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ABSTRACT: This paper illustrates our findings concernspace based design methodologies interoge-
rability issues for today’s Building Information Meling (BIM) environments. A method is elaborateuich
enables building designers to perform an automatertgy use analysis, based on an Industry Foumdatio
Classes (IFC) model derived from a commercial BiMinment, in this case Autodesk Revit 9.1. A prot
type application was built, which evaluates thelding model as well as vendor-neutral exchange eech
isms, in accordance with the Flemish Energy Perdmite Regulation (EPR) standard. Several issuesdrega
ing the need for space-based building models agatifted and algorithms are developed to overcome
possible shortcomings.

9.1, in accordance with the Flemish Energy Perfor-

mance Regulation (EPR) standard
1 INTRODUCTION (http://www?2.vlaanderen.be/economie/energiesparen

/epb/doc/bijlagelepb.pdMay2008). The most im-
Today’s building design practice finds itself sudbje portant challenge arising from the EPR standard is
to increasing expectations in several knowledge dahe need for a space-based model, which makes it an
mains, striving towards building designs with bette interesting test case, since most of today’s migel
performance in a variety of fields. These challengepractice is not oriented that way.
ask for a detailed evaluation of the building madel Fazio et. al. (2007) investigated an IFC based
an early stage of the design process. At preserframework for delivering building envelope dataato
however, a building design is evaluated by expertsset of simulation engines, showing that it is fekesi
using specialized simulation tookst the endof the to automatically derive the required geometrical an
design process, i.e. when important design de@siommaterial layer information from a BIM application.
have already been made, without any quantifietHowever, the procedure focuses on the building
feedback (Suter and Mahdavi, 2004). Therefore, thenvelope and less on three-dimensional, space-
design process would be greatly enhanced by thelated issues. In contrast, the research of Laml.et
availability of uncomplicated evaluation methods,(2006) does take the spaces defined by their enclos
incorporated in, or at least closely related te, de- ing constructions into account, and uses them as a
signer’s modeling environment. This requires a rictstart point for the thermal simulation. Howevegyh
modeling environment, capable of communicatingnake rather far going simplifying assumptions con-
design data with external evaluation tools. Buigdin cerning the bounding construction geometry. It is
Information Modeling (BIM) applications, in con- precisely this aspect which is addressed in the cur
junction with efficient vendor-neutral interoperitbi  rent contribution. We target the faithful and com-
ty methods, such as the Industry Foundation Classgdete generation of both the internal and external
(IFC) initiative (ttp://www.iai-tech.orgMay2008), geometry of space-based models as well as their ma-
are promising technologies to fulfill these require terial properties, so to enable accurate calculatio
ments. the building energy performance. To realize such a

This paper focuses on the feasibility of this ap-system, various issues have to be faced, notaply (i

proach by devising a method to automatically evathe ability of contemporary BIM environments to
luate a building design, modeled in Autodesk Revitapture and, most importantly, to export the resglir




information, and (ii) the ability to deploy vendor- sumptions have been made, for example the use of
neutral formats to convey the information to thefixed exterior and interior temperatures, defawt o
processing software. These issues are addressed¢cupancy and internal heat gains. By doing so the
prototype of such a system was actually built and iEPR method does not aspire to assessethleener-
briefly presented. gy consumption but delivers a workable basis for a
The paper is structured as follows. The nextisect comparison between buildings. In the following, as-
briefly introduces the Flemish standard againsttivthe  pects of the standard which exclusively focus @ re
software has to operate. Then, in section 3, th#- we idential buildings are elaborated, the so-calledh\VEP
known IFC format is evaluated with respect to tasee method.
with which the information can be represented.dctisn The EPW method consists of calculating the fol-
4, some of the solutions are presented that hade mfee  lowing aspects of a building’s energy demand: spa-
construction of a prototype system possible. Caichs tial heating and cooling, domestic hot water supply
are formulated in section 5. and the use of auxiliary equipment. Possible gains
by solar panels or cogeneration devices are sub-
tracted from the previously calculated energy de-
2 ARCHITECTURAL DATA REQUIREMENTS mands. All contributions are calculated per month
FOR THE FLEMISH ENERGY and, if applicable, pegnergy zonea spatial subdivi-
PERFORMANCE REGULATION sion which groups the spaces sharing a common
heating and ventilation system. The previous terms
As imposed by th&uropean Directive 2002/91/EC are multiplied by a fuel factor and ultimately com-
of 16 December 2002 on the energy performance diined to provide theharacteristic annual primary
buildings(Directive 2002/91/EC, 2002)he Flemish energy consumptignin short the building energy
Authority has elaborated a standard with which neweonsumption.
ly erected and renovated buildings have to comply: In Table 1 the EPW method is summarized from
the Energy Performance Regulation (EPR). Then architectural point of view, describing thos@-co
standard describes a steady state calculation of tabutions which are explicitly related to architec
building’s ‘characteristic annual primary energy al aspects of a building design.
consumption’,implying that some simplifying as-

Table 1 Architectural data requirements for th&\Efethod
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without thelfcRelSpaceBoundargntity, taking the
separate geometrical representations IfoSpaces
3 MAPPING THE IFC-SCHEME andlfcBuildingElement®ntities as a starting point.
Several possibilities are provided by IFC2x3
The Industry Foundation Classes (IFC) standard is model scheme to define the connection geometry
generic hierarchical object model to abstract buildand different definitions are encountered when ob-
ing components and processes, it was defined serving IFC models generated in practice. The con-
provide a universal basis for process improvememection geometry for slabs, for example, is often d
and information sharing in the construction and fafined as anlfcCurveBoundedPlanestance which
cilities management industriesht{p://www.iai- provides a closed and planar curve, as a boundary
international.org/About/Mission.htnlay2008). facet. However, in compliance with the model
It is clear that the energy zone object plays acheme, the wall connection geometry might be de-
prominent role, since it groups all data requiredfined by means of atfcSurfaceOfLineairExtrusion
Therefore, the IFC2x3 model scheme is evaluated imstance In that case, the generation of the curve de-
view of the following operations: (1) generatingth fining a wall connection geometry is far more com-
individual energy zones, (2) collecting boundingplicated. Merely a prismatic surfade provided, de-
constructions, (3) extracting corresponding geoynetrtermined by a two dimensional profile, an extrusion
and material layer properties and, if applicab#), ( direction and height. Surely, the profile to be ex-
processing opening elements, related to their gnergruded matches the line segment where the wall con-
zone by the bounding constructions in which theynects to the flooring, but problems arise whemyi
occur. Some of the required data is explicitly em+o define the line segment connecting the walht t
bedded in the IFC2x3 model scheme, e.g., materialpace ceiling. Note that the extrusion height is de
layer thicknessl, while other data, such as the open+ived from thelfcSpaceindividual representation,
ing element glazing fractioR,,; or solar factorg;,  which is in fact the space bounding box and there-
are possibly provided through tifePropertySebb- fore does not necessarily coincide with the exact
jects. An essential part of the required data h@nev shape. To overcome this problem, an algorithm has
can only be extracted after (sometimes extensivd)een constructed by which the wall connection geo-
processing. metry is developed more precisely. The development
consists of calculating the verticeswhich consti-
tute a curve describing the wall-space connection.
Looping through the vertices of the IfcCurveBoun-
Combining the functional requirements for an enerdedPlane C1 and C2, as provided by both slabs, and
gy zone with the IFC2x3 model scheme delivers the
IfcSpaceentity as best match for the energy zone
functionality. According to the definition from IAl
an IfcSpace “... represents an area or volume
bounded actually or theoretically. Spaces are are:
or volumes that provide for certain functions withi
a building.”, note that this concerns internal dime
sions. Additionally, the different bounding constru
tions for a giverifcSpaceare provided by the set of
IfcRelSpaceBoundargntities, which each deliver a
bounding construction by afcBuildingElementn-
stance. Apart from théfcBuildingElement the If-
cRelSpaceBoundamntity provides two very useful
objects: IfcConnectionGeometryand IfcinternalO-
rExternalEnum The former establishes the geome-
trical relationship between afcSpaceand the re-
lated bounding construction, the latter states dret
that construction neighbors the exterior or interio
It should be mentioned here that, although Ifce
BuildingElement and IfcConnectiongeometry
attributes are optional for tHécRelSpaceBoundary
entity in the IFC2x3 model scheme, they are consi
dered essential in this project, since by thes
attributes the connection between a bounding cor
struction and a given IfcSpace is geometrically de
scribed. The connection geometry would be muclrigure1. Connection geometry for wall
harder, if not virtually impossible, to determine

3.1 Internal boundary of energy zones




Figure2. Left pane: Interni geometry for IfcSpacy, right pane: triangulation of curve set, additiorsafface norme

storing those which fit théfcSurfaceOfLineairEx- for d; results in thdfcBuildingElement’'dotal thick-
trusion for a specific wall, provides for a set of ver- nessdy. The IfcMaterial instance provides the ma-
tices. Each vertex is a member of both construstionterial name and, possibly, a link to an externédrre
and thereby describing a bounding curve inlthe ence comprising physical material properties or
SurfaceOfLineairExtrusignwhich is determined by specifications.

the two dimensional profil®; and height. Finally, A procedure has been developed to generate the
this set is post processed to ensure a correct,orddéfcBuildingElement geometry, derived from the
resulting in a closed and planar curve, represgntincurve sets described in section 3.1 and its total
the wall connection geometry for a given space.(Figthicknessdy ,which would then be space-related in

1). contrast to its individual representation as déstti
With the IfcConnectionGeometrgntity for each by thelfcProductDefinitionShapattribute.
bounding element provided, thESpace’sinternal Generation of thelfcBuildingElement space-

geometry can be processed, resulting in a setasf plrelated geometry, needed for the calculation of its
nar curves each related to eBuildingElementn-  volume calculation, consists of defining the outer
stance or a specific part of it (Fig. 2). The inadr curve, parallel to the inner space bounding curve,
geometry describes thieSpaceas seen from the in- and all curves connecting the inner and outer aurve
side and its representation is assumed to define This is a vertex-based operation. For each vergex
closed shell. of an IfcBuildingElement’sinner curveC, at least
one new vertexy is generated. The number of in-
ner curvesC; containingvy , the surface normals;
and corresponding offset distanahs are the para-
The internal geometry, which is in fact a closetl semeters required for the calculation. In most cases
of curves, does not yet provide the data needed, i. vertex vo' is derived as the intersection point be-
the IfcSpaceexternal volumeV,qne Or its bounding tween three planes, defined by the surface normal
constructions external are® ,one AS illustrated in  and offset distance corresponding with its curve se
Fig.1, gaps appear between neighboring spaces afl however, different algorithms are used depending
the building’s outside geometry is completely ab-on the constellation of the inner curves of whigh
sent, due to the lack of geometry for all boundings a common vertex (Fig. 3). Performing the proce-
constructions like walls, floors and roofs. We nowdure for alfcBuildingElement’snner curve delivers
describe an algorithm which inflates tfieSpacein-  a closed shell, enabling the calculation of itauwaoé.
ternal geometry, to match its outer boundaries, by
generating the boundary elements’ volume. In a pr
processing stage, each curve is triangulated and
surface normal justified (Fig. 2). In Table 1 several requirements in relation to apgn
All construction components, e.g., walls, slabsglements are listed: aréq,;, sloped, , orientationd,,
roofs, stairs, columns, beams ... are subtypes of thgazing fractionF,j and solar factog;. In contrast with
IfcBuildingElemententity, which provides the geo- the first three requirements, which relate to teerge-
metrical representations and material usage. Theical aspects of a void made in a constructiomelst,
IfcMaterialLayer instance has an attributeayer the latter two relate to the objects which fill thsd.
Thicknesdd, and IfcMaterial. Combining the values

3.2 External boundaries of energy zones.

eis 3 Introducing the opening elements



Figure3. Offset cases: one, three and two surface nornwls given vertex v0, as a member of. C1

In general the geometrical representation for theonstruction where the opening is located and the
voiding IfcOpeningElementonsists of an extruded opening’s ared\.,;, sloped, andorientation®,, are
solid object, defined by a two dimensional profilecalculated.
and extruded orthogonally to the wall’'s face. Some- The solar factoig; and the glazing fractiofw
times a boundary-representation object is uselleas tare retrievable via théfcWindow or IfcDoor in-
opening’s geometrical representation. In that casstance, accessed through theRelFillsElementin-
the boundary-representation bounding box is calcustances.
lated and analogously treated as the previous solid
object.

The key to establishing the relationship betweed PROJECT CASE, FEEDING THE EPW
the IfcOpeningElemengeometry and thdfcSpace APPLICATION FROM REVIT 9.1
inner geometry is the two dimensional profile, used
by the extruded solid object, by which the operigng In this project, Autodesk Revit 9.1 was used to
described. By projecting this profile, paralleltttee  model an office building design and perform its ex-
extrusion axis onto the host construction’s innemport to the IFC2x3 data format. The building con-
curve, the opening’s geometry is embedded withisists of six spaces, arranged around a patio plita s
the bounding construction’s new representation. Aevel layout. Spaces are defined by means of the Re
new curve is generated, representing the parteof thvit room object, construction components are pro-
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vided with corresponding material layers and open- Reading a specific IFC file comes down to map-
ing elements are modeled as simple, prismatic voidsing each IFGentity on the related C# class and, by
or more complex shapes, e.g. recessed windowssing the dispatch table, calling the corresponding
(Fig. 4). constructor which recursively generates the related
Reading the IFC file. objects.

A preparatory procedure is developed which
translates the IFC2x3 model scheme, described i21 p ing the dat
the Express language, into a hierarchical class |- rocessing the data.
brary for Java or C#. This procedure includes fouAll IFC objects in memory are analyzed and the use-
steps. Initially, the current version of the Expres ful data is exported to an XML file, describing the
scheme is read and walked, by means of an ANTLRonstruction component geometry and used material
parser Kttp://www.antlr.org/May2008), and an ab- layers in a space based structure. The EPW calcula-
stract syntax tree structure is generated. Then, kjon procedure starts from this XML input file. Bhi
traversing the tree structure, information conaggni file format was introduced to enable not only the
data types, enumerations, selects and entities isiport of model files based on IFC data format, but
stored in a set of IFC classes. Subsequently, da coalso using other formats as a data provider, &g. t
generator was developed, which translates the newlgbXML data format, supported by the Demeter plug
generated IFC classes into a Java or C# classylibrain for Google SketchUp
Finally, a dispatch table is generated, definiripa-  (http://www.greenspaceresearch.com/demeter_tutori
structor call for each class. By developing this-pr al2.html May2008). Next, the interior and exterior
cedure, a generic tool is created by which each nespace boundaries are computed as described in the
version of the IFC model scheme can be translatgorevious sections.
into a Java or C# class library. Although in the IFC model the possibility exist to

describe a material by its physical propertiesaaut




Figure5. PrototypeEPW application, 3D view on internal and exterredigetn

an external reference, in practice, nothing moaa th illustrates the objectives. Several issues reggrdin

visualization properties can be found in IFC reprethe need for a space-based building model areiident

sentations. An internal material database is introfied and algorithms are developed to overcome poss-

duced to overcome this problem, supplying, amongple shortcomings. This research can be further ex-

others, the thermal properties. Once a material gganded to address space based design methods an

material layer exists in the database it will béoau representations. The supply of a space based build-

matically attributed to its corresponding constiatt ing model by the source application could be strong

component, meaning that the assignment is a nohy ameliorated by the exact three dimensional repre

recurrent user intervention. sentation of spaces and the mandatory use of more

explicit IFC entities, such as curve-like descops

4.2 User Interface. for the connection geometry instances.

The user interface consists of five views. Thet igs
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In this exploratory research project the feaskild
exchange IFC model data between Autodesk Re-
vit9.1 and the Flemish EPW method is investigated,
resulting in a software prototype which succesgfull



