1 0.6] 3393 0.000 0.000 1.044 6.314 §.224 0.016 0.000
sp-021-depot 00193638 91.5] 255| 251 931 734 0.0] 3581 0.000 0.000 1.016 2.874 3.646 0.000 0.038
sp-21-Gangl 00643595 21.0( 82 5.9 50.9 3941 068] 3393 0.000 0.000 1.044 6.314 8.224 0.016 0.000
sp-022-garderobe 00189251 103.2| 357 336 1225 916 34| 2887 0.000 0.000 1.064 2563 3428 0.038 0.000
sp-023-depot 00193659 202( 58 5.8 505 383 0.0] 3.404 0.000 0.000 1.032 6.456 8.510 0.000 0.000
sp-25-gang 00216982 705[ 225 215 116.4 90.4 39| 3134 0.000 0.000 1.045 4.019 5175 0.033 0.000
s5p-025-trrerum 00193623 4238|1286 122 63.7 49.0 0.0 3.403 0.000 0.000 1.033 3.901 5072 0.000 0.000
5p-026-trrerum 00192216 4238|126 122 637 49.0 0.0 3.403 0.000 0.000 1.033 3.901 5072 0.000 0.000
sp-029-pers_wc 00193650 222 65 6.3 46.4 354 0.0] 3438 0.000 0.000 1.032 5473 7171 0.000 0.000
S:;g::‘;mngrmg 00193635 413 115 114 642 50.0 0.0 3581 0.000 0.000 1.016 4328 5.561 0.000 0.000
sp-032-kontor 00193641 381 147 147 58.2 41.1 45| 2594 0.000 0.000 1.000 2795 3.960 0.111 0.000
sp-034- 00193647 576|228 228 705 496 47| 2524 0.000 0.000 1.000 2174 3.089 0.096 0.000
personale_rum
sp-34-samtalerum 00276160 184 67 6.4 389 28.6 0.0 2767 0.000 0.000 1.042 4.304 5.850 0.000 0.000
z;gz?n—be_kopl 00193653 356|121 mn7 624 466 11| 2944 0.000 0.000 1.034 3858 5167 0.000 0.000
sp-35-grovgarderobe (00354669 | 158.0) 48.8| 483 166.3 127.5 206 3.236 0.000 0.000 1.010 2.611 3.408 0.115 0.000
sp-036-kkken 00193569 1447 51.2] 512 111.8 825 106 2828 0.000 0.000 1.000 1.614 2,186 0.129 0.000
Sp-37- 00703592 729| 200 196 856 68.1 134 3639 0.000 0.000 1.020 3398 4271 0.108 0.000
Pdagogisk_kkken
5p-037-wrkstedsrum 00197366 1753 57.2| §7.2 130.2 98.9 19.5| 2.086 0.000 0.000 1.000 1.731 2276 0.139 0.000
5p-38-Room 00728832 298( 98 9.3 724 55.9 14 3119 0.000 0.000 1.024 5.847 7.571 0.026 0.000
5p-039-bailerrum 00193575 222| 60 57 480 372 0.0 3736 0.000 0.000 1.035 6.248 8.062 0.000 0.000
n-04%-1de wr. 00197391 129l 54 54 50 22 2 2 376 0000 0000 1000 416 6 4Rf 0102 0000

Figure 4 — The associated IES Report depicting clear progress with the gbXML file with much less highlights, but still loads of
unresolved problems that will have to be addressed before the model can be exported correct to IES<VE>.
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Figure 5 — lllustration of inconsistencies with the skylights causing unclosed holes as can be seen in figure 6
beneath and results in highlighted boxes in the IES Report.

Figure 6 — Skylights construction with all sort of holes in, because they are not connected to the rest of the roof, the
sides are designed randomly and inconsistent and a seemingly new window appears on the back of the skylight
construction shown on the left by the left arrow.
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Figure 7 — Another example of inconsistencies with the profile of the roof on each end of the building model causing holes and
highlighted boxes in the IES Report.
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Figure 8 — Left: Example of how the plug-in converts the model into a gbXML file if the default settings are not changed
from “Areas” to “Volumes and Areas” in room definition so the converted file displays the rooms without roof bounding
elements. Right: same model as on the left but with “Volumes and Areas” activated in room definition. This version of
the model was a test of one way of including the skylights without having a separate skylight construction — this version
was discarded.

Figure 9 — The final simplified design of the building after a few modifications in IES<VE> . It is very similar to the original
design and yet much more simple, which is especially visible on the green shading surfaces such as the pergolas in front of
some of the rooms. The pergolas are drawn with the same dimensions as the original ones, but with much fewer surfaces
making the file easier to handle and convert (see more details in figures 11 and 12).
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[E] IS Report a . o —— - _—
File Edit
[= R Y= -1 R
e Allinternal areas are calculated from the inner volume of a room (using wall thicknesses) where that exists. it
#+ AMissing Surfaces Area value greater than zero may indicate that the surfaces of a room do not join cleanly, or overlap, or are missing. Using the model viewer will help identify these gaps
e ACeiling holes / Ceiling or Floor holes / Floor ratio greater than zero indicates any room ceiling or floor surfaces that contain an air gap. This can occur in Revit 2010 when a room does not
have a Ceiling, Roof or Floor element bounding it. In this case the value is 1 and the cell is highlighted so that rooms may be inspected before continuing to analysis.
Room Area (m?) Ratio Area ratios Missing
Voluine External Internal Total Volume Ceiling holes / Floor holes | Floor i Total Wall / External Wall / Window / Surfaces
Name 1o )| Fioor Ceiling Walls Walls Glazing IO(J:,.")EE Ceiling Floor Ceiling Floor Floor Wall .?rr"e:;
sp-001-grupperum 00193620) 1394 421 40.1 1203 95.1 162 3238 0.001 0.000 1.073 2.208 2.794 0141 0.000
5p-002-grupperum 00193617 139.2( 431 39.8 1186 9438 153] 3233 0.004 0.000 1.081 2.201 2755 0.132 0.001
5p-003-grupperum 00193614 1400( 4341 39.8 1240 99.4 153 3251 0.004 0.000 1.081 2.309 2.880 0.129 0.000
sp-004-grupperum 00193566 142.9| 428 389 1214 1185 15.0) 3.342 0.001 0.000 1101 2723 2.839 0.124 0.000
sp-005-grupperum 00193562 1420/( 428 38.9 1214 116.4 15.0] 3.2340 0.001 0.000 1.100 2722 2.838 0.124 0.000
sp-006-grupperum 00193560) 1429( 428 39.3 1224 1158 15.0] 3.340 0.000 0.000 1.088 2.706 2.860 0.124 0.000
5p-007-toilet 00197397 366] 119 111 833 533 18| 3074 0.000 0.000 1.072 4478 7.002 0.014 0.000
sp-008-toilet 00195110 405 119 115 628 479 18| 3404 0.000 0.000 1.032 4.029 5.268 0.017 0.000
5p-009-toilet 00195113 405] 118 115 62.6 479 18] 3404 0.000 0.000 1.032 4.029 5.266 0.017 0.000
sp-010-toilet 00197202 414] 122 11.7 63.0 483 18] 2404 0.000 0.000 1.043 3.973 5.175 0.017 0.000
5p-011-toilet 00197395 405] 119 113 62.6 479 18] 3403 0.000 0.000 1.051 4.026 5.266 0.017 0.000
5p-012-toilet 00193036 418] 123 114 64.9 484 18] 3403 0.000 0.000 1.077 3.945 5.288 0.017 0.000
sp-013-garderobe 00197371 66.1] 251 24.8 1056 779 51| 2634 0.000 0.000 1.013 3.106 4.209 0.066 0.000
sp-014-garderobe 00197372 703] 252 25.2 1046 785 34| 2790 0.000 0.000 1.000 3116 4.154 0.044 0.000
sp-15-arbejdsniche 00432516 178 73 73 378 263 29| 2428 0.000 0.000 1.000 3.602 5.170 0.110 0.000
sp-015-garderobe 00197375 707|252 252 1071 806 41| 2803 0.000 0.000 1.000 3192 4242 0.052 0.000
sp-017-garderobe 00197382 703) 252 252 104.8 785 34| 2790 0.000 0.000 1.001 3116 4154 0.044 0.000
sp-012-garderobe 00197280 68.7] 247 24.7 1058 78.0 34| 2780 0.000 0.000 1.001 3.167 4.281 0.044 0.000
5p-19-Room 00643589 185 74 74 421 285 6.6) 2506 0.000 0.000 1.000 3.869 5702 0.238 0.000
5p-020-depot 00193629 203] 59 58 513 392 0.0) 3427 0.000 0.000 1.030 5.600 8.648 0.000 0001| |-
sp-021-depot 00193638 915) 255| 251 931 734 00 32581 0.000 0.000 1.016 2.874 3.648 0.000 0.038]
sp-022-garderobe 00189281 103.2] 357 35.7 1234 916 34| 2887 0.000 0.000 1.000 2.663 3.453 0.038 0.000
sp-023-depot 00193659 202| 59 5.6 50.5 383 0.0] 2402 0.000 0.000 1.051 5.452 8.510 0.000 0.000
sp-25-gang 00216982 705| 225 215 1164 904 39| 3134 0.000 0.000 1.045 4.019 5175 0.033 0.000
5p-025-trrerum 00193623 428] 128 122 64.0 49.0 0.0 3403 0.000 0.000 1.033 3.901 5.093 0.000 0.000
sp-026-trrerum 00192216 428] 1286 12.2 63.7 49.0 0.0)] 3403 0.000 0.000 1.033 3.901 5.072 0.000 0.000
sp-029-pers_wc 00193650 222| 65 6.2 46.4 354 0.0] 2438 0.000 0.000 1.032 5.473 717 0.000 0.000
Sp-031- 00193635 413 115 114 642 50.0 00| 3581 0.000 0.000 1.016 4328 5561 0.000 0.000
vaskeri_rengring
sp-032-kontor 00193641 38.1] 147 147 58.2 411 45| 2504 0.000 0.000 1.000 2.795 3.960 01 0.000
5p-034- 00193647 576| 228 228 705 49 6 47| 2524 0.000 0.000 1.000 2174 3.089 0.096 0.000
personale_rum
sp-24-samtalerum 00276160 184 67 6.4 389 286 0.0) 2767 0.000 0.000 1.042 4.204 5.850 0.000 0.000
Sp-035- 00193652 356] 121 117 62.4 46.6 11| 2944 0.000 0.000 1.034 3858 5167 0.000 0.000
garderobe__kopi
sp-35-grovgarderobe | 00354669( 158.0) 488 48.3 166.3 1275 204] 3236 0.000 0.000 1.010 2611 3.408 0.114 0.000
sp-036-kkken 00193569 1447 512 51.2 1118 825 129| 2828 0.000 0.000 1.000 1614 2186 0.157 0.000
Sp-37- 00703592 729] 200 196 8586 68.1 134 3639 0.000 0.000 1.020 3398 427 0.108 0.000
Pdagogisk_kkken
5p-037-wrkstedsrum 00197366) 1753 57.2 57.2 1297 989 195| 3.066 0.000 0.000 1.000 1731 2.269 0.140 0.000
5p-38-Room 00728832 208| 96 9.6 741 55.9 33] 3119 0.000 0.000 1.000 5.847 7747 0.061 0.000
5p-038-boilerrum 00193575 222| 60 5.7 48.0 372 0.0)] 3736 0.000 0.000 1.035 6.248 8.062 0.000 0.000
sp-042-ude_wc 0019731 129] 54 5.4 35.0 226 23] 2378 0.000 0.000 1.000 4.168 6.465 0.102 0.000

Figure 10 — The corresponding IES Report with only highlights in the “Floor/Ceiling” area ratio indication, which is of no
importance because the slanted ceiling is naturally larger than the flat floor. Besides this there is only one highlight at “Missing
Surface Area” at a storage room where the analysis will not be focused.
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Figure 11 — Top: the original Revit model provided by Rubow Architects. Bottom: The finished simplified model used for further
analysis in Solibri and IES<VE>. The small pergola on the back side of the building in front of the main entrance is not drawn in
the simplified version, because it has not effect when the main entrance does not contain glass.
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I A

e

Figure 12 — Left: The original design of the pergola consisting of individual wood columns with small spaces in
between. Right: The simplified design of the pergolas as three surfaces. The design to the right is the only one that is
convertible to gbXML format, the other one has too many surfaces and prolong the conversion and calculation
considerably for no reason.
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Figure 13 — Screen print of the simple redrawn model in Revit interface. Only 1/3 of the building is modeled as test

on top of the imported AutoCAD drawing.

Press&Drag 0.

% |
20-02-2013 ||

Room Area (m?) Ratio Area ratios Missing
vaume External | Internal | Total |yemenc | cCeiling holes | Floorholes!| Floor! | TotalWall/| External Wall1] Window/
) - ternal nternal of to Area | Ceiling holes rholes r otal Wal ernal Wal indow Area
Name o Floor | Ceiling | "y Walls | Glazing | (m) Ceiling Floor Ceiling Floor Floor Wall )
sp-001- 00193620 | 181.1| 43.1| 268 1314 109.1 160| 3742 0.000 0.000 1176 2533 3.051 0115|0000
grupperum
;ﬁ:ggﬁ;um 00193617 161.1| 43.1| 388 1295 109.1 151| 3742 0.000 0.000 1476 2533 3.000 0.108|  0.000
$p-003- 00193614 | 1583| 423| 360 1303 1081 152| 3742 0.000 0.000 1476 2555 3.080 0100| 0000
grupperum
Sp-007-lollel 00197307 504 118] 116 725 500 18] 4278 0.000 0.000 1.017 5.089 5.150 0.014] 0000
Sp-003-toilel_|00195110| 504 118] 116 708 599 18| 4278 0.000 0.000 1.017 5089 5015 0014] 0000
Sp-009-toilel 00195113 504 118] 116 708 599 18| 4278 0.000 0.000 1.017 5089 5015 0014] 0000
:;g;fgbe 00197371| 855| 247| 247 1168 973 50| 3483 0.000 0.000 1.000 3940 4733 0052| 0000
Zzggibe 00197373 858| 248| 248 1155 9738 33| 3483 0.000 0.000 1000 3946 4662 0035 0000
;;g;zbe 00197375 | 845| 244| 244 116.1 966 33| 3467 0.000 0.000 1.000 3.964 4762 0035 0000
sp-020-depotl | 00193628 | 230| 54| 53 578 469 00| 4278 0.000 0.000 1.017 8720 10740 0000] 0000
Sp-025-imerum | 00193623 | 52.4| 123|120 719 509 00| 4278 0.000 0.000 1.017 4971 5872 0.000] 0000
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Figure 14 — The same redrawn model as in figure 13 of only the southwestern 1/3 of the building with three common
rooms and related facilities. The corresponding IES Report shows only highlights in the “Floor/Ceiling” ratio section
so it is good.

Figure 15 — Simple DTU Building 118 model created in Revit according the IES guidelines and steps described in
section 6.1.2 in the report. Just like the simplified mode in figure 13 and 14, there are no transfer problems when
it is a strict geometry without any odd surfaces or connections.
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Appendix M — Inputs and Results from I[ES<VE>
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Shading devices
All facade windows have exterior shading devices. (Skylights have no shading device, but a lower g-value).

External Shading Device @
Device ) None () Shutter @ Louvre
Percentage profile group off continuousty b
Incident radiation to lower device 100000 W/m? Typically between 0.00 and 600.00
Incidert radiation to raise device  50.000  W/m2 Typically between 0.00 and 600.00
I Nighttime resistance 0.000 m33FAN Typicaly between 0.00 and 2 .50
‘| Daytime resistance 0.000 maEW Typically between 0.00 and 2.50
|| Ground diffuse transmission factor 0-2 Calculate  Typically between 0and 1 I
N
Sky diffuse transmission factor 02 Calculate  Typically between 0and 1
Transmission Factors at 15 degree increments {values in range 0.00 - 1.00)
o |15 |30 | 45 [e0 | 75 | 30
0.zo 0.20 0.20 0.20 0.20 0.20 0.20
| OK ] [ Cancel
L

Figure 1 — External shading on the facade windows.

Glass doors hav internal shading devices:
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-

- h
External Shading Device ﬁ
—

Jp— c—
Device () None () Shutter @) Louvre
Percentage profile group off cortinuoushy hd
Incident radiation to lower device  100.000 W./m2 Typically between 0.00 and 600.00
Incidert radiation to raise device  50.000 W/ m? Typically between 0.00 and 600.00
Nighttime resistance 0.000 mAW Typically between 0.00 and 2.50
Daytime resistance 0.000 AN Typically between 0.00 and 2.50
Ground diffuse transmission factor 0-8 Calculate  Typically between 0 and 1
Sky diffuse transmission factor 08 Calculate Typically between 0 and 1
Transmission Factors at 15 degree increments (values in range 0.00 - 1.00)
o |15 | 30 | 45 | 6o | 75 El
0.80 0.80 0.80 0.80 0.80 0.80 0.80

[ ok || cancel

Figure 2 — Internal shading on glass doors.
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) . Units Type: [¥] Grid
Profile Mame: Cccupants CR summer day_Tranehavevej Metric sk . —
P :
ID: DAY_0047 (@ Modulating () Absolute @) No units é 050
Time | Walue I -~ Formula ] 0207
1| 0000 0.00 S o
o700 o T
2| or0 010 E 060
5| 0200 0.25 [ craphical | |
E | 09:00 025 - 0.40
— 5
7| 0300 050 0.30 7
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T3] 1100 1.00 =
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—{ .= Help
11] 1200 0.50 [ ] 000 “F PP T T
12| 17:00 050 00 02 04 06 05 10 13 13 16 il EE E4
73] 17.00 0.25) - Time of Day
Figure 3 - Occupant load common rooms summer (mon.-fri. from May to Aug.)
. ) . Units Type: || Grid
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Figure 4 - Occupant load common rooms winter (mon. —fri.) from Sep. to Apr.).
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Figure 5 - Occupant load office week days all year.
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Figure 6 - Occupant load kitchen weekdays all year.
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Figure 7 - Lightin common room.
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Figure 9 - Lighting kitchen.
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Figure 12 - Dimming profile kitchen.
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Figure 13 - Constant profile.
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Natural ventilation
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Figure 14 - Natural ventilation summer (weekdays from Jun.-Aug.).

Profile Mame: Matural ventilation rest of year_Tranehavewvej Uniﬁe'l;ry;ge: . =
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Time of Day

Figure 15 - Natural ventilation rest of the year during weekdays.
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Units Type:
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Heating coil vent. 1_Tranehavevej
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Figure 18 - Mechanical ventilation weekends.
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Mechanical cooling

. " p - Units Type:
Profile Name:  Cooling coil decentral day_Tranahavevej T
IF
. - w
D: DAY_0118 @ Modulating () Absolute @ No units g
Tirme | Walue T e
1| onon 000 5
2| or.00 0.00 m i=
3| o7 100 ] E
4| 1700 1.00
— Gr,
5| 1700 000 acsticty|
—
0.0 |||||||:|||:| |||||i|||i|||||||;| |:|||:|||:|||
00 0z 04 06 08 10 1z 14 16 18 Z0 2 28
Time of Day

Figure 19 - Cooling coil activation day.

Reference: Cooing summer day
On/Off Contral Proportional Contral

Active

Variable Being Controlled ] Bry-bulb Temper | Midband Variation: | Constant

[constant__~]
[qu-btﬂ: Temperature at Maximum Signal (“CJ] 18.00 | Midband (=C) |
Time Switch Profile | Proportional Bandwidth (k) |

o
E
4

off continuausly | Max. Change per Time Step: |

| Dry-bulb Temperature at Minimum Signal (°C) | | 15.00 |
Sensor
AND Connections
Dry-BulbTempera
D Reference Multiplex ID

|
g
i

| 1

Set Point Remaove
|  setpointvariation: | Constant OR Connections
Set Point (°C): 25.00 D Reference Multiplex ID
T
Allow OR. inputs to override time switch?

Multiple Edit || ok | [ cancel |

Figure 20 - Coolin coil set points.
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n— - : Units Type: | [ElEr
Profile Mame: Cooling coil decentral night_Tranahavevej ; m
ID: @ Modulating () Absolute (@) No units g .50 7
Time | Y alue e @ L.8o
1| 00:00 1.00 EREEE
2] o700 1.00 m =
3] 0700 000 - E 060
4 | 17.00 0.00 - -
— Graphical v.se
& | 1700 1.00 - |
= TS|
010 7 [
£ L0 T T T
00 0z 04 OF OB 10 12 14 16 18 F0 ZE T4
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Figure 21 - Cooling coil activation night.

Reference: Cooling coil summer night

OnfOff Control Proportional Contral

Variable Being Controlled ] Dry-bulb Temperatu | Midband Variation: | Constant -

oyt o s ] Dl
Time Switch Profile | Proportional Bandwidth (k) | 2.00

| Max. Change per Time Step: |

Cooling coil decentral night_Tranehavevej

| Dry-bulb Temperature at Minimum Signal {°C) | | 15.00 |
Sensor
AND Connections
Dry-BulbTempera
D Reference Multiplesx ID

Remove

Set Point
SetPoint Variation: | Constant
Set Point (°C): 23.00 D Reference Multiplex ID

Deadband {K): 1.00
High Sensor Input:

OR. Connections

|
g
i

| 1

Allow OR. inputs to override time switch? Remaove

Multiple Edit | [ ok | [ cancel |

Figure 22 - Cooling coil set points.
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Radiant heating floor

- Grid

Profile Name: Set point temp. radiant floor WD

_ 100.00
IC: (7) Modulating @) Absolute - Mo units o W00
Tirne | Walue @‘ go.00
Formula
1] 00:00 \—/ 2 70.m0
2| 500 vty |2
E Z ©
4|1 1700 )
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: L g g g 0
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Figure 23 - Set ponts radiant heating floor during the weekdays. The radiant heating floor is only active between middle of

September — start of May.
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Figure 24 - Set points radiant heating floor weekend.
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Reference: CR1
Settings Proportional Controllers
Radiator: [Radian floor CR. v] [ Froportional Flow Controller
Proportional Temperature Controller
Mumber of Units: 1.00 -
Sensor Location: | Internal sp-001-grupperum
(Spedfied flows are for one unit)
Sensed Yariable: Dry-bulb Temperature
Heat source: [Dish'ict heating for radiant floor - ]
Midband Yariation: Constant
OnfOff Controller
Flow at Max.Control Signal {I/s): n.02 Midband (°C}: e
Temp. at Max.Control Signal (°C): 30,00 Proportional Bandwidth (K3 2.00
Use hot water loop supply temperature? Max, Change per Time Step: LE
Flowa ak Min. Contral Signal £lfs): 0.05
Time Switch Profile
Sensor Radiant Fraction: ]
on continuously
Sensor
Sensor Location: AMD Connections
Sensed Variable: ’Dry-bulb Temperatu D Reference Multiplex ID
Radiant Fraction: 0
Set Point Variation: ’TI[T‘IEd v] [ add ][ Remove |
OR. C chi
Set point annual rest of Tranehavewvej erinsctions
jin} Reference Multiplex ID
Deadband (K): 1.00 P
High Sensor Input: [DFF v]
[ Add ] [ Remaove ]

ok || cancal

Figure 25 — Radiant heating floor control.

PV panels
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V5 generator | Wind generator | CHP generator

PV array type lMonocrysIﬁIIine silicon -

Derive performance parameters from PV array type?

Daniel Lgvborg — Master thesis — Architectural Engineering

PV module nominal effidency

Reference irradiance for NOCT (W/m2) | 800

Degradation factor  0.9300

0, 1300

Temperature coefficent for 0.0040
module efficency (1K)

Shading factor  1.0000

Mominal cell temperature (NOCT) (°C) | 45.0

Electrical conversion 5 gnag

efficency
Area (m2) Azimuth Inclinaticn
y (® clockwise from north) (= from horizontal)
Panel 1 25.000 225 8.0
Add panel l [ Remove panel

Figure 26 — PV panel inputs.

Results

Energy consumption calculation
Areas: Total all five room: 195 m?; only the three common rooms: 132 m?.

Primary energy factors: electricity: 2.5; district heating: 0.8

Cooling: 1210 kWh/ 132 m? (three group rooms area) / 4 (COP) = 2.29 kWh/m?

Total lights: 1150 kWh/ 195 m” = 5.9 kWh/m?

ApHVAC distr. fans: 1605 kWh/ 195 m” = 8.23 kWh/m?

Heating: 5562.4 kWh /195 m? = 28.53 kWh/m’

DHW: 5.23 kWh/m?

PV panel: -2520.7 kWh for 10 m” to be divided over the entire building meaning that this should be
multiplied with 0.2 because the simulated areas are 20% of the building and then divided out pr. Square

meter: (-2520.7 kWh * 0.2) / 195 m? = -2.58 kWh/m”

Summation: (2.29+5.90+8.23-2.58)*2.5 + (28.53*0.8) + 5.23 = 62.7 kWh/m"
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Thermal indoor climate
Overheating hours:

Output  Analysis  Help
HE 2 @ExEaiw .0 R

‘u’nable: — Day / Time Test:
Air temperature ('C)

Mon Start Time Number of hours... -

Tue =] g7.00 = :

Wed = = (@) Greater than

P_‘“ Finish Time (7) Between

i

[ 5at = 17000 = () Less than

[F15un (7) Between room set-poirts

[E | When occupied (/- differential tolerances)

Test values in C
) Averaged, shared hours
above 26 in steps of 1 num. steps 5 Dﬁor ‘unmet-hours'test) Apply
Air termperature [*C] - hourg in range |

File Location » 2R.00 > 27.00 [ 2500 [> 2300 [> 3000 EET
tranehaveve] full year a| sp-001-grupperum [ 65.0 aa 0o ] 0o 0o
tranehavevel full vear.a| sp-002-arupperum 44.0 E.0 0.0 on 0.0 0o
tranehaveve] full year a| sp-003-gruppeum | 6.0 0o 0o ] 0o 0o
tranehaveve] full pear.a| sp-032-kontor 0o 0.0 0o 0.0 0.0 0o
tranehaveve] full vear.a| sp-036-kkken 0o 0.0 0.0 on 0.0 [N}
tranehaveve] full year.a| Tatal hours 115.0 14.0 0.0 0.0 0.0 0.0

Figure 27 — Overheating hours. It is seen during the institution’s open hours of the year there are considerably less overheating
than the required 100 hours > 26°C and 25 hours > 27°C in Br10.

Hours below 20°C:

Output  Analysis  Help

HE (3 HExKER®M 2O

Variable:

= = Day / Time Test:
Airtemperature ("C)
Man Start Time Number of hours... -
Tue <] g7:00 = :
Wed - - () Greater than
1_1_1"' Finish Time (7) Between
i
[] Sat 21700 (2 (@ Less than
[ Sun (™) Between room set-points

[ | When occupied ~ (+/- differential tolerances)

Test values in °C

below 20 in steps of 1 num. steps 5 D?:?ﬁﬁrﬁgﬁiﬁggim Apply
Air ternperature [*C] - hours in range
File Location < 15.00 < 16.00 [<17.00 [<18.00 [<19.00 [« 20.00
tranchavevel | sp-001-grupper| 0.0 0.0 no 0o 0.0 0o
tranchavevel | sp-002-grupper| 0.0 0.0 no 0o 0.0 0o
tranehaveve .| sp-003-gruppem| 0.0 0.0 0o 0o 0.0 0.0
tranehaveve] fu| sp-032-kontor | 0.0 0.0 0o 0o 0.0 0.0
tranehaveve .| sp-036-kkken |00 0o 0o 0o 0o 1.0
tranehaveve] .| Total howrs 0.0 0.0 0o 0.0 0.0 1.0

Figure 18 — Hours below 20°C: There is only one hour below 20°C in during the opening period of the year.
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Examples of indoor climate

Common room 1

Daniel Lgvborg — Master thesis — Architectural Engineering
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= Air temperature: sp-001-grupperum {tranehavevej_full year.aps)

Internal gsin: sp-001-grupperum (tranehaveve|_full year aps)

Date: Wed 06/Jan

Room CO2 concentration: sp-001-grupperum (ranehaveve|_full year.aps)

ApHWVALC air supply: sp-001-grupperum {tranehaveve]_full year.aps)

Figure 29 — Winter day situation. temperature (green), internal gain (light green), CO, concentration (blue) and ventilation rate

(yellow)
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ApHVAL air supply: sp-003-grupperum [transhaveve]_full year.aps)

= Room COZ2 concentration: sp-003-grupperum (tranehavevej_full year.aps)
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Date: Wed 241/Jul

Internal gain: sp-003-grupperum {transhaveve]_full year.aps)

= Air temperature: sp-003-grupperum (tranehavevej_full year.aps)

Figure 30 — Summer day situation. temperature (green), internal gain (light green), CO, concentration (blue) and ventilation rate

(yellow)
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Kitchen
180— 480 20 28
1 as04 Lie |
140+ i | 25
J 440 1.8 i
120 1 L | os
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1E ] Lia |
o -
@ o0 S 420 b=
= = E 1.2 3
= 12 (a3} =
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= = T
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E 2 4004 L =
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7 370+ 0.4 |
20 1 I R
250 0.2
0— 350 T T T T T T T T T T T T T T T T 0.0 —18
00:00 08:00 12:00 18:00 00:00
Date: Wed 06/Jan
ApHVAC air supply: sp-038-kkken (tranehaveve|_full year.aps) Internal gain: sp-038-kiken {ranehavevej_full year.aps)
= Room CO2 concentration: sp-038-&en {ranehaveve]_full year.aps) — Air temperature: sp-038-4&en [{ranehaveve]_full year.aps)

Figure 31 — Winter day situation. temperature (green), internal gain (light green), CO, concentration (blue) and ventilation rate

(yellow)
180 480— —20 28
1 aso- Lis |
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ApHVAL air supply: sp-0238-4&en (franehaveve]_full year.aps)

Date: Wed 14/Jul

Internal gain: sp-038-k&ken {tranehaveve|_full year aps)

= Room CO2 concentration: sp-038-Kden (transhavevej_full year aps) = Air temperature: sp-038-4&en (tranehavevej_full year.aps)

Figure 32 — Summer day situation. temperature (green), internal gain (light green), CO, concentration (blue) and ventilation rate

(yellow)
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Office
35— 800— r0.22 27.5
] =804 I 27.0
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#1580 | 26.5
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] 280+ | 21.5
o 240 T T T T T T T T T T T T T T T T T T T T T T T 0.14 21.0
00:00 0€:00 12:00 18:00 00:00
Date: Mon 11iJan
ApHVAC air supply: sp-032-%ontor (ranehavevej_full year.aps) Internal gain: sp-032-kontor (ranehavevej_full year.aps)
= Room COZ concentration: sp-032-4kontor (ranehaveve]_full year. aps) — Air tempersture: sp-032-kontor (ranehavevej_full year.aps)

Figure 33 — Winter day situation. temperature (green), internal gain (light green), CO, concentration (blue) and ventilation rate
(yellow)
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1 1 F0.18
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o=l 240 — T — [ 0.14 21.0
00:00 0&8:00 12:00 18:00 00:00
Date: Wed 09/Jun
ApHWVAC sir supply: sp-022-kontor (tranehaveve]_full yesr.aps) Internal gain: sp-022-kontor {transehaveve]_full year.aps)
= Room COZ2 concentration: sp-032-%ontor {ranehavevej_full year aps) = Air temperature: sp-032-kontor (ranehaveve]_full year.aps)

Figure 34 — Summer day situation. temperature (green), internal gain (light green), CO, concentration (blue) and ventilation rate
(yellow)
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Atmospheric indoor climate
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Output  Analysis  Help

Varable:

Test values in ppm

HE B MEXE&M 2SO ER

Day / Ti Test:
Room CO2 concentration (ppm) 2 s e ©
Mon Start Time Number of hours.... -
Tue ] p7.00 = _
Wed = = @) Greater than
P'_"” Firish Time () Between
fi
[C] Sat = 17:00 =2 (") Less than
[ Sun @ Bebween room set-points
I:l When occupied [+#- differential talerances)

above 960 in steps of 10 num. steps 5 D?:?‘Tﬁnﬁgiﬁirr:?t::tlim Apply
Foom COZ concentration [ppm] - howrs inrange

File Location > 960,00 [> 97000 [> 98000 [> 990,00 [> 100000 [ 10i000
tranehaveve] fu| zp-007-grupperum | B53.0 BRE.0 G03.0 R18.0 0.0 0o
tranehaveve] fu| sp-002-grupperum | 6590 £55.0 R20.0 R17.0 0.0 0o
tranehaveve] fu| :p-003-grupperum | 0.0 oa oa nao 0. nao
tranehaveve] fu| sp-032-kontor 0o oo oo 0o 0.0 0o
tranehaveve] fu| sp-036-kkken 0o oo oo 0. 0.0 0o
tranehaveve] fL| Tatal hours 1380 1311.0 11280 100 0.0

Figure 35 — CO, concentration results.

Examples of Atmospheric indoor climate
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Date: Mon 04iJan to Fri 08/Jan

Internal gain: sp-001-grupperum (test_full year_coocling off kio.aps)

= Room CO2 concentration: sp-001-grupperum (test_full year_cocling off k&o.aps)

= Air temperature: sp-001-grupperum [test_full year_cooling off k&o.aps)

Figure 36 — CO, concentrations, interior temperature and internal gains in common room 1 in a winter week.
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Date: Mon 05/Jul to Fri 09/Jul

Internal gain: sp-001-grupperum {test_full year_cooling off k&ko.aps)

= Room CO2 concentration: sp-001-grupperum (test_full year_cooling off k&ko.aps)

Figure 37 — CO, concentrations and internal gains in common room 1 in a summer week.

2.0+ — 500
1.8
) 480
1.8+ i
i 480
9]
1.4+ | &
i 5]
— [z}
12 440 g
i - =]
= 1.0 az0 =
™ J =
o r g'
0.8
F400 =
=
0.8 r =l
1 280
0.4 L
| 360
0.2
] T T T T T T T T T 340
Maon Tue Wed Thu Fri Sat

Date: Mon 11/Jan to Fri 16/Jan

Internal gain: sp-038-kden {test_full year_cocling off kio.aps)

= Room CO2 concentration: sp-038-dden (test_full year_cocling off k&o.aps)

Figure 38 — CO, concentrations and internal gains in the kitchen in a winter week.
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Date: Mon 05/Jul to Fri 09/Jul

Internal gain: sp-032-%ontor (test_full year_cooling off k&o.aps)

= Room CO2 concentration: sp-032-kontor {test_full year_cocling off kfo.aps)

Figure 39 — CO, concentrations and internal gains in the office in a summer week.
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Bel0 tailored according to IES<VE> results

Example of changed ventilation rate during winter from the original Be10 calculation for one of the
common rooms (44m?; 144m°):

Conversion from I/(s*m?) to air change pr. hour:

0.741/(s*m?) * 3.6 m*/h = 2.664 m*/(h*m?) © 2.664 m?/(h*m?) * 44m” = 117.2 m*/h = 117.2 m?*/h / 144m>
=1.76 h*

The Bsim and IES<VE> calculations have proved a need for 3h™ VAV ventilation:
3h™ * 144m> = 432 m*/h > 432 m’/h / 44m’ = 9.81 m’/(h*m?) = 9.81 m*/(h*m?) / 3.6 m’/h = 2.7 |/(s*m°)

This is the air change if the ventilation was 3h™ the entire time from 7 a.m.-5p.m. but in reality this will vary
over the course of the day so a factor of 0.8 is multiplied on this during winter resulting in: 2.2 I/(s*m?).
During summer where the internal gains are no as intense over the course of the entire day because the
occupants are expected to be outside much of the time the factor used here is 0.65 resulting in 1.8 I/(s*m?).

Based on the same procedure other rooms that have been dealt with have the following air changes (the
reduction factor for usage time is the same here because these rooms are expected to be used similarly
winter and summer):

Factor Air change [h]
Kitchen (3h™): 0.4 for reduction in usage time 1
Office (3h™): 0.5 for reduction in usage time 0.6

The usage time has been chosen to remain the same as in the original model on thereby incorporate this
into the air change instead. In the rest of the rooms the air change rates remains unchanged.

Skylights

The windows has been changed since the original Be10 calculation was made, because it was decided to
use a window with a g-value of 0.43 and no solar shading on the skylights as opposed to the original choice
with a g-value of 0.57 (similar to the facade windows) and internal solar shading.

Internal heat gains

There are 102 person (children and adults) on in the institution if everyone is there at the same time. These
have an average heat production of 76W for the mix of larger kids and adults (50% of the building) and
60W for the mix of smaller kids and adults (50%). Together this is approx. 68W. This is to be multiplied by
the number of persons and divided by the floor area = (68W*102 pers.)/ 977 m>~ 7 W/m?.

Equipment kitchen calculated to 50.5 W/m? when everything is in use at once, but this is only a very little
portion of the day that this will take place so a factor of 0.2 is multiplied on this giving: ~10W/m>.

Lighting
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Correction of lux level from the original model to the tailored based on standard DS/EN 15251:

Original Be10 [Lux] Tailored
Office: 200 500
Kitchen: 200 300

Cooling

Since the dynamic simulations showed that cooling was necessary mechanical cooling has been added to
the tailored Be10 calculation. The COP factor of the cooling system in the ventilation has been set to 4.

Adjustments made in IES<VE>

Light transmittance adjustments between Revit and IES<VE>

Due to the simplifications that take place in the transfer between Revit and IES<VE> (when choosing the
“Simple with shading surfaces” option in the IES<VE> plug-in) the frame construction is neglected in
IES<VE> which means that this becomes either glass or wall/roof area. The following are calculations of
reduced/increased glass area in the imported model for the common room in IES<VE> and how the light
transmittance (LT) is changed in order to compensate for this. The adjustments are used in the glass
construction properties and in the Radiance module to calculate the correct amount of daylight in a certain

room.
Facade

Window next to glass door:

Glass area in Bsim model: 3.26m

Glass area in IES<VE> model: 3.14m

Reduction: ((3.26-3.14)/3.14)*100=3.8 %

Factor: 1+0.038=1.038

Real LT value in project: 0.73

Adjusted LT to compensate for changed glass area: 0.73 * 1.038 = 0.75 (equals: 42 % of 2 windows)

Small and large window next to pergola (combined in the transfer to IES<VE>):

Glass area in Bsim model: 3.67m

Glass area in IES<VE> model: 426 m

Increase: ((4.26+3.67)/3.67)*100 = 16.1 %

Factor: 3.67/4.26 =0.86

Real LT value in project: 0.73

Adjusted LT to compensate for changed glass area: 0.73 * 0.86 = 0.63 (Equals: 58 % of 2 windows)
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Combined LT value for the above two window types:

Daniel Lgvborg — Master thesis — Architectural Engineering

0.75*0.42+0.63*0.58 = 0.68

(this value is used for all windows in building except for the types listed below).

Glass door in Common room:

Glass area in Bsim model:
Glass area in IES<VE> model:
Reduction:

Factor:

Real LT value in project:

Adjusted LT to compensate for changed glass area:

Skylights

Glass area in Bsim model:
Glass area in IES<VE> model:
Reduction:

Factor:

Real LT value in project:

Adjusted LT to compensate for changed glass area:

Daylight sensor settings in IES<VE>

1.52m
2.26m

((2.26+1.52)/1.52)*100 = 48.7 %
1.52/2.26 = 0.67

0.73

0.73 * 0.67 = 0.49

2.20m
2.66m

((2.66+2.2)/2.20)*100 = 20.9 %
2.20/2.66 = 0.83

0.43

0.43 * 0.83 = 0.36

Sensors are used for dimming controll for the artificial lighting.

Sensors are placed at a hights of 0.75 m above the floor and relatively central in each room.

Sensors are the blue dots and are used in Common rooms, staff room, the office, hallways and the

wardrobes.

ApacheHVAC in IES<VE>

Common room: (139m* * 3h™) /3.6 ((I/s)/(s/h)) ~ 1161/s
(Three common rooms: 116 I/s *3 rooms 3481/s)
Kitchens: (131m** 4h™) /3.6 ((I/s)/(s/h)) ~ 1461/s
Office: (36m’ * 3h") /3.6 ((I/s)/(s/h)) ~ 301/s

Total: 524 1/s
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Equipment kitchen

Stove: 1000 W

Refrigerator & freezer: 210 kWh/year / 8760 =25 W
Oven: 500 W

Hood above the stove: 200 W

Dishwasher: 300 W

Other electricical equipment: 500 W

Total 2525w

Power consumption per m*: 2525 W /50 m* = 50.5 W/m*
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