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Building Information Modelling (BIM) has become an emerging digital technology in the architecture, engineering and construc-
tion (AEC) industry. There is a growing demand on applying BIM for sustainable design including the building energy simula-
tion (BES). Lack of sufficient interoperability has caused barriers to utilize the information from BIM for BES. In this study, the
interoperability between BIM and four different BES tools (i.e., Ecotect, EQUEST, Design Builder and IES-VE) was explored
by using a case study of a residential building in the design stage. The misrepresented information from BIM to multiple BES
tools were identified based on six different categories of building information parameters. The research proposed an approach of
creating gbXML file with an improved integrity of information in BIM. Overall, this study would lead to further work in devel-

oping platforms for improving the information transformation from BIM to BES.
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1. Introduction

Building information modelling (BIM), as a revolu-
tionary technology of Architecture, Engineering, and
Construction (AEC) industry, enables the coordina-
tion of information including 3D geometries, mate-
rials, building structures, Mechanical, Electrical, and
Plumbing (MEP) systems, and schedules for differ-
ent disciplines during the building lifecycle [1]. BIM
allows the assessment of building performance in the
earlier design stages so that the design parameters
such as location, orientation, glazing ratio and fabric
properties could be optimized [2]. There are multiple
building energy simulation (BES) software tools (e.g.
Ecotect) for professionals to evaluate the building per-
formance. However, preparation of input parameters
(e.g., building geometry and material properties) for
simulation is usually error-prone and expensive [3].
BIM-based BES model could reduce the effort to input
these building parameters, and the information or data

consistency from BIM to BES could be maintained [4].
Productivity in the BIM world will suffer from lack of
incompatible software programs or platforms, and im-
proved interoperability between software applications
is the top industry improvement to increase BIM value
[5]. Currently, the interoperability between BIM and
BES tools are mainly processed with data-exchange
scheme such as Drawing Interchange Format (DXF),
Industry Foundation Classes (IFC) and Green Build-
ing XML schema (gbXML) [1]. Existing BIM tools
such as Revit, Bentley and ArchiCAD, and BES pro-
grams (e.g., Green Building Studio, Ecotect, e(QUEST
and IES-VE) are supporting both IFC and gbXML
schemas [6]. BIM-based energy simulation can be per-
formed by importing the extracted information from
BIM models with the defined data exchange scheme.
Moon et al. [3] stated that there were variations of the
level of interoperability between existing BES pro-
grams and BIM, and additional input and modification
were inevitable when extracting the information from
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BIM to BES. Steel et al. [7] described four interopera-
bility levels between IFC and BIM including file, syn-
tactic, visualisation and semantic level. Among them,
the semantic level has the most difficulties in infor-
mation exchange such as issue of representation dif-
ference between architectural and energy simulation
models. Previous research has indicated six areas of
interoperability between BIM and BES: 1) location;
2) geometry, construction and space; 3) thermal zones;
4) occupancy, equipment and lighting loads; 5) HVAC
systems; 6) energy simulation [8]. There are some de-
velopments on information exchange between BIM
and BES tools from BES software vendors and re-
search institutions which primarily focus on the trans-
fer of geometric information (e.g. walls, shading sur-
face and windows) into BES tools [8—11]. Currently
there is insufficient definition or standard of interoper-
ability level between BIM and BES. Utilizing BIM for
BES purpose is therefore highly depending on sever-
al factors such as user experience of BES tools or pro-
grams, and collaboration level between BIM staff and
energy modellers.

This study aimed to identify some existing prob-
lems between BIM and BES tools by adopting a case
study of residential project, and to propose an ap-
proach to achieve the improved interoperability to per-
form building energy analysis. The study was divided
into three objectives: 1) to evaluate the influence of ir-
regular-shaped building envelope on interoperability;
2) to identify the misrepresented building information
between BIM and different BES tools; and 3) to use
a more interoperable workflow to run BES using the
same case study.

2. Methodology and background

The interoperability issue was investigated follow-
ing the workflow described in Fig. 1. Autodesk Revit
2015™12] was adopted as the BIM authoring tool in
this study. A case study building was adopted for test-
ing the information exchange from BIM to multiple
BES tools including Autodesk Ecotect 2011™ [13],
eQUEST™ [14], DesignBuilder ™ [15] and IES-VE
2015™T16].

It is a one storey 162 m? residential building
consisting of two building blocks (i.e., a round
house and a rectangular house shown in Fig. 1, re-
spectively). The building was a custom design at the
location of St. Lucia, a tropical island in the east-
ern Caribbean Sea. The orientation of the building
is north east faced with the unique curved walls and
slope roof. The gbXML was applied as the BIM ex-
changed scheme. The gbhXML is an open source lan-
guage developed to facilitate information transfer
between CAD-based building design files and build-
ing energy analysis software [17]. It is officially sup-
ported by 16 BIM authoring and CAD software tools
and 30 building energy analysis tools including four
BES tools in this study [18]. The gbXML specifical-
ly targets on thermal and energy related properties.
Compared to IFC which includes information from
building construction to building operation [19, 20],
gbXML could generate simple implementation and
improved interoperability with BES tools. The eval-
uation for interoperability in this study was carried
out under the six categories of criteria, namely build-
ing geometry, space composition, building construc-
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Table 1. Building construction information set in Autodesk Revit

Category Analytic construction U value [W/(m? K)]
Exterior walls Standard wall construction 0.3495
Roofs Sloping roof including loft 0.1589
Floors Wilton carpet on concrete 1.2908
Interior walls Light plaster, brick, light plaster 1.6896
Doors Wooden 2.1944
Exterior windows Low-E double glazing (1/4 in + 1/4in) 1.6743

2.1. Physical model preparation

The first step focused on creating the physical model
in Autodesk Revit as shown in Fig. 3.

As seen in Fig. 3, the architectural model was
simplified and the spaces and zones were defined. Fig-
ure 4 shows the interior spaces and zones defined in
BIM.

2.2. Building Information

Besides the location and weather information defined
in Revit, Table 1 displays an example of the building
information parameters set in Revit.

Other building information including operation
schedule, internal loads, and HVAC system were all
defined in Revit. For example, air changes per hour
was set at 0.35.

2.3. Converting BIM model into gbXML file

There are two typical approaches to generate gb XML
file from Autodesk Revit. The first approach is to uti-
lize the Energy Analysis function in Revit to auto-
matically generate the energy simulation model in
the gbXML format and then to upload the model to
Autodesk Green Building Studio (GBS). Afterwards,
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the gbXML file can be exported from GBS cloud ser-
vice and be imported into a BES software tool that is
compatible with gbXML. The advantages of this En-
ergy Analysis approach lie in the correct extraction
of non-geometric information including occupancy,
equipment, lighting and thermostat, weather of cool-
ing and heating design day, types and values of HVAC
system, and outside air information. However, discon-
nected building geometric elements were found from
the model in GBS as shown in Fig. 5.

Compared to the first approach based on Energy
Analysis, a second approach could preserve the build-
ing geometric information. However, the non-geomet-
ric information extracted in the gbXML format was
largely misrepresented. For example, information re-
lated to HVAC and outside air condition was largely
missing. In addition, the operation schedule informa-
tion was also misrepresented.

3. Results and discussion

Before running the interoperability evaluation be-
tween Autodesk Revit and different BES tools, a com-
bined solution was proposed as displayed in Fig. 6.
According to the combined approach, a Create
New function recommended by Autodesk Knowledge
Network [21] was adopted to extract the information

O:1 }i.wmln-:tlin.'anQ

Fig. 5. Disconnected building elements in 3D VRML view in GBS
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from Autodesk Revit. It yielded an opportunity to cre-
ate gbXML format with fully integrated building ge-
ometric information. According to Fig. 6, a GBS pro-
ject was firstly created by incorporating the non-ge-
ometric information (e.g., locations, internal loads,
operation schedules, HVAC systems, and outside air
information) from Energy Analysis. By using the Ex-
port gbXML method, the GBS project would be up-
dated [21]. Continuing following the steps illustrated
in Fig. 6, the building model updated in GBS was im-
proved as seen in Fig. 7.

An improved GBS project model displayed in
Fig. 7 was then ready to be transformed to BES tools.
By trials of the four different BES tools in terms of
their interoperability with Autodesk Revit, multiple
information gaps were identified as shown in Table 2.
Overall, eQUEST was most compatible with BIM
model from Revit due to the fact that Green Build-
ing Studio utilizes industry standard DOE-2.2 same
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as eQUEST. Ecotect was most incompatible with
BIM model as it only identified the building geome-
try of regular shape. DesignBuilder was able to im-
port correct geometric information from BIM model
but non-geometric information was misrepresented or
overwritten by template. Although space composition
and building construction were successfully trans-
ferred in IES-VE, it was incompatible with irregular
shape and overwrote information of internal loads, op-
eration schedules and HVAC systems.

According to Fig. 8, the round or irregular-shaped
building envelope was more likely to be misrepre-
sented in BES tools compared with regular-shaped
buildings. Four BES tools experienced different lev-
els of geometric interoperability problems which con-
firmed the findings from previous research [22, 23].
Despite that some BES tools may display certain su-
perior interoperability performance with BIM than
others, several general interoperability problems were

Fig. 7. Full integrity of building geometry of updated GBS project
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Table 2. Summary of interoperability between BIM model and BES tools

BIM model

Ecotect  eQUEST DesignBuilder IES-VE

Building geometry Regular shape

Irregular shape

J J N N
\/

X

X

Space composition Name

Thermal zone

Building construction Category

U value

Internal loads Number of people
Sensible heat gain
Latent heat gain
Lighting power density

Equipment power density

Operation schedules Occupancy schedule
Lighting schedule
Equipment schedule

Hourly value

HVAC systems Type of systems
Conditioned zones

Cooling and heating set points

X

x

22 22 0 2 2|2 2 2 2 2|2 2|2 X
X X

© O OO0 O O OO O O O O|=< =<2 =X

© O O|©0 O O O

X

Note: \ = Identified; x = Misrepresented; O = Information overwritten by software template

identified. Misrepresentation of geometric information
imported from BIM was not uncommon. For example,
separated windows on curved walls in BIM could not
be recognized in BES. In some cases, a single larger
window with the same glazing area might be needed to
replace the separated windows for energy simulation.
Irregular-shaped houses might not be saved of its en-
velope when the geometric information is transformed
from BIM to BES.

Interoperability at the semantic level mentioned
by various studies [24, 25] is another major challenge.
In this case study, lack of platform for transforming

HVAC parameters was found because of different siz-
ing options of HVAC systems in BES tools. For in-
stance, Ecotect oversimplified the options of few de-
fault systems and thermostat settings while IES-VE
[26] offered highly parametric HVAC configurations
with system components and control strategies. Be-
cause internal loads and operation schedules were as-
sociated with HVAC settings, the difference in HVAC
module further led to false transition of information
on them. Missing schedules of heating, activity level
and infiltration in gbXML file were also found during
the EnergyPlus simulation [27]. Other non-geometric
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Fig. 8. Building geometry of BIM model in BES tools: (a) Ecotect; (b) eQUEST; (c) DesignBuilder; (d) IES-VE
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information which could not be correctly transformed
from BIM to BES included building construction ma-
terials and thermal zones. For example, the glass door
in BIM was not treated as the same material after be-
ing transformed into a BES tool. Integrated Environ-
mental Solutions published white papers about BIM
and building performance analysis using Revit 2014
with lots of description about geometric information
transfer but seldom about non-geometric information
[11].

It remains a challenge to optimize different cate-
gories of building parameters when linking BIM into
BES, including but not limited to building geometry,
space composition, construction materials, internal
loads, operation schedules, and HVAC system. These
existing BES tools tested in this study could not in-
terpret correctly all the six categories of information
defined in Figs 1 and 2. In addition, current translation
between BIM and BES tools tends to be one-direction-
al meaning that any alteration of gbXML in BES tools
could not be updated back to the BIM model. The
shared information among architects, MEP engineers
and civil engineers through BIM has limited inclusion
of information related to environmental sustainabili-
ty, because existing BES tools have limited connec-
tion with BIM ecosystems. More work is needed in
bridging the information gap between BIM and ex-
isting BES programs to improve the interoperability.
It would also be necessary to compare the work effi-
ciency or time effort between BIM-driven BES and
remodelling the information in BES programs.

4. Conclusion

This study aimed to investigate the level of interoper-
ability between BIM and four different Building En-
ergy Simulation (BES) tools by adopting a residential
building as the case study. A round-shaped house was
adopted to test the interoperability level between BIM
and BES in terms of irregular envelopes. The study
started by proposing a combined workflow to enhance
the information exchange of both geometric and se-
mantic data when extracting the model from BIM.
These existing BES tools all yielded certain lack of
interoperability when connected to BIM, such as in-
correct geometric information (e.g., window numbers
and round-shaped building envelope) and disconnect-
ed semantic information sharing such as HVAC pa-
rameters. The study contributed to the knowledge in
interoperability in BIM and BES by identifying com-
monly encountered problems. More future work can
be performed to improve the interoperability based on
the problems identified, either in geometric aspects or
the semantic level. The study may serve as a general
guideline to professionals to determine how much in-
formation should be created for building energy simu-

Int. Rev. Appl. Sci. Eng. 9, 2018

lation. For instance, the initial energy simulation could
be conducted right after architects finish the conceptu-
al design in BIM before further details related to inte-
rior rendering, structural design, or building services
engineering design are ready.

The limitations of the current study lie in that it
just revealed several interoperability issues between
BIM and several existing BES tools. It has not pro-
vided corresponding solutions to handle these issues.
Moreover, only one simplified small-sized residential
building was adopted as the case study. It is expected
that more interoperability would be found as the pro-
ject becomes more sophisticated. The combined ap-
proach adopted in this study is still simple and unable
to solve more interoperability problems. Future work
could apply more effective methods, such as program-
ming, development of interface, and algorithm, etc.
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