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Abstract

Energy analysis of building using traditional methods at every stage ofthe project is time-
consuming and labour intensive. Thus, energy performance simulatiors of buildings are
rarely introduced in all designstages of the projectHowever, energy analysis of building
at different stages of the project will allev designers to make proper design decisions (de-
sign choices), whichwill help to enhance the design efficiency and optimizationf energy
saving measuresA BIM model consists of comprehensive information regarding all the or-
ganizations (architects, enginers, constructors, facility management, etc.) involved in the
project and about all stags of the project life-cycle (design, construction, maintenance and
operation). Theseamless data transfer from the BIM model to the energy simulation model
will make the energy simulation process muchmore easier and increase the design
efficiency.

In this study, different approaches and methodologies for energy simulation in buildings
and dassification of these methodologiesaccording to scope,the complexity of data pro-
cessing, and granularity of resulted datés investigated. The information requirements for
energy simulation based oreach categorization (i.e. input data parameters and level of data
granularity) is analyzed A methodologyfor data sharing between the BIM model andthe
energy simulation modelby using metadata models (gbXML or IFCis proposed An analy-
sis is performed to verify the availability ofthe required information for energy simulation

in the meta-data models A BIM model with the incorporaton of all required information to
perform a complex type of energy simulation is modelled in Revit 2019 and the same infor-
mation is transferred to the IES<VE22018 (the energy simulation model) using interoper-
ability file formats gbXML or IFC.

VI
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1 Introduction

Building Information Modelling (BIM) leadsto significant changesof the design processby
introducing building energy analysisin the early stage of desigtand thereby shortening the
distance betweenevolution and design.The main advantage of BIM for modk&ng energy in
the design phases design optimization based ondesign decisions or design choicesThe
decisions about when and what to simulate during design is important to understanthe
energy consumption of buildings andits importance for designersto make clear design
choices[1].

The energy design process starts the pre-designstage andcontinues through the build-
ET @duwpation[2]. It is necessary to know what information is equired in each stage of
the design processto perform energy simulation. Manual input of information into these
energy simulation modek at every stage othe project is time-consumingand prone to er-
rors. The critical problem isthe iterative use of Energy simiation for design optimization
of energy saving measures throughoull stages of the design process.

File exchange formats likesreen Building eXtensible Markup Language gbXML) and Indus-
try Foundation Classes IFQ allow data interoperability between the BIM model and the
energy simulation model. Linking both BIM model and energy simulation model together
with interoperab le file exchange formatseliminates human interpretation errors and pos-
sible inconsistencies of information.Similarly, the interoperability of software enables de-
signers to usesimulated energy results as a decisiomaking feedback for designand
OOOAT COEAT Os abiltylto edaluatedesipA pefodmance

The efficiercy of interoperability between BIM model andenergy simulation modelis de-
pending upon the datasharing requirements related to the project stages These data shar-
ing requirements depend on multiple aspects such as the available data quality, the re-
quired input parameters, the methodology used to process data, atite expected outcomes
of data processing (quality, robustness, precision)

1.1 Building Information Modelling (BIM)

Building Information ModelingE© A OOAO 1T £ ET1 OAOAAOEI ¢ Pi 1l EAEAC
generating a methodology to manage the essealtbuilding design and projectdata in digital
format throughout OE A A O E 1-ckdfe (refed Rigure IHOMBR

The National Institute of Building Science describes Building Information Modellingd nO A
improved planning, design, construction, operation, and maintenance process using stand-
ardized machinereadable information models for each facility, new or old, which contains
all appropriate information created or gathered about that facility in a fornat useable by all
OEOI OCET 00 [4.Balding higkatiohModelling is a rapidly emerging technol-
ogy in the Architecture, Engineering and Construction (AEC) industry. By its definitioa,
BIM model containsthe complete information about the life cycle of the building which in-
cludes data about thegeometry of the building, geographical data, buildingspace



relationships, building components, construction details, schedules, facilities, manufacturer
details, fabricaion process details and so on.
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Figure 1: Three interlocking fields of BIM activity  [3]

Simply, the term BIM describes the process of modelling the information for a single build-
ing or a group oftechnical elements over their entire life cycle. This information modelling
covers both the product modelling and process modellingThe two important aspects of
BIM are the process of adding information to an information model and the process of up-
dating model components over their life cyclg5].

1.2 Benefits of BIM-based Energy Analysis

The sustainable design ofhe building is carried out by initiat ing the iterative energy anal-
ysis from the earlydesignstages of the projectThe energy analysis benefits all stages of the
project and enables the buildingto be lessdependent on the primary energyby adapting
desirable design options The impact othe site, building orientation, and sources of energy
can be evaluated and improvethy usinga simple energy model during the Predesign stage
of the project. The solar exposure on the building depends on thsite location andorienta-
tion of the building. The evaluated results from thearly stageenergy analysishelp to iden-
tify the optimal orientation and massng of the building and thus reduces energy demand
and operational cost.Note that the energy simulationwhich results from the early stage
should only be used for comparison purposebecausea large number of building design
variables are still under development. During the design development stage, parametric
modelling of the building adds significant value to the energy simulation because energy
analysis facilitates the different design options, the resultant energy consumption drcap-
ital costs. These resultdelp the designteam to select desirable design optiosito reduce
energy consumption and capital costs of the buildin{f].

BIM modelscontain a large range of information regarding the product ad process. The
main advantage ofthe integration of Building Energy Mode$ (BEM) with BIM is to access



the information required for energy simulation and eliminates the needof creating an
energymodel [7]. Thereis alarge range of advantages by usinBIM-basedenergy analysis
over traditional modelling process.

)] BIM-basedenergy analysis allows iterative simulations forawide range of sce-
narios to be performedwithin ashort period of time.
1)) The time saving from the reproducton ofthe energy simulation model could be

spent on the simulation and design option$§7].

i) The geometrical changes in the BIM model cdre easily reflectedin the energy
analysis model by recreating or generating the energy mad quickly with the
help ofthe BIM program.

V) BIM tools like Revit have inbuilt building orientation options to optimize the so-
lar load.

V) ") - 0T AAI
[8].

The potential implementation of the BIM-basedenergy simulation for sustainablebuilding
design has begurand is evident in several case studiesThe HAMK University of Applied
Science has appliedBIM-basedenergy analysis from the early stage of the designtfthe
construction of two educational buildings (Figure 2) as an extension to the existing building
in Visamé&ki campus located in Finland.

AAO Admodel ofditdm@iioA for@ll ptoCedsdsd | A

Figure 2: Revit

model for the H AMK University Buildings [9]

Sustainable solutions were successfully identified by taking the BIM approach, which re-
sulted in areduction in energy demand and its effect oenergy cost, especially the heating
cost because of the locatior-urthermore, positive results were achieved inthe reduction
of CQemission. In this case study, a Revit architectural model for HAMK university building
was analyzed within Revit andexported to Green Building Studio (GBS) through gbXML for
further analysis in GBSThe BIM tool (Revit) was used as an early stage analysis tool to pro-
duce different design alternatives based on the design scenarios thaffected energy mod-
elling. Theanalysis ofdesign alternativesshows the effect of building orientation at differ-
ent angles, diferent kinds of glazing, different HYAC systems and different kind of external
components like walls and roofs. The results obtainesh GBS were compared based on the
Energy conservaton measures[9].



1.3 Interoperability and Data Exchange Schemas

The term interoperability represents the data sharing(or exchanging) between different
software tools to eliminate the regeneration of data models.Datasharing is one of thekey
concepts to establish the successfulimplementation of BIM. The seamless data exchange
will provide better collaboration between all fields of the AECindustry and it enablesa
reduction in time, cost and effort involved in the duplication of the data.

The capabilityfor data exchange betweerngineering andanalysis tools will lead to better
energy-consciousdecisions fromthe early stages of the design proces€ne of the main ob-
stacles whichprevent the wider adoption of BIM-basedenergy analysisis the issue with
data exchange betweethe BIM model andthe BEM model. There are several aspects influ-
encing the seamless data exchange betwetre BIM model and energy analysis model The
quality of the data is one major aspect in theefinition of data exchange requirementselim-
inating the modelling of additional information in both software tools. The selection of data
requirements for a specific facility management and sharing of thatselected data will
simplify the data exchange process and eliminate redundancy tine model generation pro-
cess[10].

These difficulties in data sharing are improved along with the development of BlIMetadata
models or data exchange schemagwo popular data exchange schemas are availabier
the data exchangen the field of the AECindustry. These are(i) green building eXensible
Markup Language (gbXML) an¢ii) Industry Foundation Classes (IFCY.he metadata mod-
els IFC and gbXML hee significantly improved the interoperability between BIM and BEM,
by acting as a bridge between BIM and BEMhese data &change schemas have also in-
creased the transparency ofhe datatransfer process because the langge is both machine
readable and human readabl§l1]. There are several tools available to check, view and val-
idate the data presented in the interoperability file formats (.ifc, .xml). These checking and
validation will help the userto rectify the manual data modelling errors.

1.3.1gbXML

The term Green Building XML usuallyreferred as gbXML. This schema saves the data in

terms of XML(eXtensible Markup Language) language which is both machine readable and

human readable languageThe Green Building XML schema, or gbXML, was developed to

OZAAEI EOAOA OEA OOAT OFAO | AasddlbEiltinyEnfognatienl £l O AOE
models, erabling interoperability between disparate building design and engineering anal-

ysis software tools. This is all in the name of helping architects, engineers, and energy
modellersOT AAOGECT 11 OA Al ARz .goXMuessiorsaddbyOrgahicae | AET CO06
tions such as the U.S. Department of Energy, the National Renewable Energy Lab, Autodesk,

Bentley System, and others.

The fundamental structure ofthe gbXML schema ishown in Figure 3 and it represents the
hierarchy of the gbXML schemawhich consists of Location, Building, Space, Surface, and
Opening. gbXML imports the objeebased elements Walls, Roof, Floor, etc.from the BIM
tool as a virtual element with 2D surfaces. This is the reasdor defining Walls, Floors, Roofs
and Ceilings as a surface element in the gbXML structure.



The position of surface elements is represented based on two parent noddsey are as
follows.

1 Space Boundary Node: which defines the centerline of the surface
1 Shell Georetry Node: which defines the inner surface of the wall, etc.

Twice the difference between Space Boundary node and Shell Geometry node gives the
thickness of the element. In the gbXMstructure, Room and Shading Surfacdselongto the
Building Spacdrefer in Figure 3). In Revit Architecture the user defines ROOMS and in Revit
MEP (Mechanical, Electrical, and Plumbing) the user defines SPACH® export process
can be carried out based on either ROOM or SPABGBoms are defined byoound volumes
Spaces are defined byoom bounding elements. The room bounding elements are Walls
(Curtain, Standard), Roofs, Floors, Ceilings, Curtain System and Room Separation Lines.
all the cases, surfaces whicdo not belong to room bounding are treated as shading ele-

ments[13].

Building Type

Figure 3: gbXML structure [13]

1.3.21FC

buildingSMARTproposes an open data scheme called IFC to hold building informationlt
makes possibleto exchange required data between different software applications. The
main goal of buildingSMART is to enable the good quality of data sharing between multiple
stakeholders throughout the life cycle of any built environment, irrespective of which soft-
ware they are using[14]. The Industry Foundation Classes IFQP OAD OAOAT O Al
national and standardized specification for Building Information Modelling (BIM) data that
is exchanged and shared among the various participts in a building construction or facil-
ity management(FM)D O1 E[fA O 6

I DAIT
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IFC is an open metalata model used to store manage and exchange the building infor-
mation between software applications.An IFC file follows the STEPStandard for the Ex-
change of Product Model Datais also known as ISO 10303) physicéile and XMLexchange
file formats for sharing or exchanging datalFC specifies a data schema to explairabout
holding the data and relations between tfs data. The IFCdata schemas defined inthe EX-
PRESS data specification language and XML Schddeéinition (XSD) languagePart 11 of
ISO 10303 contains the formalized specification of EXPRE$S standard data modelling

language for product data. Part 28 of ISE0303 explains the XML representation of Express
schema and data, using XML schema.

| schema |

EXPRESS XsD

H | models (or documents) | H

STEP physical file "H XML h

Figure 4: Schema and model differentiation for EXPRESS and XML [16]

The EXPRESS language can be representedath text and graphicalformat. The graphical
way of representation is also called EXPRESSThe major model components ofin EX-
PRESS data schema are (1) Entities with (2) Attributes and (3) Data Types, (4) Supertypes,
(5) Subtypes and (6) Algorithmic ConstraintsFigure 5 represents the EXPRESGS notation

for major model components, and-igure 6 depicts the representation ofthe selectedrela-
tionship between model componentd5].

r —
: Enumerated_type_name I :
L i

Entity_name

‘ STRING l‘ | EBIMNARY |‘
Entity Data Type Symbol Enumerated Data Type Symbaol
(A B
‘ LOGICAL | ‘ |BOOLEAN| ‘
r————— = T 1
|Define_type_nam I | Select_type_name I |NUIuiBER| | |\NTEGER‘ I | REAL | |
e .| L 1 ]
Defined Data Type Symbaol Select Data Type Symbol Simple Data Type Symbaols
() @3 @3

Figure 5: EXPRESS5 notation for model components [17]

From_ affribute_name To_ Supertype_
entity_ = entity entity
name name name

Attribute Symbol
Supertype/Subtype Symbol
(H)

From_ optional_attribute_name To_ Subtype_
entiy_ - = entity_ entity_
name name name

Optional Attribute Symbol
(©)

Figure 6: EXPRESSS notation for relationships  [17]



IFC4z Addendum 2(IFC4 ADD?2)is the newed version of OpenBIM standards published in
2016, consists of 766 entities, 185 types and 206 enumerator types. The data schema archi-
tecture of IFC defines fourconceptual layers, each individual schema is assigned to exactly
one conceptual layerFigure 7 shows thelFCschema architecture.
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Controls Analysis

Domain Domain P

&

=
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a

Construction
HVAC
- Management
Domain O in

Shared Bidg Shared Shared Shared o,
Services Component Shard Bulding Facilities gL
Elements Elements Elements Elements 2
Control Product Process 7

E xten sion E xten sion E xten sion %

®

[+]

L]

Kernel

g

.|

8

= |

[+]

[}
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Figure 7: Data schema architecture with conceptual layers [15]

1) ResourcelLayer:which is the lowest layer in the IFC data schema architege which
provides commonly used resources and can be used or referred by classes in the
other layer.

2) CorelLayer:which is the next layer abovethe resourcelayer, which includes kernel
schema and the core extension schemas. This core layer provides tlasib structure
of the IFC and defines most abstract generic concepts that will be specialized by
higher layers of the IFC object moddlL8].

3) Interoperability Layer: defines objects which further specialize the core layer ob-
jects and are shared by more than one domain model or application model.



4) Domain Layer: provides model objects which support the applications used by do-
main experts.

Inheritance is one of the major modelling principles in IFC schema and is an alternative way
to arrange the model components in BIMFigure 8 represents the first five inherent levels
(top part) of the IFGinherent tree. The element (walls, slab, etcip a lower level inherits
most of their attributes and modelling conceps from the top levels in the IFC schemall
IFC components originate from thdfcRootentity. Components defined inthe IFGresource
layer do not originate from the IfcRootentity.

IfcRoot

IfcPropertyDefinition IfcObjectDefinition IfcRelationship
l l Level 2

‘ IfcContext ‘ ‘ IfcObject ‘ ‘Jfl‘jpeobjec:
Level 3
‘ Ifedctor ‘ ‘ IfeControl ‘ ‘ IfcProduct ‘ ‘ IfeGroup ‘ ‘ IfcProcess ‘ ‘ IfcResource
|
]
I 1 1 I 1 Ll
‘ IfeAnnotation ‘ IfeGrid ‘ ‘ IfcElement ‘ IfeSpatialElement IfcPort ‘
E=n
IfeStructuraldctivity |
1 1 1 Level 5
‘ IfcCivilElement ‘ ‘IfrBuh'diugE.’:’mmf %Efemenﬁssembﬂr| ‘L‘-’cﬂe}nmfﬁ‘omponmr

—4 IfcDistributionElement ‘ IfcFeatureElement

—4 IfeFurnishingElement ‘ IfcTransportElement

Ll

—4 IfeGeographicElement ‘ IfcVirtualElement

Figure 8: First five inherent levels in IFC da ta schema architecture

Objectified Relationships are another majormodelling method in the IFC data schema. The
relationship entity definesthe relationship between different entities, elements and prop-
erties. The IFCdata schema defines the relationshipbetween entities or objects based on
the Obijectified RelationshipsThese objectified relationships are the easiest way to handle
the relationships among the objectsThe IfcRelationshipentity is the supertype for all rela-
tionships in the IFC data schemall these relationships are defined by two different types,



1-to-1 relationship and 1-to-many relationship. The following conventions are appliedo
most subtypes of thelfcRelationshipentity.

1 The two sides of the objectified relationships are namefL5]
Relating+<name of the relating object> and
Related+<name of the related object>

Main (Relating) Object (ABS)

GloballD

Objectified Relationship (ABS)

RelatingObject
— | RelatedObject

Related Object (ABS)
With Attributes Specifying Main Object
GloballD

AttributeBlock

Figure 9: Simplified representation of an Objectified Relationship  [5]

1 In the caseof a 1-to-many relationship, the related side of the relationship shdlbe
an aggregate being a sdt: N

As mentionedpreviousyh OEA T AEAAO | A8C8 x Al toftair&ll the) & #
information regarding geometry, properties, material, etc. This kind of information saved
with the different attributes presented in the IFC data schema. These attributes are linked

to the object through objectified relationships. It means relationships are usetb link the
comprehensive data regarding objec which are stored in the other attributes or objects.
These relationships can be added and disconnected over the lifg/cle as per the require-
ments. There are six major relationships mentioned in the IFC data schema architecture.
Figure 10 shows thesubtypes oflfcRelationdip and Table 1 describes the type and purpose

of these subtyperelationships.
[ IfcRoot

IfcRelationship

| A W | R W— |

' hl At

IfeRelConnects
A

IfcRelAssign ‘ IfcRelAssociates IfcRelDecomposes

IfeRelDeclares IfcRelDefines

Figure 10: Major Relationships in the IFC data Schema [15]



Table 1: Description about Major Relat ionships in IFC data schema

relation between each other

No. of sub-
Relationship Purpose type relation-
ships
The relationship that allows one object to navi-
IfcRelAssign gate to other objects, or to model that a clien 6
object applies the services of a supplier object.
. The relationship that refers to the source of the
lfcRelAssocias | . . P 6
information
The relationship that connects objects under
IfcRelConnects | some criteria. Constraints and semantics of de 15
fined by subtypes of this relationship
Relationship used tonavigate from the whole to
the parts and vice versa; the whole depends o
IfcRelDecomposes s 4
the definition of the parts and the partsdepend
on the existence of the whole
Declaration of objects or properties to project or
IfcRelDeclares . . J Prop prol -
project library
Used for further definition of object occur-
IfcRelDefines rences, object instances, property sets, arttie 4

The relationships can define at any level of the IFDheritance-Hierarchy and each level
contains a particular set of relationships.The complete information about what relation-
ships provide on what hierarchy level is given inTable 2. The below table describes the
relationships belongs to a specific path of inherent hierarchy memined in Figure 8.

Table 2: Available Relationships at different levels of hierarchy

Attribute Name Relationship Used For
1st Level Hierarchyz Object Definition Level
HasAssignments IfcRelAssigns RelatedObject
Nests IfcRelNests RelatedObiject
IsNestedBy IfcRelNests RelatingObject
HasContext IfcRelDeclares RelatedDefinitions
IsDecomposedBy IfcRelAggregates RelatingObject
Decomposes IfcRelAggregates RelatedObjects
HasAssociations IfcRelAssociates RelatedObjects

10



Attribute Name Relationship Used For
2nd | evel Hierarchyz Object Level
IsDeclaredBy IfcRelDefinesByObject RelatedObjects
Declares IfcRelDefinesByObject RelatingObject
IsTypedBy IfcRelDefinesByType RelatedObject
IsDefinedBy IfcRelDefinesByi@perties RelatedObiject
2nd | evel Hierarchyz Object Type Level
HasPropertySets IfcPropertySetDefinition -
Types IfcRelDefinesByType RelatingType
3rd Level Hierarchyz Product Level
ReferencedBy IfcRelAssignsToProduct RelatingProduct
41t Level Hierarchy z Element Level
FillsVoids IfcRelFillsElement RelatedBuildingElement
ConnectedTo IfcRelConnectsElements

RelatingElement

IsinterferedByElements

IfcRelInterferesElements

RelatedElement

InterferesElement

IfcRellnterferesElement

RelatingElement

HasPrdections

IfcRelProjectsElement

RelatingElement

ReferencedInStructures

IfcRelReferencedInSpatial-
Structure

RelatedElement

HasOpenings

IfcRelVoidsElement

RelatingBuildingElement

IsConnectionRealization

IfcRelConnectsWithRealiz-

RealizingElement

ingElements
ProvidesBoundaries IfcRelSpaceBoundary RelatedBuildingElement
ConnectedFrom IfcRelConnectsElement RelatedElement

ContainedInStructure

IfcRelContainedInSpatial-
Structure

RelatedElements

HasCovering

IfcRelCoversBldgElements

RelatingBuildingElement

4rt Level Hierarchyz Spatial

Element Level

ContainsElements

IfcRelContainedInSpatial-
Structure

RelatingStructure

ServicedBySystems

IfcRelServiceBuildings

RelatedBuildings

ReferencesElements

IfcRelReferencedInSpatial-
Structure

RelatingStructure
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The IFCmeta-model is complemented by the four other types of open standardiefined by
buildingSMART 6ee in Figure 11). These standards are IFDthe International Framework
for Dictionaries (ISO 120063, 2007), IDM:the Information Delivery Manual (ISO: 294817

Part 1 &2, 2016), MVDthe Model View Definitions and BCF: the BIM Collaboration Frame-

work.

Data: IFC

Figure 11: buildingSMART basic methodology standards [19]

The IFD standardsprovide a foundation for the buildingSMART Data Dictionary §SDD.

This will collect the attributes and vocabulary for the things presented in the data transfer.
IFD acs as reference library which aims to support interoperability between software tools
used in the AECindustry. The IDM proposesa methodologyOEAO OAADPOOOAO

sively integrates) business process whilst at the same time providing detailatser-defined

specifications of the information thatneeds to be exchanged at a particular pointvithin the
b O1 E[20A 16 domparison, IDM proposes reusable, modular model functions whicissist

the developmentof further user requirements.

Functional Part (FP)

Exchange
Requirement (ER)

#

i

Concept MVD

Functional Part (FP)

Process Map (PM) .

Exchange
Requirement (ER) 4

4 Functional Part (FP)

P building

i

Concept

Concept =
MVD

MVD

IDM (IFC-independent)

MVD (IFC-dependent)

Figure 12: Framework for defining Exchange requirements  [21]

MVDs are used to define relevant subsets of the IFC data scheme which are required to sup-
port specific data exchange requirements of thAECindustry. MVD is a way to specifically

12

i AT A



indicate what data is required for a particdar activity in the AEC sector. MVDs are used to
develop software tools for a specific process in the industryrigure 12 represents the two
different parts of aframework for defining exchange requirements. The fst part explains
the components for a process controlled by the actors and exchange requirements associ-
ated with the specific process. The second part explains the interface between two different
software applications based on theneta-model schema. The BJ-collaboration Framework
(BCF) specifies an open standard XML schema that aims to enable workflow communication
between different BIM-tools [19].
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2  Building Energy Simulation

Building Energy Simulation(BES)is a methodology toassist engineers, designers and oper-
ators to provide more value on thecomfort and needs of building owners and occupants.
This simulation process is a method t@nalysethe energy consumption of building and
results from the analysis will help to make appropriate design decisions. Similarlythe de-
cisions regarding theoperation of building services systers are dependent on the outcomes
from the Building EnergySmulation.

BESprovides the information regardingthermal comfort, visual & audible comfort, ventila-
tion & indoor air quality, etc.and enables the designer to take appropriate design decisions
regarding the orientation, form and size of the building. BES is excellent for analyzing dif-
ferent type of building service systens which affect overall user comfort and the energy
consumption of the specific buildingIntroducing such energy simulations in the early de-
sign stages of the project can provide an opportunity to investigate more design solutions
that significantly improve the building energy performance. Sadt is recommended toper-
form building energy analysis from the early design stage of thauilding life cycle.

BES resultswill support the process of design and dimensioning the components of building
fabrics (wall, slab, roof, etc.)and building service system(HVAC) BES can alsbe used in
the period of building operation to determine the optimum operational schedule for build-
ing services system and optimum set points for the heating and cooling loads. In this redar
Building EnergySmulation can playasignificantrole in building design and operation. With
the aid of expert inputs, Simulation results can be used effectively to firide optimum bal-
ance between comfort, cost and efficiencyn this section different energy simulation mod-
els and their required input data atdifferent stages of the building life-cycleis described

2.1 Categorization of Energy Simulation Models

There are several types of energy simulation modelsisedto perform energy consumption
calculaions. All these models are categorized according to three major principlehey are
as follows.

1 Physical principles of energy (Heat) transfer
T Level of abstraction {ndicates the amount of model complexity
1 Time dependency of input variables

The categorizations of the energy simulation modelsare presented in Table 3 according to
the above-mentioned principles.
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Table 3: Techniques for Building Energy Simulation [22]

Physical Principles

Level of Abstraction

Time -dependency

Thermal Radiation

Mono-Zone Models

Steadystate simulation
Models

Conduction

Multi-Zone Models

Dynamic simulation Models

Convection/Advection

Zonal Models

CFDModels

2.1.1Based on Physical Principles

The thermal behaviour of the building fabric must be investigated by considering three
physical principles in the energy simulation model.

Thermal Radiation

This is the direct result from the motion of charged particles in the matter. This radiation
alsogenerates from the emission of electromagnetic waves. It represents the conversion of

thermal energy into electromagnetic energy) O AT AOT 8O0 OANOEOA 1 AOGOAO
ergy. Sunlightis one of the examples for the thermal radiatiofi23] .

Conduction:

Conduction or thermal transmittance (U-value) represents the transfer of heat within the
object or material because ofmicroscopic diffusion and collision of particles. This heat
transfer can happen in between two differenbbjectswhich are in contact with each other.
The inverse of conductivity is known as resistivity and also called asWwilue [23].

Convection:

This principle explains thetransfer of energy between bodies or materials by a matel
carrier (air or liquid ). This energy transfer happens either by bouncy forces of fluid resulted
from density variation or by the heatedfluid is forced by an external sourc§23].

2.1.2 Based on Level of Abstraction

The requirement of input data for energy simulation is dependent on the design phase of
the building life-cycle. If the simulation is at an early stage of the design, then the required
data is restricted tothe outer dimensions of the building and orientation. This lgel of ab-
straction will briefly explain the input data requirements for different models.

Mono-Zone Models:

Mono-Zone modelsrepresent the highest level of abstractionit meansthe lowest level of
details. Generallythis kind of simplified modelsare used in the early design stages for cal-
culation of the energyconsumption. In this modelthe whole building is treated asa single
box, which is enclosed byan external shell of the building. The whole space of the building
is considered asasingle zone i.e it is assumed that all facilities in the building are operated
under similar constraints. For the simulation of MoneZone models, material properties of
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the outer shell of the building and HVAC systemmust be specified. Because of the simplicity
these nodels are usedor simulating the buildings whose sparis over multiple hundreds of
meters. The frequency of the dmulationsis usually in the order of hours[22].

Multi-Zone Models:

These modelsare mostly similar to the Mono-Zone models in terms of modelling the outer
shell of the buildingand the building spaces areseparating into different modelling zones
usinginterior building components. The material properties of the shell and indoor building
components must be speciéd for energy simulation. Theconstraints for each zoneand the
parameters for the room conditioning and ventilation must be selectedl'hese simulation
models are used for the buildings whose spans are over multiple meters arsimulation
time steps aretypically in the order of multiple minutes. It means the time gap between
simulation to simulation is inthe order of minutes[22].

Zonal Models:

In this case a single space operated undersetof constraints is divided or decanposed into
multiple modelling zones.E.g. in a single room some amoumif space is accommodated for
machinery like printers, computers, etcand the other space iskept asempty. So here are
two different modelling zonesbut the single system isserving for two zones Another ex-
ample, to allow for the modelling of two distinctfaced type or opening of a distinct number
of windows. The specffication of boundaries conditions should be clear and in a consistent
way. Usually, these models can spaver multipl e meters Typically, simulatiors are com-
pleted in afew minutes [22].

CFDModels:

TheseCFD (Computational Fluid Dynamic) modes a micro level investigation. It provides
an option to model a single space witthigh granularity using a high level of data. The pu-
pose of thismodelling method is to analysesthe problem involving with the flow of fluids
and to simulate the interaction of fluidswith surfaces as defined by boundary conditions.
CFD analysis provides greater understanding of the airflow and heat transferring pro-
ces®es occurring within and around the building space$24]. These models are restricted
up to the microenvironments for simulation purposes i.e. individualworkspaceor a singe
room. Usually,such models can span over multiple meters. If requick simulation time steps
can be in the order of multiple second§22].

2.1.3Based on Time Dependency

The difference between steady-state anddynamic simulationis dependent on the input pa-
rameters. For steady-state simulation, all the input parameters are constant throughout the
simulations. For the dynamic simulations, the input parameters are varying over time dur-
ing the simulations.

Steadystate SimulationModel:

This has been treated as a simple method to perform energy simulations. In this simple
method, all the input parameters are averagedver a dedicated time period (e.g. annually)
and the calculations of the internal gains are simplified. For exampléhe weather details at
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a locationover ayear are averaged to peak heating and cooling loads. These peak loads are
applied tothe systemto perform simulations. Usually, this simple method isisedto perform

the design of heating systema(to increase the tanperature of the space or roomyuring the
coldestweather period. Becausef this coldest weather,the heating loadfrom the sun, oc-
AOPAT OOh 1 ECEOET ¢ affdct mMuchfoN e dedighof the heating System.
Based on this assumptiopsteady-state calculation methods were deemed to benoughfor

the calculation of heating loads.

Dynamic SimulationModel:

In this simulation method, the parameters regarding the wether data files, occupant pro-
files, and scheduled internal gains aréme-dependent These details are provided on much
shorter cycles (e.g. hourly)The dynamic simulation method isused to perform the cooling
load (amount ofload requires to cool downthe temperature of spaceor room) calculations.
For cooling load calculations, theomplex effects of heat transfer (conduction, convection
and radiation), hea storage (thermal mass of the material) as well as heat gains from occu-
pancy, lighting and equipment are always considered to design efficient and optimized cool-
ing system. Itmeansthe changeable conditions throughout thecooling period and even
throughout the day has been always acknowledged in the dynamic simulation models.

Table 4: Comparison between Steady -state and Dynamic simulation s[22]

Steady-state Simulations Dynamic Simulations
Calculations based on the estimated Allows for load variations over the pe-
peak loads riod of time
Design ofa systemfor the extreme Design of the system based on the
conditions hourly weather and occupancy data

Used for cooling load calculations
based on the scheduled building oper-
ations

Used for simplified heat gain calcula-
tions

Essential to perform cooling load esti-

Sufficient estimate for heating loads .
mations

Often leads to oversized sysims Optimized systems

2.2 Information Requirements

Figure 13 clearly represents the required information to set up the energy simulation
model, which is used to determine the energy consumption of the buildind-his section pro-
vides a general overviewof the required categories of input dataThe scope and thgranu-
larity of the input data are varying according to the type of energy simulation models as
mentioned in section2.1.
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Figure 13: Information requirements to set up the Energy simulation model
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Required information is categorized into 4 different parts. In which,

Environmental data

This group of data summarizeshe required information x EEAE AAOAOEAAO OEA
vironment such as weather data and site information. Generallthe location (longitude, lat-

itude and altitude) of the building is necessary to acquire the weather details like solar ra-
diation, wind speed, dry bulb and wetbulb temperature details. Environmental data also
includes the orientation and impact fromneighbour elements (uildings, trees, etc.) These

details are helpful toanalyzethe shadingzones ofthe building. Environmental data may

include information about soil, aquifer andgroundwater (water temperature).

Building data

This group of datasummarizesthe information regarding building core and shell details,

spaces, internalnon-bearing building elements and thermal properties of the materials
used for the @nstruction. Thegeometrical properties and thickness of each building fabric
are also included in this group of dataThe information regarding the spaces and about the
building elements which are sharing the spaces or zones are also included.

OccupantsData & PlugLoads

This group of data refers the information about occupant schedules in the specific spaces
and the information regarding thetechnical systemsoperated in specific zones such asa
computer, laboratory equipment, etc.

Building Services 8stem and operational schedules

This group of data specifies theervices systems like HVA&nd their operational schedules.
This can be including the required capacities of systems and thember ofterminal devices
for each system which isnstalled in aspecified zone

2.3 Level of Data Granularity

Table5 explains the data requirements and their levebdf granularity based on the different
energy simulation models. A mentioned in the earlier sections the data requirements for
an energy simulation would vary for the different phases of the building construction. Té
data requirements alsodependon the level of abstractions explained isection2.1.2 These
levels of abstractions determine the requiredevel of detail and granularity.Table 5 men-
tioned below is summarizing the required input information and proposedlevels of details.
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Table 5: Required Information and Level of Granularity  [22]
Element Mono-zone Multi -zone | Zonal Model CFD
Exterior walls Required Required Required Required
Architectural details ignored Ignored Optional Required
Windows Required Required Required Required
Statusof windows Ignored Ignored Optional Required
. Zone separa-| Only zone .
Interior walls Amalgamated P y Required
tors separators
- Per terminal Per terminal
Thermal energy Per circuit . .
device device
Splitinto Splitinto
. Total of en- P P
Electrical energy Per zone loads from loads from
ergy used . .
devices devices
Group of de- | Single (rele-
Plug-loads Per zone .p gle ( .
vices vant) device
Per work-
Occupants Ignored Per zone As group
space
Fixture, Furniture, . .
, Ignored Ignored Optional Required
Equipment
HVAC components Ignored Ignored Optional Required
Lighting components Ignored Ignored Optional Required
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3 Meta-Data Model for Data Sharing

A Meta-Data Model provides a comprehensive specification of information about AEC and
facility managementprojects. It canhold the information from all type of organizations
(such as architects, engineers, constructors and facility managemeimvolved in the pro-
ject and all stagesof the project life-cycle including initial requirements, design, construc-
tion, maintenance, and operationlt is more usualfor information to be exchanged about a
particular topic and level of detail ata particular project stage.This sectiondescribeshow
the information regarding the energy simulation model is organized and managed in the
meta-data models such as gbXML and IFC. Tregjuired information details for an energy
simulation is mentioned insection 2 of this document.

3.1 gbXML Schema

gbXML is aneta-data schema for the data interoperability between different software tools
in the AEC industry. Thigneta-data model is highly data enrich and capable of describing
500 types of the building elements and attributes. Tle below Figure 14 shows the
hierarchical structure of the gbXML schema and explains the orgation and managemat
of the information in the schema.

gbXML

S S S B R N

Document Window

Zone Campus Construction Layer  Material ~ Schedule L
’ History Type
L 1 Daylight " Week Day
Location  Building Saving Surface Schedule Schedule
Infiltration Space Building Geomerv Openings Construction
Flow p? Storey 7 PEInE: Type
v v

SpaceBoundary ShellGeometry

Figure 14: Hierarchy o f the information organized in the gbXML Schema

A sample schema for the gbXML is presented Appendix 7.1. There are differentcompo-
nents defined in the gbXML library tohold the information from respective architectural or
MEP modelsTable 6 below represents components and explaingheir characteristics and
the type of information carried by eachcomponent.Here,each component is defined by its
own Reference ld. The main concept of this Reference Id is to create an Identification for
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each component in the schema and tdefine the relationships between componentdased
on Reference Id

In agbXMLschema all buildng elements likeawall, floor, roof, ceiling, etc. arélefined asa
surface The surface component defines the geometry and constructiofor the building el-
emert. It also contains the informationregarding openingsin the element Thedetailed de-
scription about construction like layers in the element, material and thermal properties of
each layer are defined separately andelated to construction type in the surface component
based on theReferenceld relationship. Similarly, the details abouthe type of window or
door types are related to the opening usingreferenceld relationships.

The Buildingdcomponentin gbXML ¢efer to Table6) defines different levels in the building
(Building Storey) and spaceype details in each leel of the building.Spaceis defined by the
room bounding elements (surfaces: wall, floor, roof, etc.JThe bounding element of space is
defined by two nodes such as Shell Geometry and Space Boundary. Shell Geometry defines
the coordinates of the inner surface (towards space) and the Space Boundary defines the
Coordinates of the centerline of the bounding element. It means the difference between
these two node points is equal to the half of the thickness of the element. Butthe caseof
the internal wall or the space separating element, the centerline and both sides of the wall
are defined because thisnter nal wall is bounded by a space orits both sides The operating
schedules of spaces and the A A O b #che@uie©are defined separately and link tohe
spaces based on reference ID.

Table 6: Information organized in the gbXML schema

Component Characteristics Information carries

Units Type (Sl or imperial),
XML schema represents the Build| Unit ~ for  temperature,

bXML .
9 ing data length, area, volume and
version
Campus A group of buildings that are geo- Id, Location, Building, Sur-
P graphically similar face, and Daylight savings
: : : . Longitude, Latitude, Eleva-
Location Location details of a building . g .
tion, and Location name
Building type, area, name
Id, street address, Descrip-
Building One building data P

tion, Building Storey, infil-
tration and its Spaces

Airflow into the building due to | Describes Tight, loos and

Infiltration flow L
unwanted leakages medium infiltration flow
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Component

Characteri stics

Information carries

Space

A room defined by its own set of
Walls, Ceiling, and/or roof.Space
may be an office, conference
room, warehouse, or any other
entity

Space Id,Reference build-
ing Storey Id, Reference
zone ID, space type, Refel
ence light sdedule Id, Ref-
erence equipment schedule
Id, condition type, Refer-
ence occupants schedule Id
Area and Volume of the

space, name, description
Geometrical coordinates
(shell geometry, space

boundary), number of peo-
ple, people heat gain (Laf
tent & Sensible), light
power per area

ShellGeometry

Defines thecoordinatesfor the in-
ternal surface of walls (in terms of
boundaries of a space)

Id, Cartesian Point, Pol-
yLoop (set of cartesian
points which defines the
geometry)

SpaceBoundary

Defines centerline of a spee
bounding element and is rela-
tionship with the adjacent space.

Id, isSecondLevelBoundary
PolyLoop, etc.

Building Storey

Describes different levels (storey)
of building

Id, Level, Name

A wall, floor, ceiling, roof. Each

Surface Type, exposed t
the sun, Id, Adjacent space
ID, Reference construction

Surface space (or room) will have its own .
ID, name, details about con
set of surfaces .
struction type, geometry
and openings
Shape and position of surfacel Id, azimuth, cartesian pint,
Geometry . . . .
space and openings tilt, width (length), height
Opening t Id t
. Opening in a surface, such as Pening type, 1d, geometry
Opening description of opening,

door or awindow, etc.

width and height

Daylight Saving

This depends on the weather in g
region

Daylight savings are men-
tioned or not
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Component

Characteristics

Information carries

Zone

A group of rooms located in g
building that is served by the
same HVAC plant or VAV bo
Each zone may contain a group g
spaces (or rooms) that have their
own set of unique set of character-
istics such as similar orientation
or temperature set point.

Id, name, description, flow,
airflow changes per hour,
flow per area, flow per per-
son, outside air flow, Design
heating temperature, de-
sign cooling temperature.

Construction

The type of composite consuc-
tion (different layers) that makes
up a wall, roof, floor, etc.

Id, Uvalue, Absorption,
Roughness, Layer Id

Describes the material used in the

Layer Layer Id and Material Id
layer
Describes the properties of mate{ Id, Name, Rvalue, thick-
Material rials which are presented inlay- | ness, conductivity, density
ers and specific heat
Defines the yearly wised schedulg Id, Type,Yearly schedule Id,
Schedule for occupants, equipment and Begin Date, End Date, nam
lighting in a building space and week scheduled.
Defines the weakly schedule for
. ) Id, type, D hedule Id
Week Schedule | occupants, equipment and light- ype, bay schedule

ing in abuilding space

name

Day Schedule

Defines the daily schedule for oc
cupants, equipment and lighting
in abuilding space

Id, type, name and deedule
values

Document History

Details about the gbXML file

Id, company name, GUID
product name, created by,
etc.

WindowType

Defines the thermal properties of
the window

Id, Solar Heat gain coeffi-
cient, Uvalue, Angle oinci-
dence, etc.
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3.2 IFC Schema

IFC is an open data schemahich defines the specifications for data sharing (across all dis-
ciplines of AEC) between the technical applications, across the entire building liégcle. IFC
schema is inherently complex and broader to carry most of the exchge dataA BIM model
canbe equipped with enormous data relatedto all disciplines ofthe construction industry,
but all data is not necessary for aspecific business processFor this purpose, build-
ingSMART developed View Definitions (Model View Definidis) to reduce and filter the re-
quired information needed to be exchanged for a particular business procesghese infor-
mation requirements and its levelof granularity are determined bythe simulation method-
ology mentioned in the previous sectiorf.

In the present sectionthe IFC metadata schema for the information required to perform
energy simulation is described Based orthis specification, the data sharing process has
beencarried out betweenthe BIM model andthe BESmodel. IFC dataschema definesnfor-

mation regarding objects as entities and attributesThe etity EO A OA1 AOO 1 £ EI1 A&l O

fined by common attributes and its constraints as defined in ISO 1030partp p[@5]. For
example,lfcWall, IfcDoor, IfcObjecktc. are defined as entities in the IFC data scheni¥he
attribute EO A OOT EO 1 £ ET &£ OI AGEI T xEOEET Al

Oi A DAOOERASD] Rod exdrpl&if wkUconsider IfcObject is an entity, then
IsDeclaredby, Declares, IsTypedBy, agDefinedByare the attributes for this entity (same
as mentioned inTable 2). Figure 15 represents some of the IFC etities at different inher-
itance hierarchy levels, which carry the information regarding the energy simulation pro-
cess.Figure 15 represents information about elements which are belonging to théfcObject
entity, all these elementsare related to the different element types whictbelongto the Ifc-
TypeObjectThe properties of objects or elements areefined based on the objectype.
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IfcPropertvDefinition
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IfcSystem
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IfeSpatialStructural
Element
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IfcWindow

IfcVoidingFeature

IfcOpeningElement
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IfeBuildingStorey =

IfcOpeningStandardcase
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IfcRoof

{ IfcShadingDevice
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Figure 15: IFC based entities (Specifications) for Energy simulation data [15]
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IfeObjectDefinition
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IfePropertvDefinition

. RelatedObject IfcRelDefines RelatingType . .
IfcObject C (INV) IsTypedBy ByTipe (INV) Types IfcTypeObject |
HasPropertySets

(INV) DefinesType

iy

ilﬂ’chpem'Sea‘Deﬁnfﬁan J

Figure 16: Relationship between object and Object Type [15]

3.2.1 Spatial Structural Elemen ts

The decomposition of the spatial structure is shown irFigure 17 and it is the very basic
method to representall subsets (elements) in the project model according tthe spatial
arrangement. This method of decomposition of elements is very common to the many dis-
ciplines and design tasks for data exmnge. This spatial structure fcSpatialStructureEl-
emen consists of four subsets (refeFigure 15). They are as followsSte, Building, Building
Storey, SpaceThese subsetdefine the levels of the structure.All these spatid structure
elements are linked together by using objectified relationshigfcRelAggregates.

Figure 17 represents the decomposition of spatial structural elements for a simple project
which consists of two buildings. IfcProjectis an uppermost container of the information and
it provides Root instance to the exchange structur@.he IfcSiteentity in the IFC data schema
is used to provideinformation about building site. This building sitedetail includes (refer
Figure 18), (1) RefLatitude , RefLongitude and RefElevation to provide world latitude,
longitude and elevation of a pointwithin the site. Which is necessary to determine the
weather datawith respect toa specificlocation. (2) LandTitleNumber , whichis used asa
reference number to identify the site.(3) SiteAddress, which indicates the address of the
site and mainly used for information purpose only{16] .
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Rislated Objects

FalatingCbject
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RelatedObjecls RelaledObgects

=

Figure 17: Spatial structure element ¢ omposition [15]

The represented multistorey building in Figure 17 is used as a model to explairthe
decompositionmethod. Each building (inFigure 17) having different storeys, which are de-
fined properly in the IFC data schema usinthe decompositionmethod. Generally, Building
is represented adfcBuilding, which provides the additional information about building and
is associated from the sitelfcBuilding provides areferenceto the IfcBuildingStorey Like the
site, building entity also includesadditional information such asElevationOfRefHeight , El-

evationOfTerrain,

and BuildingAdress (Attributes). Building storey is represented as

IfcBuildingStoreyin IFC schema and iincludes only the information about different storeys

28



of the building such as level of the storey. TEhbuilding storey acts as a reference to the
spaceswhich belongsto that building storey. In the aboveexample each building storey is
accompaniedby different spaces.

IfcProject

RelatingObject

IfcRelAggrigates

|

RelatedObject

LandTitleNumber (INV) Decomposes RefLattitude | I[fcCompoundPlaneAngle
IfeLable Measure
: RefLongitude
IfcSite
Ifc PostalAdress SiteAddress Q FefElevation

{ IfcLengthMeasure

RelatingObject
(INV) Decomposes

IfcRelAggrigaftes

RelatedObject

Iﬁ'BuIding

Figure 18: IfcSite entity in the IFC data Schema [15]

As similar to the Site, Building, and Building Storeyhe building Space is represented as
IfcSpacen the IFC data schema, issed to provide the area and volume dhe room bounded
by elements. ThelfcSpacedefines the attributes to provide further information about the
building spaces such adollows

T Name, which holds the unique name tepace
1 LongName, which the full name of he space.
1 ObjectType, which holds the space type

Space boundary: space boundamjefines thephysical or virtual separators forspace It ex-
plains the relationship between space and its bounding elements such as wall, floor, roof,
window, and door. The oljectified relationship IfcRelSpaceBoundings used to link the
bounding elements tospace which is clearly represented in the belowigure 19.
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IfcRoot |

{ffﬂbjﬂd_{)@"mma%

IfeObject |

{ IfeProduct

-

1

IfeSpatialElement |

i

i,

l

IfcExternalSpatialStructuralElement J l IfeSpatialStructuralElement J

IfcExternalSpatialElement ‘

L]

{

Relating Space
(INV) BoundedBy S[0:7]

/’/
/

( - | RelatedBuildingFlement /’jﬁl‘Re.’Spa&e RelatingSpace [ - |
IfcElement C (INV) ProvidesBoundaries Boundary (INV) BoundedBy S[0:7] ? IfcSpace J

S[0-7]

Figure 19: Space boundary relationship between Element and Space[15]

3.2.2Concept of Zone

IFC schema defines the zone #fisZoneand it isa subtype of IfcGroupas shown inFigure 20.
Zone represents the single or set of spaces in the building considered togethor the pur-
pose of providing engineering services. For example, lighting zones, HVAC zones, Heavy
plug load zoneoccupancy zoneetc. The zone name is defined by using the attribute called
LongName. Figure 20 represents the ohectified relationship IfcRelServicesBuildingp link

the zone and space.
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_l—

{ IfcObjectDefinition J

IfcObject
| IfeGroup | IfcProduct
N
~ . ) ThRelS: \ .
IfeSystem O FelatingSystem [fcRelServices FelatedBmldings

(INV) servicesBuildings ., _B‘yjli'g’f;jg // (INV) servicedBySystems '] xjf'cSpaﬁm.E!emem'
d

S[0:1] 5[0:7] l
,
\\/ I IfcSpatialStructuralElement

" g

—

!

1 1

{ IfeBuildingSystem ] l{}"c‘Dfm'rbuﬁmr.S:rsrem IfcZone | l

IfcStructural
AnalysisModel

| | I 1

IfcSite } l.ﬁrﬁmfdfng IfeSpace IfeBuildingStorey J

Figure 20: Objectified Relationship between Space and Zone [15]

3.2.3 Building Element

All the tangible elements (objects) of thduilding such asawall, roof, window, door, etcare
accommodated as subsets dhe IfcBuildingElemententity in the IFC data schemdrefer in
Figure 21). IfcBuildingElementProxys the only subtype which is not belonging to théuild-
ing objectslist, but it provides the samefunctionality as subtypes ofifcBuildingElementand

it is used to define the special type of the building element which is not mentioned in the
subtypes list of thelfcBuildingElment Each subtype furtheracoommodateswith different
attributes and each of thesubtypes inherits the attributes and relationships from thelfcEl-
emententity . Spaces in the buildingare defined by the building elementsFigure 21 explains
the objectified relationship between the building elements andspace This relationship is
used to definewhat are the building elemensrelated to a specific space in the building.
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‘ Iffﬂ’f}rdva | IfeDoor J IfeRoaf J l IfeSlab ||Ifc‘5‘hadﬂrnguz're

—C[ IfcBuilding ElementProxy

Figure 21: Objectified Relationship between Space and Element [15]

3.2.4 0Opening and Filling

IfcOpeningElemenis a subset offcElement whichforms an opening or void within another
element. It means the opening is defined as an element in the IFC schema and which is
placed or related toother elements such aswall, slab, roof, floor, etc. in the buildingThe
three features of the opening element are,

i Defines the element which creates the voids
9 Defines the element which fills the void
1 Openings representation
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The relationship betweenthe opening elementandthe element which is voidng is provided
by IfcRelVoidsElementNow an opening element is placed in the element whialeedsto be
voided. This openingmay be closed by another element such aswindow or door. In this
case the relationshipJfcRelFillsElements used to link the opening element anthe element
which is going to fill the openingFigure 22 shows the relations between elements and open-

ings.
| IfcRoot
| IfcObjectDefinition ‘ | IfcRelashionship ‘
| IfeObject ‘ | IfRelConnects ‘
( ] RelatedBuildingElement :
| IfcProduct ‘ (INV) Eall=Vouds s[0-1] IfRelFillsElement
IfcElement [ RelatingBuildingElement | IfRelVoidsElement
(INV) HasOpenings s[0:7] ' El=
==
27
= El=
i 2 ==
IfcBuildingElement | | IfcFeatureElement E % Al
. 4 .. I o = '_-E_ ‘E' E
e EE
1 1
- p . - - L] Rt
' HCFea.rn}'aEfemem} . | IfeFeatureElement =
Addition {feSurfaceFeature Substraction |
‘ IfcVoidingFeature | IfcOpeningElement 0———

'{}"cOpeim;éSa‘mrdnrd'
Case

Figure 22: Relationship between b uilding element and opening [15]

Fillings are usually defined as door and window elements in the building construction.
These objects are represented ascDoor and IfcWindow in the IFC data schema. To place
these elements wihin a wall or other element requires the existence of ampening. The
figure below represents thefilling elements, their types and the properties of those ele-
ments based on the type. Generally, element type helps to aggregate the properties of the
element
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Figure 23: Relationship between Filling element and properties  [15]

The entities IfcDoor and IfcWindow define the position of thefilling element relative to the
opening, opening direction of theifling element, overall width and height of the filling ele-
ment and individual geometric representation. Theobject type entities IfcDoorStyleand
IfcWindowStyledefine the name and description of the style, operation type, and construc-
tion type (only the information). The property entities IfcDoorLiningPropertiesand IfcWin-
dowLiningPropertiesdefine the depth andthickness of the panel andnullions, and transom
parameters, if applicable. ThefcDoorParelPropertiesand IfcWindowPanelPropertieslefine
the depth and width of the paneland operation typeand position of the panel [16] .

3.2.5Geometry and Placement

Figure 24 shows the IFC data schema representation for the building object geometry, place-
ment andtheir relationship. The geometric representation and the object placemerare de-
fined atIfcProductlevel, so the sameprinciple is equally applied forall subtypes.Therefore,

a single concept of thegeometric representation and placement is applied thraghout the
whole IFC schema and ithe samefor the IfcSpace, IfcWall, IfcFlowSegmertifigFurniture,
IfcOpeningElement, IfcProxy, etc.

The placement of an object iseferred as IfcObjectPlacemenin the IFC data scheme. This
placement is carried out eitherby absolute (relative to the worldcoordinate system) or rel-
ative (relative to the object placementof another product) or constrained (relative to the
grid axis) coordinate systems.The object placement defines the objeatoordinate system
as either two-dimensional axis placement ifcAxis2Placement2Por three-dimensional axis
placement (fcAxis2Placement3P The very common way of defining the object placement
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based on relative ceordinates systemsis by using IfcLocalPlacemen{refer to Figure 24).
The IfcGridPlacementlefines the placement of an object relative to the grid intersections.

ObjectPlacement

[ IfcProduct [ IfcObjectPlacement }

F.epresentation l
) \ i_[ef:r?e]semanom IfeGridPlacement H IfeLocalPlacement l
IfcProductRepresentation | ) ’ ’
(INV) OfProduct
Fepresentation )
5[0:7] RelativePlacement
p - N
Ife ProductDefinitionShape | [ IfcRepresentation }— ‘ {ff.i.&'is]anfemm.r]
( 1 IfcDirection
| IfcShapeModel | [ IfeStvleModel J _ _
| 7| |2
! !
-

IfcShapeR .f."HIT.i"R.'. t!‘:" : \
| [feShapeRepresentation | |IfcTopologyRepresentation Ifevis2Placement3D

| IfcRepresentationltem
[ Ifc GeomertricRepresentaiion
A
. S

[ IfeDirection | [ IfcPoint IfcPlacement

l IfcTopological Representation

s

IfeCurve

[ J [ ﬁcVeCmr'] IL-{?E'S:H_'}’MQ

J

Figure 24: Geometric representation and Placement of an Object [15]

Representation of an object is associatedith the product representation (see Figure 24).
This provides a referenceto the different geometric representations of an object. All geo-
metric representations of the praduct are defined within the object placement which pro-
vides the objectcoordinate systems.An element defined as a subset dficProductmay have
different geometric representations, all these representations adin objectshould bedefined
in the same objet coordinate system.Each of thelfcRepresentatioror IfcShapeRepresenta-
tion are identified by using representation items (fcRepresentationlteri. There are three
ways to define the represenation of the elements

1 Geometric representation
1 Topological representation
1 Mapped representation

The shape representation of the object is carried out by usinfcGeometricRepresentation
entity.
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3.2.6 Properties of Elements

IFC schema defines most of the information abowtn object in terms of attributes and the
relationships between attributes. There are many types of information thaa user might
want to exchange thatare not currently included within the entity. For this purpose, IFC
developed a mechanism called Property definition, which allowdefining expandable prop-
erties with objects.Figure 25 is representing two different waysof defining properties for
an object. One is based on the type of object and another one is based on the oldjeth by
using objectified relationships. The usual wayof defining the properties is based on the ob-
ject type but for the objectwhose object types are not available, propertiesare defined
based on relationships.

In this methodology, the objectified relationship(lfcRelDefinesByTypes used b link the
object with its object type, which isdefined by a set of propertiesThe set of standard values
defined in the IfcPropertySetis shared across multiple instances of that clas$he IfcProp-
erty subsets(Figure 26) allow for the definition of different property values within the pri-
vate copy of thelfcPropertySefor each instance of the clas3.he IfcPropertySetclass accom-
modates all sets of properties.It must contain at least one property and may contain as

many as necessary

w B
&
23 £z
= £ =
IfeObject Se = f;;f’;?;f:”e ZE ¢ IfeTypeObject
~ S5 S
cH €=
RelatedObjects
(INV)IsDefinedBy
IfcRelDefinesByProperty
RelatingPropertyDefinition HasPropertySets
(INV)PropertyDefimitionOf (INV)DefinesType
| IfcPropertySet IfcPropertySet
HasPropertySets HasPropertySets
(INV)PartOfPset (INV)PartOfPset
IfcProperty IfcProperty

Figure 25: Objectified Relationship between Object and its Properties  [15]
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Figure 26: Definition of IfcProperty [15]

Figure 26 shows all the subsets belongs to thécPropertyclass.This IfcPropertyis the com-
mon supertype for all the properties in the IFC data schem#écPropertySingleValuas the
most usedconceptto carry the properties of an objectAn IfcPropertySingeValueentity car-
ries either a nameand value pair or a name, valuand unit triplet [16].

3.2.7 Material Definitions

This section describes theelationship between building element and its material proper-
ties. Figure 27 shows the IFC specifications for the definition of element material parame-
ters. The material parameters are related to the building elements using material associa-
tion relationship and which allows assigningthe same material definition tomultiple sub-
types oflfcElement.Here, the entitylfcMaterial is used in case of a single solid material and
represents the materialcharacteristicsof the elementsTheentity IfcMaterialLayerSetUsage
is used in case of layered elementand which represerts the positioning of the material
layer set(lIfcMaterialLayerSe} with respect to the reference axis or surface. ThécMateri-
alLayerSetis associated withlayers (IfcMaterialLayer) with different material in each layer
and defines the positioning ofan individual layer. IfcMaterialLayer defines the parameters
(like thickness and material for construction) of a single layer of an element which is con-
structed of a number of layers.
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Figure 27: Definition of Material Parameters to Element [15]

3.2.8 Schedules Definition

The term schedules in the Energy Simulation Model represents thteccupants schedule,
building operation schedules, load schedules, terminal device schedules, etc. Tie®Vork-
Calenderentity defines all these schedules details in terms of working and neworking
hours in the IFC schemaFigure 28 clearly explains the IFC specifications for defining the
schedules on energy simulationHere, the entity IfcWorkTime represents the time period

for the start and finish of the specific work and also references the Recurrence patterns.
Sometimes this entity defines the set of time periods which indicates the exception of work-
ing times. The recurrencepattern is ass@iated with x | OE OEI A AT A AAEET AO
time period on the basis of regular recurrences such as each Monday in a week, or every
third Tuesday in a month and the frequency of usage of Day Component. Position, and in-
OAOOAT AADAT AAT O i [15].0kekntig)kReOudréndePatdireicany BxA 6
plains about the start and end time of work in a day, on which day the work is going to
happenand the recurrence type (either weekly or monthly).
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Figure 28: Schedule definition based on Work Calendar (& Recurrence Pattern)  [15]
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Figure 29 represents the definition of schedules benergy simulation based on the Time
series patterns. IfcTimeSeriescontains a set of timestamped data entries. It means a
collection of data associated with different time intervals. This time serig is be either reg-
ular (IfcRegularTimeSerigsor irregular (IfclrregularTimeSerie$. In a regular time series,
work is carried out in a regularmanner and at predefined intervals. IfcTimeMeasurds as-
sociated with IfcRegularTimeSerieand defines the timestep (period of the interval between
work). In irregular time series, work will happen atan unspecifiedpoint in time and mostly
cannotbe characterized by a repeating pattern.

—| IfeObject

SR . W

{frObj ectDefinition

RelatedObjects
(INV) HasAssipnments 5[0:7]

IfcReldssigns

l

|Iﬁ'ReFAssf gnToControl

1

IfcConirol

. Decomposes
IsDefinedBy --Ifc‘Per;fm'mmrceH:’sm:ﬁ'}?—‘

{ IfcReldgeregates ]
[LfcﬁﬂfDeﬁnesBerpem'

A Y
. - .
RelatingPropertyDefinition \—4_{& WorkCalendar

IfcPropertySet }M&'—c IfeProperty - I -

—I— [ IfcWorkTime
IfcStmpleProperty [J}*’&'Recr;manum‘rem }
i PropertyReference | RecurrenceType Occurences
IfcPropertyReferenceValue }—l ] -
’ IfcRecurrenceTvpeEnum J 3_-3 IfcInteger
IfeObjectReferenceSelect - 2 —

)

[ IfcTimeSeries ‘ IfeTimePeariod
I StartTime EndTime
A 1 [ |

[ IfchrregularTimeSeries J [ IfcRegularTimeSeries l IfcTime ‘ IfcTime ‘

Figure 30: IFC schema for Schedule definition on En ergy Simulation [25]

Figure 30 representsthe new methodology to define the schedules usirntpe IFCschema in
energy simulation proces®s In this method, the entitylfcObjectis at the top level of the
concept hierarchy and schedulesor a specific processare defined at this entity. By using
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this method, the spatial elements of the building caassign to thelfcPerformanceHistoryia
the IfcRelAssignToContrakelationship. This IfcPerformaceHistorycan be related to the re-
currence pattern usinga work calendar as shown inFigure 30 and also can relate to the

regular and irregular time series using property set. This method carallow representing
the detailed schedules of an dity [25].
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4  Demonstration of data sharing between Revit and IES<VE>

This sectiondescribesthe datasharingbetweenaBIM tool and an Energy PerformanceSim-
ulation tool for complex energy simulatiors (classifications are mentioned in sectior?) us-
ing IFC & gbXMLlas an interoperable file format. The intention of this demonstration is to
investigate the following,

1 Level of data sharing (quality of data is going teransfer) between BIM andBES
based on the data requirements to setip an Energy Simulation Model,

1 Adoption or implementation of meta-model data schemasn a BIM tool (Revit) for
data export,

1 Capability oradaptability of the energy simulation tool (IES<VE>to import the data
from gbXML and IFGile formats,

1 Additionally, analyzeand identify modelling errors in the BIM model by usingModel
Viewer tools.

The BIM modelis created using Autodesk Revit 2019 and the sammformation model is
imported to IES<VE>2018 (Integrated Environmental Solutions <Virtual Engineering>) an
energy analysis tool by using gbXML or IFC data schemashe following steps are carried
out to addressthe investigations mentioned above,

1. adetailed description of data transfer methodology,

2. qguidelines for the successfuimplementation of datatransfer to IES<VE>,

3. acomplete description of modelled data in Revit,

4. verification of exported data (from Revit to gbXML or IFC) using model view check-
ers,

5. investigation of data in IES<VE>, which is importeiom gbXML or IFC

4.1 Test Methodology

The demonstration of data sharing is carried out based on two interoperability file formats
such as gbXML and IFEigure 31, represensthe methodology (the sequence foperations)
for data sharing between Revit and IES<VEX*or the purpose of data sharing demonstra-
tion, complex types of energy simulation modelsare selected, such as Mtikzone modeland
Dynamicsimulation model (mentioned in section2). The required data for these simulation
models are selectedfrom Table 5, which explains thelevel of data granularity for each sim-
ulation model.

Initially, the BIM model is created in Revit 201%nd isincorporated with all required infor-
mation to set-up acomplex type of energy simulation model. The comprehensive BIM model
is exported from Revit to the gbXML and IFfile formats (meta-data model schemas). These
two interoperability schemasactasaneutral file format for the modelled BIM data and pro-
vide an access for softwarapplications to import these data.
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Figure 31: Methodology for the data sharing between BIM and BES

The gbXML file is now imported by the model view checker called AgoggbXML viewer
and similarly, the IFC file is imported by SolibriModel Viewer. The purpose of the model
viewer is to identify whether the model data has been exported to interoperability file for-
mats correctly or not. These viewertools represent the BIM model as a virtuamodel or
analytical model, which is the same representation used in the end software IES<VE> for
energy simulation. This helps the user to rectify the modelling errorsin the initial stage of
the datasharing process These model viewertools provide the information regarding miss-
ing ertities, issues and reportsThis information is helpful to modify the BIM model accord-
ing to the model viewer representation to rectify errors. Solibri enables the user to verify
and understand how themodelled data is read ly the IFC schema and how it is represeedl.
This understanding will help the modeller to model the information in afavourable way for
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successful export.The model viewertools should be authorized byrespective organiza-
tional bodies. AragoggbXML viewer, which is certified by Green Building XML and Solibri
Model Viewer, whichis certified by buildingSMART international.

After performing the verifications and modifications, the verified IFC or gbXMftile is im-
ported by IESVE> forthe purposes of energy sinmulation. Further verifications regarding
the data quality and correctness are performed in IES<VE>.

4.2 Guidelines for data transfer to IES<VE>

The Integrated Environmental Solutions(IES) Limited organization provides some im-
portant guidelines for the succesful implementation of data transfer between Revit and
IES<VE> These guidelines are explained in @ocument named A CBIMD+ Building Perfor-
mance Analysis Using Revit and IES Virtual Environmenfl3]. These guidelinesmainly

help to reduce the user modelling errors and explains how the |IEtgeats the modelled in-

formation. This section mainly focuse on the necessary information i{n terms of checklist
and data organization in IE¥$that need to beverified before the start ofthe data transfer

process.

4.2.1 Checklist for data sharing between Revit and IES

a) Room:

Room or space must be definefibr all areas of the buildingn the BIMmodelto createafully
enclosed building.Room or space is composedf different adjacencies (Roof, Groud Floor
Slab, Floor, External wall, Internal wall, etc.)ES will understand the function of adjacencies
based on the placement of the Roonfror example, in IES, an external wall is a vertical sur-
face that is not in contact with an adjacent room on oneds, internal wall is a vertical sur-
face that is in contact with adjacent rooms on both sidesround Floor Slab is a horizontal
surface that is not in contact with any room below, Roof is a horizontal surface that is not in
contact with any room above.The type and purpose of each elemenshould be assigned
correctly in the Revit based on this understanding. IES is a virtual environment, it will treat
all elements as a 2Bsurface element (efer to section3.1).

b) Room Bounding Ele ments:

Room bounding elements are the elements which are bounded by room or spalteshould
be notedthat the bounding element option in Revit shoulde enablal for all elements which
are surrounded by space or room.

c) Define all Upper and Lower Boundaries :

It should be noted that theindication of the levels(which indicates the storeys in the build-
ing) for each floor must be integratednto the BIM model. IE$rovides surface element ex-
actly at the position of levels and the volume calculations are perfored by considering the
difference between these levels.

d) Project Information:
The optionO0 OT EAAQO ET Al fdokrtokates tibe inbimatdriréyarding project
location, Energy settings and Building Identity data. Location of the project is the most
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important criteria to perform energy performance analysis. The IES will redirect the
weather data on the basis of location details and this weather data is used for calculations.
The Energy settings option carries the information of building type, postalade, ground
plane, project phase, andiver Space Tolerancd-urther details about these options willbe
explained in the coming sectionslt should be checked if all energy data are defined accu-
rately or not.

e) Room Volume Computations:

The room volume céculations in Revit before exporting to IEShould be performedand the
same should be verified with the IES model after export. This will help to understand
whether IES is designinghe systems for accurate data or overwhelmed data.

f)  Tryto reduce the siz e of the model:

The elements which are not necessary should be eliminatedhis will help the reduction in
the size of the file.

4.2.2 Data Modelling in IES<VE>

The intent of this section is to explain how the energy analysis data is accommodated in
IES<VE>application. Understanding this data accommodation in IES will helghe user to
easily identify or investigate the missing entities during import and exportoperations. Fig-
ure 32 shows the methodology for information modelling in IESfor different analysis pro-
cesses.

Energy Simulation

|
v

Building Templates

|
' ! !

Construction Thermal Profile MacroFlo
¥ ¥
MUd|E‘HT Simulation
Geometry  Omentation Physical Location SunCast Radance Apache CFD
Steady-state simulation  Dynamic simulation

Figure 32: Data organization in IES<VE>

a) Modell T z Model Builder :

ModellT is a model building component integrated with many drafting tools and editing
tools in the IES softwareModellT is amodule in IES to create and manage the geometry of
the building. This module provides an interface to create and edit geometry (of bding
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spaces or rooms building elements, local shadings, and openings) tepresent the simple
building models or very ddailed full building models. Similarly, this module provides the
location details of the building site(which helpsto acquire the weather datg andthe orien-
tation of the building with respect to True North(which helpsto know the sun path direc-
tions with respect tothe building). The detailed information regarding the ModellT module
is explainedby the IES user guide namiasO- 1 AAT ) 49 - [26§A1 AOQEI AAOo

\ Geometry

building spaces localishadi openings (door,
(m%mr)) ‘ \ e s window, etc.)

building elements
(wall, floor, etc.)

Location

Weather data ‘ Sun path

Figure 33: Components of Modellt module i n IES<VE>

b) Building Template Management:

The concept ofbuilding template managementmodule is to create the construction types
and thermal profiles for the building model in IES and assign the same to the respective
building elements and space typed:igure 34 represents all the respective components re-
garding the building template management module The construction detailstemplate in
the Building template management will explain about the materials detail¢Building mate-
rial and its material properties) and layers arrangementno of layers and thickness of each
layer) in the building element.The thermal profile templatesare related to each space type
mentioned in the building and whichare variable for different space types and all compo-
nents aretime-dependent The major components involved in theéhermal profile templates
are Air exchange (describes the details about natural ventilation aralixulary ventilation),
Occupants dataOperational hours of the building, Internal gans due to Lighting, people,
equipment in the building, and details about building services system (HVAC).
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Figure 34: Information regarding Construction details and Thermal profiles in IES<VE>

c) Opening details:

Thedetails mentionedin Figure 35 for the openingsare required to perform the (Macro Fl9
bulk air flow simulations in the IES.This simulation is performed to analyze the infiltration
(unwanted air movement through the cracks or holes in builthg element) and natural ven-
tilation in buildings. The module called MacroFlan IES is used to provide opening details
to model and to calculate the bulk air movement in and through the building, driven by wind
and buoyancy induced pressurg27].

Openingdetails

|
[ I 1 I ] ‘
operating % of openable
schedule Elacks area ‘

Exposure type [type of opening

Figure 35: Required Opening details for Energy Simulation in IES<VE>
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4.3 Modelled data in Revit (BIM model)

A Three-storey Smple Office Building (Figure 36) is considered for the denonstration of
data transfer betweenthe BIM model andthe BESmodel. The BIM model which is incorpo-
rated with all the necessary information required for energy simulation is modelled in Au-
todesk Revit 2019.The building had been uniform geometry a represented in Figure 36.

fCt Base Pomt
Hiared Sie:
& HNIS -9025.0
ENVY -14326
Ekew 0.0
Angls to True North  320.00°

Figure 37: Site-Plan for the Office Building
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Figure 37 showsthe SitePlan for the Office Building which includes the base point and site
survey point of the building. The orientation of the building is considered as 320 degrees
with respect to the True North. The locabn details for the buildingare considered asNirn-
berger Strafl3e 31A, 01069 Dresden, Saxony, Germany.

4.3.1 Model Construction

Each floor of the building isdivided into three separate rooms and eery room has been
assigneddifferent spaces and space typs. The floor plan of each level ithe building is
shown in Figure 38, Figure 39, Figure 40 respectively. The model is constructed in Revit by
using different Revit families.Relevant or similar families are used toconstruct different
building components like walls, roof, floor, etc. and all these components are interconnected
to avoid air gaps and overlapsRevit provides a number of default constructions for each
building component, but it also allows the user to define own maerial, properties, layers
and thickness.These construction details and material information of tle model were de-
fined in Revit as summarized inrable7.

O

— =

I -
Manager Room @

Customer Lobby i 5

S—"]

]] Stocks Room

5 o

Figure 38: Floor Plan at Level -1 (Ground Floor) z Office Building
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Figure 39: Floor Plan at Level -2 z Office Building
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Figure 40: Floor Plan at Level -3 z Office Building



Table 7: Construction Details and Thermal properties of B

uilding Elements

Element Parameter Value
External Wall Thickness 317.5 mm
(Construction
Type: 101.6 mm Thermal Resistance (R) 0.402 me.K/W
Brick + 203.2 mm

! Thermal Mass 41.91 KIK

Concrete + 12.7
mm Gypsum wall
Board)

Heat Transfer Ceefficient (U)

2.4879 W/m2.K

Internal Wall
(Construction
Type: 15 mm Plas-
ter Board + 40 mm
Cavity + 15 mm
PlasterBoard)

Thickness 70 mm
Thermal Resistance (R) 1.6588 me.K/W
Thermal Mass 3 KJ/IK

Heat Transfer Ceefficient (U)

0.6028 W/m2.K

Parapet Wall Thickness 90 mm
(Construction Thermal Resistance (R) 0.1667 m2.K/W
Type:

) Thermal Mass 10.89 KJ/K
90 mm Brick, com-
mon) Heat Transfer Coefficient (U) 6 W/m2.K
Door Type 1 (Ex- width 1800 mm

terior)
Height 2000 mm

French door, wood
frame with double Thermal Resistance (R) 0.3374 m2.K/W

glass

Heat Transfer Coefficient (U)

2.9639 W/m2.K

Door Type 2 (Ex-
terior NE side)

Metal Frame with
single clear glass

width 900 mm
Height 2000 mm
Thermal Resistance (R) 0.1525 ne.K/W

Heat Transfer Coefficient (U)

6.5580 W/m2.K

Door Type 3 (In-
ternal Door)

Hollow core wood

width 750 mm
Height 2000 mm
Thermal Resistance (R) 0.3145 . K/W

Heat Transfer Coefficient (U)

3.1796 W/m2.K
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Element Parameter Value
width 450 mm
Window Height 1100 mm
Double glazed Visual Light Transmittance 0.81
domestic, single
hung Solar heat gain coefficient 0.76
Thermal Resistance (R) 0.3196 me. K/W

Heat Transfer Coefficient (U)

3.1293 W/m2.K

Ground Floor

200 mmsand+
200 mm Concrete
castin site + 12.5
mm Damp proof-

Thickness 412.5 mm
Thermal Resistance (R) 0.7991 me. K/W
Thermal Mass 52.74 KJ/IK

ing Heat Transfer Coefficient (U) 1.2514 Wim2.K
Intermediate Thickness 225 mm
Floor (Slab)
Thermal Resistance (R) 0.226 me. K/W
12.5 mm Plaster +
200 mm Concrete Thermal Mass 31.60 KJ/K

castin site + 12.5
mm Damp proof-

Heat Transfer Coefficient (U)

4.4134 W/m2.K

ing
Roof Thickness 217.5 mm
155 mm Insulation Thermal Resistance (R) 6.4531 me.K/W
+ membrane + 50
mm Cavity + 12.5 Thermal Mass 1.74 KJ/IK
mm Plaster Heat Transfer Coefficient (U) 0.155 W/m2.K
Area 113.846 n?
Room 1
Perimeter 58870 mm
Customer Lobby
Volume 429.768 ms
Area 16.774 me
Room 2
Perimeter 17790 mm
Stocks Room
Volume 63.323 s
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Element Parameter Value
Area 16.774 me
Room 3
Perimeter 17790 mm
Manager Room
Volume 63.323 B
Room 4 Area 81.884 nv
Study Hall Perimeter 46730 mm
Volume 309.110 m#
Room 5 Area 28.264 me
Student Room Perimeter 24225 mm
Volume 106.697 nB
Area 37.066 n?
Room 6
Perimeter 27542 mm
Student Room
Volume 139.923 n®
Area 119.921 n?
Room 7
Yoga or Audito- Perimeter 54912.5 mm
rlum Area Volume 419.722 ¥
Area 13.844 me
Room 8
Perimeter 15790 mm
Wash Room
Volume 48.455 mp
Area 13.895 me
Room 9
Perimeter 15747.2 mm
Wash Room
Volume 48.634 m8




4.3.2 Energy Model Preparation

Apart from the construction details assigned to buildingelementsin Revit, the details re-

garding energy settings,space types andzones are required to performan energy analysis

of a building. Table 8 represents the details of location, the orientation of the building and

energy settings for the building based on the building typdt includes information regard-

ing different spaces andspace types, whichare assigred to the building area The table be-

low also explains the information related to the differentzones, which are assigned to a set

of spaces in the buildingEnergy settings of the building are defined in the Revit Model using

the ProjectInformation option in Managetoolbar. Inenergy settings, Sliver Space Tolerance

AAEET AO OEA O1T AOOI x AOAA AAODOAAKT BUA#RBOAT ARRODOE
Analytical Space Resolution defines th&ninimum gap between elements hat will be ig-

TTOAA ET AOAAOET ¢ OE A29] AndAnalytizal Sukfhce Rebolutbolis ODAAAO&
indicatedasO2 AOT 1 OOET T O1I A1 1 A0 OEAT OEEO O&d.0A xEI I
The default values forthese three parametersare consideredas per therecommendations

of Autodesk Revit for a balance of simulation accuracy and processing tif&9] .

Revit provides a number of default space types for the budings and each space type are
defined bythe different number of specifications. These specifications are editablérefer to
Table 8). The space types mentioned in this example are considered from some of default
space types andts specificationsare pre-defined in the Revit(e.g. Area per person, sensible
heat gain, latent heat gain, light and power loads, schedules, et&imilarly, default zones
are assigned to different set of spaces. The details regardiegergy settings, spgce types
and zones of this model were defined in the Revit as summarizedTable 8.

Table 8: Revit - Energy settings, Space Typesand Zones for Office Building

Element Parameter Value/Type
Location Nurnberger Str. 31A, 01187
Dresden
Orientation 320 degrees
Analysis Mode Use Building Elements
Ground Plane Level 1
Project Phase New Construction
Energy settings Analytical Space Resolution 457.2 (Default)
Sliver Space Tolerance 304.8 (Default)
Analytical Surface Resolution 304.8 (Default)
Building Type Office
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Element

Parameter

Value/Type

Energy settings

Building Operation Schedule

12/5 Facility

Building Services System

VAVZz Single Duct

Outdoor Air Information

Outdoor Air Per Person:

8 L/s
Export Category Spaces
: C I ith Mulli d
Export Complexity omplex wi ullions an

Shading Surfaces

Building Envelope

Use Functional Parameters

Building Infiltration Class

Tight

Space 1
Customer Lobby

Zone

Zonel

Condition Type

Heating & cooling

Space Vpe Bank Customer Area
Area per person 3.33 e
Sensible Heat gain per person 65.94 W
Latent Heat gain per person 30.77 W
Light load density 16.04 W/m?2
Power load density 16.15 W/m?2
Space Typg
Bank Customer OCCUpancy SChedUIe 8 AMto 5 PM
Area
Lighting schedule 6 AM to 11 PM
Power schedule 6 AMto 11 PM
Outdoor air per person 3.54 L/s
Outdoor air per area 0.30 L/(s:m?)
Outdoor air method by People and by Area
Space 2 &3 Zone Zonel
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Manager Room Condition Type Heating & cooling
and Stock Room
Space Type Bank Activity Area
Area per person 20.000 m?
Sensible Heat gain per person 73.27TW
Latent Heat gain per person 58.61 W
Light load density 16.15 W/m?
Power load density 16.15 W/mz

Space Type Bank Occupang schedule On-6 AMto 10 PM
Activity Area Offcs Liahtro-6 AM 1o 11
L ice Lighting- 0
Lighting schedule ghting
PM
ffice Lighting- 6 AM to 11
Power schedule Office Lighting- 6 0
PM
Outdoor air per person 2.36 L/s
Outdoor air per area 0.30 L/(s:m?)
Outdoor air method by People and by Area
Service Type VAVz Dual Duct
Cooling set pointz 23.32°C
Cooling Information Cooling air temperaturez
Zone 1

(Includes Space

12.220C

Heating set pointz 21.11°C

1,2&3) _ .
Heating Information Heating air temperaturez
32.220C
Outdoor Air Information From Space Vpe
Zone Zone2
Space 4
Condition Type Heating & cooling
Study Hall

Space Type

Dormitory Study hall

Area per person

10.000 m?




Space Type Dor-
mitory Study hall

Sensible Heat gain per person 73.27TW
Latent Heat gain per person 4543 W
Light load density 11.95 W/m?
Power load density 5.81 W/m2
Occupancy schedule 8AM to 9PM
Lighting schedule 6 AM to 11 PM
Power schedule 6 AMto 11 PM
Outdoor air per person 3.54 L/s

Outdoor air per area

0.30 L/(s:m?3)

Outdoor air method

by People and byArea

Space 5 &6

Student Bed
Room

Space Type Dor-
mitory Bedroom

Zone Zone 2
Condition Type Heating & cooling
Space Type Dormitory Bedroom
Area per person 10.000 m?
Sensible Heat gain per person 73.27TW
Latent Heat gain per person 4543 W
Light load density 11.95 W/mz
Power load density 5.81 W/m2
Occupancy schedule 24 hours

Lighting schedule

Office Lighting- 6 AM to 11
PM

Power schedule

Office Lighting- 6 AM to 11
PM

Outdoor air per person

2.36 L/s

Outdoor air per area

0.30 L/(s-m2)

57



Outdoor air method

by People and by Area

Zone 2

(Includes Space

Service Type

VAVZz Single Duct

Cooling Information

Cooling set pointg 23.320C

Cooling air temperaturez
12.220C

Heating set pointz 21.11°C

1,2&3) _ _
Heating Information Heating airtemperature z
32.220C
Outdoor Air Information From Space Type
Zone Zone3
Space 7
Condition Type Heating & cooling
Yoga Room

Space Type Exercise Center
Area per person 0.667 m?
Sensible Heat gain per person 65.94 W
Latent Heat gain per person 30.77 W
Light load density 3.23 W/m2
Power load density 5.81 W/mz2
Space Type Exer-
P . yp Occupancy schedule 7 AM to 8 PM
cise Center
Lighting schedule 7 AM to 8 PM
Power schedule 7 AM to 8 PM
Outdoor air per person 2.36 L/s
Outdoor air per area 0.30L/(s:m?)
Outdoor air method by People and by Area
Zone Zone3
Space 8 &9
Condition Type Heating & cooling
Wash Room

Space Type

Rest Room




Space Type Rest

Area per person 10.000 m?
Sensible Heat gain per person 73.27TW
Latent Heat gain r person 58.61 W
Light load density 9.69 W/mz2
Power load density 3.23 W/m2

Occupancy schedule

On-8 AM to5PM

Room Office Lighting- 6 AM to 11
o ce ng- (o]
Lighting schedule I 'ghting
PM
ffice Lighting- 6 AM to 11
Power schedule Office Lighting- 6 0
PM
Outdoor air per person 0.00 L/s
Outdoor air per area 0.00 L/s
Outdoor air method by People and by Area
Service Type VAVz Dual Duct
Cooling set pointz 23.32°C
Cooling Information Cooling air temperaturez
Zone 3

(Includes Space
1,2&3)

12.220C

Heating Information

Heating set point 7 21.11°C

Heating air temperaturez
32.220C

Outdoor Air Information

From Space Type
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4.4 Verification of the data exported from Revit

The intent of this section is to verify the exported dta from Revit togbhXM_ or IFCfile format

using Model viewe s. This verification processmainly concentrates on to know whether the
modelled data is exported successfully or nqto evaluatedata quality and to rectify the ge-
ometrical inconsistendes caused bymodelling.

4.4.1 Export to gbXML

a) Export Categories:

The export process of modelled informationfrom Revit to gbXMLis based on two different
export categories They are as follows,

1. Based on Roors (refer in Figure 41)
2. Based on Spacegefer in Figure 42)

When the &port process is carried out by using Rooms a&n export category, then Revit
only exports theinformation regarding geometry, construction details and specifications of
OT1T1T O | AOAA 0O i6diutlednk iAfaration Eegaxding spades, space typesnd
zones which arementioned in the model.But the export process based on thepaces as a
export category, all the information geometry, construction, space, space type and zone)
included in the BIM model will transfer tothe gbXMLfile. The informati on regarding the
modelled data is summarized inTable 7 and Table 8. Thus, for this demonstration purpose,
spacesare considered as a export category and the export process to gbXML is continued.
Figure 41 and Figure 42 represent the difference betweerthe two export categories.

Export gbXML - Settings 2 [
- General |Details|
T Parameter Value
Building Type Office
Location Mirnberger Str 314, 01187
Ground Plane R =
Export Category | Rooms ~
Export Complexity L O T 1
Detailed Elements

Project Phase Mew Construction
Sliver Space Tolerance 304.8

Building Envelope Use Function Parameter

@~

I Next... J[SaueSetﬁngsH Cancel

Figure 41: Data Export from Revit to gbXML z Based on Rooms
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Export gbXML - Settings

NEAN

General | Details |

Parameter

Value

Building Type

Office

Location

Mirnberger Str 314, 01187

Ground Plane Level 1

Export Category

Spaces -

Export Complexity

L - -

Project Phase

Mew Construction

Sliver Space Tolerance 304.8

Building Envelope

Use Function Parameter

Building Service

VAV - Single Duct

Schematic Types

<Building>

Building Infiltration Class  :Tight

Export Default Values

v

| Mext...

| [Save Setﬁngs] | Cancel

Figure 42: Data Export from Revit to gbXML z Based on Spaces

b) Model Viewer:

AragogagbXML Viewer 12.33 (From Ladybug Tools) is used as a model viewer in this
demonstration. This Model vieweris recommended by theGreen Building XML organiza-
tion. The Model Viewer tool works based on the virtual environment and represents the -3
dimensional elements of the building in terms of Zlimensional surfaces at thecentre of the
element Similarly, the tool represents doors and windows as openings in the walkigure
43 represents how the BIM models viewed in AragogagbXMLModel Viewer. The gbXML
file has been exported from Revit 2019The viewer successfully represents the geometry of
building and constructiontype (either exterior or interior and name)h
the thermal properties ofthe material, material layer details,energy settings, spacéypes of
building, etc. So, this tool i®nly used to verify and modify the modelling errors in the Revit
modelin terms of geometry. Theinformation other than geometry(schedules, material, lay-
ers, location etc.) are verified by going through the gbXML file and the same mentioned in

Appendix 7.1.

AOO EO

x] 180 OAE

AragogagbXMLViewer is equipped with two menu columnsthose areLeft menu and Right
menu. The left menu represents the importing options and specifications of theimported

file, such assettings, reports,issues, numbers, etcThe Right menu deals with the represen-
tation of the surfaces, construction details and bouretl space details.
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¥ Header
Ladybug Tools » ¥ . O«
©) Aragog gbXML Viewer 12.33

drag@drop bl files here
of | Choosa File  Exampied %00 ingai xml
or enter a default file path ©

or explore sample files

¥ Feature:s
Setca| Ragom] lssows| Nimbaa| o

¥ lssues

togsles
srlaces adoes Ml ndie

> Metadata Issues

» Duplicate Adjacents = 0 found

» Duplicate Surfaces » 0 found

» Undefined CAD Object ID « 0 found
» Tiny Surfaces » 6 found

» Surfaces with close vertex « 0 found
» Surface Type Invalid ~ 0 found

» Opening Type Invalid « O found

» Adjacent Space Invalid ~ 0 found

» Things to try
» Footer

tight menu / click hete to move
toggle the visible items

surface | sufaces edges (M
edit the surface

delete suface modfed by | save edts

¥ surface
e W amiB2T | 200m
name £-6E.W-47
type  Extecorival
update Extencrval v
cad object id

Basc Wak Exterior - 101 6mm Bk «
200 2men Contrete « 12 Toom Gypaum
Pasterboand [228888]

Basc Wak Evtencr « 101 fowm Brick » 203 2
area 12.0In 4.000 vod 3.000

¥ adjacent space 1

e 5] Mﬂ.vu
name 6 Student BedRoom
area 37, 1 volume 139.9

storey | 2enl03)
condition type HeatedAndCooled
cad object Id 237884

k28 -

wdate

» For dobugn; surface appearance

Figure 43: Representation of Office Building in Aragog Model Viewer
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By investigating the gbXML file (Which contains the BIM data modelled in Revit) usitige
model viewer, there were some issuesvhich were detected.They are as follows

1. Creation of tiny surfaces for internal and external walls, exactly dahe connection
between walls(refer in Figure 46, Figure 47 and Figure 48).

2. Lack of connection between roof and external wall&efer in Figure 49).

3. The devation difference betweenthe Revit model andexported data (Figure 51).

Legend:

Red colored | Green col-
Circles ored Square
Represents Represents

tiny surfaces
at the internal
wall

tiny surfaces
at the Exter-
nal wall

Figure 44: Connection location where Tiny surfaces are creating

The issues represented in Figure 46, Figure 47 and Figure 48 are the generations of tiny
surfaces in the walls at some specific conneciis. These connection locations are marked
in the aboveFigure 44. The red coloured circles represent the connections whiclcreate a
tiny surface in the internal wall.Figure 46 representsthis tiny surfacein the model with the
width of this surface is equal to 0.159 meter which is equal to the half of the thickness of the
external wall (thick 317.5 mm). The functional type for the tiny surface is represented as
internal but the external wall construction details are assignedo this surface(marked with
ared coloured circle in Figure 46). There were somereasors for this error, they are

1. The viewertool AT O1 AT 8 O th©dhffarencd bEtwedn external and internal walls
becaus of themisinterpretation in identifying vector definitions for the position of el-
ementsin Revit.

2. Because othe virtual environment concept, that meansthe model viewer tool will cre-
ate a2D - surface exactly at thecentre of both internal and externalwall. The internal
wall at this joint is defined till the internal surface of the external wallin the Revit
model. So, the distancdwhich is equal to half of the external wall thickness 0.159
meters) betweencentre of the external wall and theending point of the internal wall is
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not defined according tothe virtual environment and this viewer tool is assigning in-
ternal functional type to this tiny surface(in between internal wall and centre of exter-
nal wall) because it is inside the external wall and asgning external wall construction
details becausehis surface is part ofthe external wall.

Actually, the Revit modelling concept follows thecentre to centre approach.But, the dia-

grammatic representation of connectionsin Revit shows that the wall is connected to the

face of the other wall (refer inFigure 44). It is the same case withall connections between
walls in the model, butsometwo connections(marked with red coloured circles)only facing
the problem with tiny surfaces, which is shown inFigure 46. It means the virtual environ-

ment for the Viewer toolplaces 2D surface at thecenterline of thewall and it is eliminating

part of the surface extended out from the connection between walls (whicls not bounded
with any space or room) But here inthis specific problematic connection the extended part
of the external wall from the connection is presented inside the buildingndit is a part to

creating an enclosed loop to define room or space (artve a relationship withspace.

Similarly, the tiny surfaces are created irexternal walls at the connections marked with
greencoloured square inFigure 44. These tiny surfaces are defined as shading elements in
the model viewe tool, which is represented inFigure 47 and Figure 48. The reason for the
tiny surface here in this connection is also because tbfe virtual environment concept which

is already explained above, but he the extended part of the wall is treated as shading
element. Shading elements in IES are the room bounding elements definedtlie Revit
model and which are nota part to create a closed loop to define either room or spac&o,
here the wall element n this connection is treated asa shading element because it not
bounded by any spacer not a part ofthe closedloop.

The confusion inthe representation of the functional type and construction type for an ele-
ment will affect the energy analysis of the bilding. So, representation of the connection
(marked with red coloured circles) is changing in such a way that the extended portion of
an external wallwill be defined asashadingdevice. This representation change is presented
in Figure 45. This change will produce the tiny shading elements inside the building at all
four connections.

Figure 45: Change in the connection representation
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Left menu

¥ Issues

togales

| surfaces ‘ | edges ‘ ‘ all visible |

> Metadata Issues

» Duplicate Adjacents » 0 found

» Duplicate Surfaces » 0 found

» Undefined CAD Object ID » 0 found
¥ Tiny Surfaces » 6 found

Surfaces that are smaller than a specified
area,

Test size 0.68

surfaceType: InteriorWall
constructionldRef: aim1023
id: aim1307
AdjacentSpaceld: [object
Object],[object Object]
RectangularGeometry:
[object Object]
PlanarGeometry: [object
Object]

CADObjectld: Basic Wall:
Exterior - 101.6mm Brick +
203.2mm Concrete + 12.7mm
Gypsum Plasterboard
[230012]

Name: N-1-3-I-W-15

height: 4
vridth: 0.159
area: 0.635
b Surfaces with close vertex » 0 found
» Surface Type Invalid » 0 found
» Opening Type Invalid » 0 found
» Adjacent Space Invalid » 0 found

right menu / click here to move

toggle the visible items

edit the surface

| delete surface ‘ | modified by | ‘ save edits ‘

¥ surface

surface id

aim1203 «
aim1215
aim1227
aim1249
aim1261
aim1273
aim1295
aim1307 ~

update

name N-1-3-]-W-

o] e

update | InteriorWall v
cad object id

Basic Wall: Exterior - 101.6mm Brick +
203.2mm Concrete + 12.7mm Gypsum
Plasterboard [230012]

|cad id

| Basic Wall: Exterior - 101.6mm Brick + 203.2n

area 0.6 In 4.000 vd 0.159
4 3

¥ adjacent space 1

space 1id

none -
aim0082
aim0206
aim0292
aim0372 ~

id | aimD0&2

name 1 Customer Lobby

area 113.8 volume 429.8
condition type HeatedAndCooled

storey | aim0016

update

cad object id 233208

space 2 id

none .
aim0082
aim0206
aim0292
aim0372 ~

¥ adjacent space 2

name 3 Manager Room
area 16.8 volume 63.3
condition type HeatedAndCaoled

storey | aim0016

update cad object id 233210
» For debugging surface appearance 4

Figure 46: Tiny Surface at the inter ior wall
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right menu / click here to move

toggle the visible items —_—

|suface||surface.s||edges| E

edit the surface
| delete surface | | modified by | | save edits |

¥ surface

surface id id | aim2424

e 0

2im2364 name_X-5-89

2im2374 type

aim2354 updafe [Shade v

aim2394 d obiect id

aim2404 cadcoecll

aim2414 [ Basic Wall: Exterior - 101.6mm Brick +
- 203.2mm Concrete + 12. 7mm Gypsum

Plasterboard [247923]
update

Basic Wall: Exterior - 101 jck + 203 .2n
area 1.8 ln 11.500 wd 0. 159

« I >

no adjacent spaces

» For debugging surface appearance

Figure 47: Tiny Surface at the exterior wall 1
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right menu / click here to move

toggle the visible items

|sufal:e||surfaces||edges|

edit the surface

| delete surface |

| modified by | | save edits |

Ll

¥ surface

surface id
aim2364
aim2374
aim2384
aim2394
aim2404
aim2414
aim2424 |

id | aim2434 | | zoom

nail

vp
update | Shade v
d ob id

Basic Wall: Exterior - 101.6mm Brick +
203.2mm Concrete + 12.7mm Gypsum
Plasterboard [245188]

cad id |
Basic Wall: Exterior - 101.6mm Brick + 203 _2n
area 1.8 ln 11.500 vid 0.159

no adjacent spaces

» For debugging surface appearance

Figure 48: Tiny Surface at the exterior wall 2

e

/ /. g - /;/

[ {]|0 Il I Ul

e e —

NS u
D <i"__,/>
(D=

67



Parapet Wall
‘ Roof

Building

Figure 49: Lack of connection between Roof and External Wall

Another issueobserved in thegbXML exportprocessis the lak of connection betweenthe
roof and remaining building elements in the modelSome portion of the parapet wall is ex-
tended down from the roof level (from roof and parapet connection) These issuesare
clearly represented inFigure 49. The reason behind tlese Issuesis because of the modelling
representation in the Revit.Figure 50 is showing the sectional elevation of the building
modelled in Revi. The external wall of the building is limited up to Level 4 (refer irFigure
50) and the parapet wall, Roof construction start fronLevel4. It means the base of the Roof
and Parapet wall exsts at Level 4, but according to thevirtual environment concept, the
element is represented ashe 2-D surface at itscentre line. So, the Roof surface is created at
the centre line and this resulted a gap between Roof and External wall withveidth is equal
to the half of the Roof thicknessSimilarly, an extended part of the parapet wall from Roof
surface to Level 4 (at down side of the roof) igeneraed in the Model Viewer tool, which is
represented inFigure 49.

If the same gags not checked and exportedo IES then the building analysisA A Tb@ p@r-
formed accurately. So, the IES is adopté@a such a way thathe creation of surfaces foroof,
slab or floor is exactly atthe position of levels which aredefined in the BIM model(refer in
section Checklist for data sharing between Reviand IES).
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Figure 50: Sectional Elevation of the 3 -Storey simple Building - Revit

Figure 51 represents another issue with the elevation of the building. The elevation of the
building is wrongly exporting to the gbXML file This is found by investigating the file. To
know the reason for this miss match, different exercises are carried out liyputting differ-
ent location detailsin Revit, but the resuls are same It meansincorrect elevation details
are exporting to gbXML.The latitude and longitude of the building location are exporting
correctly asrepresented inFigure 51.

For the energy simulation purposethis incorrect elevation information is edited to correct
ones and proceededto the further process mentioned inthe methodology (import process
to IES<VE> simulation todl.
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Location Weather and Site ﬁ

Location | Weather | Site
Properties x
Define Location by:
[Default City List -] .
There is a single location for each Revit project that defines where the project is placed in '
the world.
Project Base Point (1 -
City Mornberger Str 31A, 01137 Dresden v] ’ roject Base Point (1)
Identity Data H
Latitude : 51.034439087° M/S -9025.0
Longitude : 13.722025871° E/W 14326
| Elev 00 |
Time Zone : (UTC+01:00) West-Zentralafrika Angleto True Morth 320.00°
[ Use Daylight Saving time
QK ] [ Cancel ] [ Help
Elevation and Co-ordinates mentioned in Revit
<Location>

<Stationld IDType="WMO">162465 2006</Stationld>
<ZipcodeQrPostalCode>00000</ ZipcodeCrPostalCode
<Longitude>13.72203</Longitude>
<Latitude>51.03444</Latitude>
<Elevation»>230.124</Elevation>
<CADModelAzimuth>0<,/CADModelAzimath>
<Mame>Nirnberger Str 31A, 01187 Dresden</Name>
</Location>

Location details exported to XML file

Figure 51: Difference in Site Elevation details between Revit & gbXML

4.4.2 Exportto IFC

a) Export Specifications

Table 9 represents the export parametersmentioned in Revit for IFC export. Based on this
parameters Revit will export the modelled data to IFC file. Thexport parameters are
divided into different categories They are as follows.

1 General

1 Additional content
1 Property sets

1 Level of detalil

1 Advanced

Each category haits own importance in the export process, but th&eneral category plays
a key role inthe export processbecause it contains infornation regarding model view,space

boundary, project location and construction phase details. FolFCexport process, Design
Transfer View (DTV) is used as Model View Definition (IFC version ifiable 9). Generally,

IFC 4is equipped with two View Definitions, those areDesign Transfer View(DTV) and Ref-
erence View(RV). Design TransfeNMiew allows more entities (such as frame and lining de-
tails for doors and windows) for transfer between tools when compared to Referenc¥iew,

and DTV supports the editing ofthe IFCfile.
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Table 9: Revit 7 IFC export specifications for a 3-storey simple office building

Export Parameter

Specification or Value

General

IFC version

IFC4 Design Transfer View

File type

IFC

Phaseo export

New Construction

Space boundary

2nd level

Project Origin

Project base point

Additional content

Export 2D plan view elements Disabled
Export linked files as separate IFCs Disabled
Export only elements visible mew Disabled
Property Sets
Export Revit property sets Enabled
Export IFC common property sets Enabled
Export base quantities Disabled
Export schedules as property sets Disabled
Exportuser definedbroperty sets Disabled
Export parameter mapping table Disabled
Level of Detail
Level of detail for some element geometry High
Advanced
Export parts as building elements Disabled
11T x OOA 1T &£ 1 EGAA O3 Disabled
Use active view when creating geometry Disabled
Use family and type name for reference Disabled
Use 2D room boundaries for room volume Disabled
Include IFCSITE elevation in the site local plac .
ment origin Disabled
Store the IFC GUl:rlgxa;r;ﬁIement parameter & Disabled
Export bounding box Disabled

71



Revit consists of defaultexport layers, which consist of the data regarding the IFC classes
with respect to the Revit element categories modelled in the fil&he initial step in the ex-
port process isto load the export layersinto Revit. Figure 52 representsthe IFC export layer
file in Revit 2019.

IFC Export Classes: C\ProgramData\Autodesk\RNT 2019\exportlayers-ific-IALbt I léJ

- Load...
Revit Category IFC Class Name IFC Type _
Air Terminals FFehirTerminal Standard
Analytical Beam Tags Mot Exported =

Analytical Beams Mot Exported
Analytical Brace Tags Mot Exported
Analytical Braces Mot Exported
Analytical Column Tags Mot Exported
Analytical Columns Mot Exported
Analytical Floor Tags Mot Exported
Analytical Floors Mot Exported
Analytical Foundation Slabs Mot Exported I

Analytical Isolated Foundation | Mot Exported
Analytical Isolated Foundations Mot Exported
Analytical Slab Foundation Tag | Mot Exported
Analytical Wall Foundation Tag| Mot Exported
Analytical Wall Foundations | Mot Exported

Analytical Wall Tags Mot Exported
Analytical Walls Mot Exported
Anchor Tags Mot Exported
Area Polylines Mot Exported
Area Tags Mot Exported
Areas IfcSpace
Calar Fill Trinare i

[ oK l | Cancel | | Help

Figure 52: IFC export Layers mentioned in Revit 2019

After finishing the IFGexport set upthe process the modelled data has been exported to
IFC (STER physical file format) file and the sane file imported to the Model viewer toolto
verify the data quality andmodelling errors. The exported IFC file is attached iAppendix
7.2for reference.

b) Model Viewer

The Solibri Model Viewer tool is usedto import the IFC file for the purpose of data quality
checkingand verification of geometrical representatiors of the building components.The
Solibri application has been developed based on the Industry Foundation Classes to repre-
sent the IFC STEP file in terms difie buildi ng model. This application has been authorized
by buildingSMART (International home of OpenBIMjor model viewer purpose The BIM
model (3-Storey Smple Office Building) has been exported to IFC file from Revit and the
same is imported to Solibri Model Viever application, which is represented in Figure 53.
Figure 54 represents the internal components of the building (by disabling the external
walls), which is imported to the Solibri Model Viewer. The Solibri applicationd © OOA O
face consists of different model view options such asModel Tree, Info view, 3D view, etc.
The Model Tree presentedin Figure 53) represents all components of the buildingand all
are organizedin different hierarchies. The Info view represents all the properties and data
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assigned to these building components.-B view of the Solibri has been integrated with
different viewer tools such as pan, zoom, move, etc.

&7 Solibri Model Viewer - Example3_9boxes enabling | S|

v Example3 9boxes_enabling Revit Property sets
v | System
» 40 System1 : Zone 3:241898
v Q) System.2: Zone 1:233359

¥ Spaceld : Customer Lobby[1]
@ Space.2: Manager Room[3]
@ Space0.3: Stocks Room(2]

» 0 System 3 : Zone 2:237887

T i Default
v () Bank Office Building
v B Level1
3 Door
» . Object
> Opening
3 Slab
v | Space
@ Space.1 : Customer Lobby[1]
@ Space.2: Manager Room[3]
@ Space.3: Stocks Room[2]
» (7 Spacel.4 : Customer Lobby[1]
> @ Space0.5: Stocks Room(2]
» () Space.6 : Manager Room[3]
b Wall
» | Window
v B Level2
» K Level3
v K Leveld
3 Roof
» o Wall
® mFo (v v B EBAEH

@ Space0.1: Customer Lobby[1]

SHny @y Hh vy @y QAQAA vy @ A§
{8 MODEL TREE EEBWwOOG0 @

Hyperlink:
Space Boundaries Space Boundary Areas | Classification

Relations

Constraints | Dimensions | Electrical - Lighting

Pset_AirSideSysteminformation Pset_SpaceCommon

y I Qther Phasing
Energy Analysis Identity Data

Property Value

Area per Person 333m2 o
Base Lighting Load on By Space Type E
Base Power Load on By Space Type i

Welcome to Solibri Model Viewer

Selected:

Q

2

Figure 53: BIM mode

| representation in Solibri Model Viewer
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Figure 54: Internal geometry and spaces of the Building - Solibri Model Viewer

The table below clearly explains about the organization of the imported dat in Solibri
Model Viewer. As represented irFigure 53, all components of the buildingare organized in
different hierarchies (refer Model Tree inFigure 53). The system hierarchyin the Model
Tree view (in Solibri) defines the information regarding different Zones andhe spaces re-
lated to these Zones. Similarly, the Default hierarchy the Model Tree view (in Solibri) in-
dicates the functioral type for building and different storeys available in the buitling. Each
Storey or Level of the building includes the information regarding all building components
or Elements such aWall, Space, Opening, Window, Slab, Door, Objé&ch elemenis rep-
resented with a unique GUID, which is defined bihe Identification parameter mentioned
in Table 10. By investigatingthe3 T | EAOE - | dafalstru@ufeh is Ai3én@d that
maximum information modelled in Revit has been successfully expatito IFC and same is
import ed to Solibri Model Mewer.
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Table 10: Organization of Imported data in Solibri Model Viewer

Building Components
(Model Tree)

Information regarding Building Component s (Info view)

Systeml (Zone 3)

Identification, Relation, constraints, Dimensions, Emgy
Analysis, ldentity Data, Phasing, Pset_AirSideSystemIinfq
mation, Pset_Zone, Other

Default

Identification, Location (coordinates), Relations, ldentity
Data, Other

Bank Office Building

Identification, Site (Default), Quantities (Gross Area), Reld
tions, Pset_BuildingCommon (neof storeys)

Level

Identification, Site, Building, Quantities, Relations, constraint
(Elevation, Elevation Base), Identity Data, Other, Pset_Buil
ingStoreyCommon

Elements in Level 1

Wall, Window, Space, Slab, Opening, Door a@thject (Lining
& Frame details of Window)

Space & Customer
Lobby (Space details)

Identification, Location (Site, building, floor), Quantities, Re
lations, Space Boundaries (Door, slab, wall, window), Spa
Boundary Areas, Constraints, Dimensions (AreapWime and
Perimeter), Electrical Lighting, Electrical Loads, Energy Ana
ysis, Mechanical Flow, Phasing, Pset_ AirSideSysteminf
mation, Pset_SpaceCommon

Space & Customer
Lobby (Room details)

Identification, Location, QuantitiesRelations, Constraints, B
mensions, Pset_AirSideSysteminformation, Pset _SpaceCq

iTTh OEAOET Ch O%l AoOcuUu ! 1Al U

Door 1

Identification, Location, Quantities, Profile, Relationship, Clas
sification, Analytical Properties, Constraints, Construction,
Dimensions, Identity Data, Ifc Dirension, IfcDoorPanelProp-
erties, Materials and Finishes, Phasing, other, PseborCom-
mon, Pset_Environmentallmpactindicators

Opening

Identification, Location, Quantities, Profile, Relations

Slab

Identification, Location, Quantities, Material, Relations, #a-
Iytical Properties, Constraints, Construction, Dimensiong
Identity Data, Materials & Finishes, OtheRhasing,Pset_Envi-
ronmentallmpactindicators, = PsetReinforcementBarPitch-
OfSlab, PseSlabCommon, Structural

Wall

Identification, Location, Quantities, Material, Profile, Rela-
tions, Analytical Properties, Constraints, Construction, Di
mensions, Identity Data, Materials & Finishes, OthdPhasing,
Pset_Environmentallmpactindicators, PseReinforcement-
BarPitchOtWWall, PsetWallCommon, Structural
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Identification, Location, Quantities, Relations, Analytica
Properties, Constraints, Construction, Dimensions, Identit)

Frame details)

Window . . . . .
Data, Ifc Dimensions, Materials & Finishes, Other, Phasin
Pset_Environmentallmpactindicators, PseWindowCommon
Identification, Location, Quantities, Material, Profile, Rela
Object (defining Window| tions, Constraints, Construction, Dimensions, Identity Datz

Materials & Finishes, Other, Phasing, Pset_Environmentallr
pactindicators, Pset_BuildingElementProxyCommon

Apart from the successful data export and import process, there were small issues regarding

the representation of space

type,shading device the definition of room and orientation of

the building in the Solibri Model Viewer. As mentioned inSection3.2 of this document, IFC
schema treats the space typalso as a building object (like opening) but this is not repre-

sented in the components

list mentioned atbevel 16 of the Mefaultd hierarchy in Solibri

(refer in Figure 53 z marked with red coloured box). The space type of a particular space is
defined as a property whichis mentioned underthe Energy Analysis option(refer in Figure

55).
(& MODEL TREE REgwOOoag @mo <vo>Y ®BOes80
PRl DYSTEM.S | LONE L457881 + 9 Spacedd : Customer Lobhy[1]
¥ b Default
v @ Bank Office Building Space Boundary Areas I Classification I Hyperlinks | Constraints I Dimensions
v K Levell Identification Location Quantities Relations Space Boundaries
v @l Door Pset_AirSideSystemInformation Pset_SpaceCoemmon
» | Object [clentit.-: Data. . | IMechanical - Flow I Other I : Ph :'-\.ITCI
K Electrical - Lighting | Electrical - Loads ‘ Energy Analysis
» . Opening
[ Slab =| | Property Value
v . Space | e — ey -
e o o
Occupancy Unit By Space Type
@ Space..2 : Manager Room[3] .
Occupiable True
© Spscel.3Socks RoomiZ) Outdoor Air Information From Space Type
> & Spaced4 : Customer Lobby1] Outdoor Air Method by People and by Area
» @ SpscellySiocks RoomiZ] Outdoor Air per Area 0.001
g @ .Space.Cl.G : Manager Room[3] = |Outdoor Air per Person 0.125
Plenum False
Plenum Lighting Contribution 0.2
Power Load Units Power Density
Sensible Heat Gain per person 709,783
Specified Lighting Load 1,825.886 2
Specified Lighting Load per area 16.038
Specified Power Load 1838141
Specified Power Load per area 16.146
Total Heat Gain per person 1,041,015
Zone Zonel -

Figure 55: Relation betwe en Space & Space Type Solibri Model Viewer

The parapet wall and the roof extension (roof offsetjnodelled in Level 4 of the building (in
Revit) needsto be treated asa shadingdevice for energy analysis purpose However,these
elements are represeneéd as wall element(for parapet wall) and roof element (for an
extendedpart of the roof) in Solibri Model Viewer (refer in Figure 53). In the Revit model,
both room and space are defined for efficient data export process. IFC scheidentifies
both space and room as space elemenif¢Space (refer in Figure 53). In the Revit model,
there is no option for defining energy analysis parametersto the room but in the Solibri
application, it is representing the Emrgy analysis parametersfor the room. Figure 56
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represents these energyanalysis parameters, which are assigned to Roongimilarly, the
orientation of the building is not represented in the Solibri Model Viewer.

(&) MODEL TREE REEBw 0050 omo Al Nololcls!
v (9 Bank Office Building i q Space.0.4 : Customer Lobby(1] I
v 5 Level 1
. Door Space Boundary Areas Classification I Hyperlinks I Constraints I Dimensions
v )l Object Identification - Location I Qu.antities Relations 51 ac_e Boundaries
Pset AirSideSvstemInformation Pset SpaceCommen
* i Opening Energy Analysis Identity Data | Other | Phasing
*» . Slab
v i Space Property Value
P Space0.1 : Customer Lobby(1] = Actual Lighting Load 0
7 Space0.2 : Manager Room[3] Actual Lighting Load per area 0
71 Space.3 : Stocks Room[2] Actual Power Load 0
» 0 Space.5 : Stocks Room[2] Area per Person 28.57 m2
» O Spacel.6: Manager Room(3] Base Lighting Load on By Space Type
L Wall Base Power Load on By Space Type
- Windma T |Heat Load Values By Space Type
Latent Heat Gain per person 630918
Lighting Load Units Power Density
MNumber of People 0
Plenum Lighting Contribution 0.2
Power Load Units Power Density
Sensible Heat Gain per person 788648
Specified Lighting Load 0
Specified Lighting Load per area 10.764
Specified Power Load 0
Specified Power Load per area 13.093
Total Heat Gain per person 1,419.566

Figure 56: Energy Analysis data for ROOM - Solibri Model Viewer

4.5 Investigation of data imported to IES<VE> (BES model)

After verification of the quality of input data using Model Viewer tools the data has been
transferred to IES<VE> 2018The intent of this section is to investigate thedataimport ca-
pabilities of IESfrom gbXML& IFC and to verify the quality of imported data. This verifica-
tion process is carried out separately for each interoperability fildormat and the results
were discussed

4.5.1Import from gbXML

In this import process, modelled data (BIM model) exported tohe gbXMLfile format and
the same has been imported to IES application to perforam energyanalysis of the building.

a) Import Statistics

The IES applicatiorgenerates a smallreport after every successful importof the BIM model
and explains allthe import statistics. Appendix 7.3 represents thelESKVE> import statistics
file, which has been developed during thprocess of data import from gbXML tdES Import
statistics report mainly concentrates on the representatiorof area and volume of each room
or space which are importing to IES. It also explains abowgurfaces which define the room,
and intersections between these surfaceslhe report provides some statistics regarding
number of surfaces and spaces of tHe8IM model, thatimported successfully. Theime taken
for this import processis recorded.
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The values regarding thearea andthe volume of each space ithe IES model have been
taken from the import statistics report and are listed in the table below. A comparison of
room volumes between the BIM model and the BES model has been carried.diite differ-
ence in volume is presented in terms of percentage of voluna#ference with respect tothe
BIM model (refer to Table 11). From the table below, it can beobserved that the volume
difference is more than 10% for all the room types (other than Yoga room) in BESonel
and this may cause the design adversized energy systers.

Table 11: Volume comparison between the BIM model and BES modelz gbXML import

. Floor Area (m 2) Volume (ms3) % of volume change

Building Space . .

Revit IES Revit IES in IES w.r.t Revit
Customer Lobby | 113.846 | 113.846 | 429.768 | 484.190 12.66%
Stock Room 16.774 | 16.774 | 63.323 | 73.905 16.71%
Manager Room | 16.774 | 16.774 | 63.323 | 73.905 16.71%
Study Hall 81.884 | 81.884 |309.110 | 347.507 12.42%
Student Bed Room | 28.264 | 28.264 | 106.697 | 124.0 16.25%
Student Bed Room { 37.006 | 37.066 | 139.923 | 160.493 14.7%
Yoga Room | 119.921| 119.921 | 419.722 | 444.443 5.89%
Rest Room for Men| 13.844 | 13.844 | 48.455 | 54.167 11.79%
Ref/:/;?}g:‘ for | 13895 | 13.895 | 48.634 | 54.390 11.84%

Theincrement of room volume inthe BESmodel (when compared tothe BIM mode) is be-
cause ofthe volume calculation methodology. In Revit, area and volume of the room has
been calculated based on the internal surfaces of the room bounding elements. It means for
calculations Revi considers onlythe internal distance between walls, roof and floorFor
example,

Room type = Customer Lobby (Existed in between Level 1 and Levet gefer in Figure 38
and Figure 50)

Room Height Distance betweenLevel 1 & 2z refer in Figure 50) = 4.0 m

Internal room area from Revit (fromTable 7) = 113.846m?

Thickness of floor at Level 2 (froniTable7) = 225 mm = 0.225 m

Internal distance betweenground floor to floor at Level 2 =47 0.225 =3.775 m

Volume of the room = area x clear height = 113.846 x 3.775 = 429.7®9 (refer to Table11)

IES importsco-ordinates related to both the centre line of the element andinternal surface
of the element, which is shown irFigure 58. The greencolour line represents Local shad-
ings,the blue colour line represents thecentre line of the element and pinkcolour line rep-
resents the irternal surface of the element in IES (refer ifrigure 58). Table 11 showsthat

78



the values for areas in both Revit model and IES model are equal, it means |IES a¢esthe
internal surface of the elemen{it meansthe internal distance between elements¥or area
calculations.But for volume calculations, IESuses the centerline method (centre to centre
distance). It calculates the area betweerentre to centre of walls andmultipl ies this area
with the height difference between levelsor volume calculations For example,

Room type = Customer Lobby (Existed in between Level 1 and Levet Befer in Figure 38
and Figure 50)

Room Height (Distance between hesl 1 & 2z refer in Figure 50) = 4.0 m
The aeabetweencentre to centre of walls (from Table 13) = 121.048 m2
Volume of the room = area x clear height = 121.048 x 4 = 484.182 (refer to Table 11)

From this calculation, it has been observed that gbXML creates a surface exactly at levels
location (mentioned in Revit) for the purpose of floor, slab, and roof.

b) Model Geometry & Orientation

The geometry, location and orientation ofthe BES model can be observad Figure 58 and
Figure 57. The location and roomgor spaces)of the building has been successfully im-
ported to the IESapplication and these details are marked with reaoloured box and green
coloured box respectively in Figure 58. Based on this location details, weather data can be
acquired automatically in the IES applicationThe orientation of the building is also im-
ported successfully, which ca be observed by comparindrigure 36: 3-Storey Smple Office
Building - Revit model (BIM Model) with Figure 57: BES model representatiory Model im-
port from gbXML

Figure 57: BES model representation z Model import from gbXML
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Figure 58: IES interface (BES Model Plan view) z Model import from gbXML

The only issue with the BES model geometry is in terms of local shadinggure 59 clearly

highlights the tiny surfaces(4 numbers in each level) whichare creaedin each level of the
model. The sameissue had been developed in the model viewer and threasons for this
problem has been clearly explained isection4.4.1 The IES application treasthese as local
shadings because there was no proper definition for these surfacestime BIM model. Be-

cause of this reason, the number of local shadings is represented &s2 Figure 57 (Marked

with pink coloured box).

Figure 59: Local Shadings in the BES modelz Model import from gbXML
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