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Figure 12: Visualising results of queries 

The following screenshot shows an example where all the zone scores have been colour 
coded.  

 

Figure 13: An example of how to present BPI and BFI more graphically by color coded indices 

 
Adding Intelligence 
 
Rules can be created working as an added layer of business intelligence using the raw, yet 
comprehensive data of the integrated database. For example BPI and BFI scores can be 
calculated automatically for zones. This can be done by aggregating the scores of objects 
‘in’ the zone.  

zones 

Rooms 

BPI Score on zone 
level by aggregating 
room scores 

Objects where 
BPI < 80 
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Adding intelligence: 
power cuts have 

consequences for 
neighbouring rooms 

Other types of rules can help assess what will happen when for example a certain service is 
failing. The following example shows what happens when power is cut in one of the rooms. 
The system automatically shows the rooms affected by this action. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Computing and visualising the impact of taking a service out of commission 

 

9.4 Interoperability using the IFC 

CAD interoperability 
 
To gradually develop a digital facility model, the usage of IFC has been proposed. To 
demonstrate the feasibility of IFC based data, Arup’s structural model has been exported 
from Bentley’s Microstation in IFC format. This file has been imported in ArchiCAD without 
loss of data and then extended with rooms. From ArchiCAD a new expanded export in IFC 
format has been used in the showcase software used by CSIRO. 
 
This modest, but informative, test has confirmed that a partial model of the House could be 
created. Where possible, this test model adopted the standards proposed in the draft BIM 
Standard Specification for Sydney Opera House. Structural, Architectural and Analysis 
applications were able to share and collaborate with the same model data.  
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Figure 15: IFC interoperability between different software systems. 

Extending the model with Benchmarking 
 
Figure 16 is a simplified data model for storing and retrieving benchmarking data. The data 
model defines zones having several functional spaces. The functional spaces contain 
elements such as doors, walls, etc. Several elements are already available in the Digital 
Facility Model such as the elements, doors, walls, etc. Such a schema can easily be 
implemented in a relational database such as a SQL DB. 
 

 

Figure 16: Simplified data-model for supporting benchmarking including relations to the IFC 
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This specific Sydney Opera House data-model can be linked with a standardised building 
information model such as the IFC. For example functional Spaces can be linked with the 
IFC Space (figure 17). 

 

Figure 17: adding company specific information. 

The result is an integrated model combining the IFC with a benchmarking data model. This 
approach has been implemented resulting in a system re-using IFC data extended with 
Sydney Opera House specific functionality such as BPI history data, etc (figure 18). 
 

 

Benchmark objects Zone object 

BPI 

Sydney Opera House 

IfcWall 

Zone object 

BPI 

IFC Model 

IfcSpace 
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Integrated 
Database 

Application #1 Application #2 Application #3 

Figure 18: IFC based showcase extended by Sydney Opera House benchmark model 

 
This showcase demonstrates the re-use of the IFC model for FM purposes and 
demonstrates the potential of extending the IFC with more organisation specific information.  
 
9.5 Technical Recommendations 

Centralised Approach 
 
Temporarily setting aside existing tools and infrastructure, an ideal situation would be to 
have an integrated data model containing all relevant information for Sydney Opera House 
for different departments (Figure 19). Such a data model would have a benchmarking 
module containing the necessary benchmarking data. All other necessary data would be re-
used. The data would be reasonably maintainable. However the applications need to be 
compliant with this data model. It seems that extending the IFC data model could potentially 
be such a data model. In addition a heterogenous solution containing for example a SQL 
database and links to the IFC model is also feasible. 

 

 

 

 

 

 

 

Figure 19: Integrated data model. 

Decentralised Approach 
 
Already several systems are installed such as ‘MainPac’ and space planning software. 
These software systems have their own database or data storing mechanism. Overlap of 
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Database #1 

Application #1 Application #2 Application #3 

Database #2 Database #3 

Room planning 
calendar service 

Maintenance 
calendar service 

Location service Benchmarking 
service 

Intranet 

information can be present. This means that similar information resides in different 
databases resulting in redundancy. In order to keep all systems up-to-date changes in the 
data must be communicated to several other databases. Integration of these databases 
means that these relationships have to be determined and implemented (Figure 20). When 
many applications are available the amount of relationships can increase rapidly.  
 

 

 

 

 

 

 

 

 
Figure 20: Decentralised approach. 
 
The decentralised approach is also a feasible approach. Nowadays standardised 
communication languages are available. Querying over different systems and combining its 
information is possible. A simple interface could be the based around the unique ID of each 
element. For example a room planning calendar service could provide booking information 
based on a room ID (and a date). The maintenance calendar could do the same thing for 
maintenance operations. Location service could provide the location of an element by 
submitting its ID. Software applications can use these services to provide its users more 
information (Figure 21). 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Potential Web services for Sydney Opera House 
 
An advantage of these web services approach is that the systems are loosely coupled. 
Updating a system or completely replacing one can be done without problems when the 
service is kept the same. In addition new services can join the intranet in order to deal with 
future extensions. 



 

 53 

10. Key Findings and Recommendations 

10.1 Findings 

The project has established the following: 
 
BIM – building information modelling - is an appropriate and potentially beneficial technology 
for the storage of integrated building, maintenance and management data for Sydney Opera 
House 
 
Based on the attributes of a BIM, several advantages can be envisioned: 
 

• Consistency in the data. Data is accurate and multiple versions of the same data are 
eliminated. 

• Intelligence in the model. For example windows are automatically related to walls 
and cannot be located otherwise. A switchboard is part of a logical network of 
circuits, is geometrically described and is located spatially in a room on a storey of 
the building. Changing the height of a wall automatically updates relationships, 
quantities, etc.  

• Multiple representations such as 2D drawings, 3D views, bills of quantities, logical 
connections (a building services system schematic)  

• Source of information for intelligent programs. For example several CAD packages 
offer capabilities for sunlight analysis, acoustic performance and sustainability rating 
etc. 

• Intelligent queries such as how many steel beams are in the model > 2 metres, etc or 
which fire-rated doors have a current compliance certificate? 

 
The IFC – open building exchange standard – specification provides comprehensive support 
for AM / FM functions, and offers new management, collaboration and procurement 
relationships based on sharing of intelligent building data. 
 
The major advantages of using an open standard are: 
 

• The information can be read and manipulated by any compliant software; 

• Reduced user “lock in” to proprietary solutions. Third party software can be the “best 
of breed” to suit the process and scope at hand; 

• Standardised BIM solutions consider the wider implications of information exchange 
outside the scope of any particular vendor; 

 
The information can be archived as ASCII files for archival purposes. 

 
Data quality can be enhanced as the now single source of users’ information has improved 
accuracy, correctness, currency, completeness and relevance. 
 
Sydney Opera House current building standards have been successfully drafted for a BIM 
environment and are confidently expected to be fully developed when BIM is adopted 
operationally by Sydney Opera House 
 
There have been remarkably few technical difficulties in converting the House’s existing 
conventions and standards to the new model based environment. This demonstrates that 
the IFC model represents world practice for building data representation and management. 
 
Sydney Opera House has already implemented data quality checks to improve reliability and 
synchronisation of data which is a good platform for further development 
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Availability of FM applications based on BIM is in its infancy but focussed systems are 
already in operation internationally and show excellent prospects for implementation 
systems at Sydney Opera House 
 
In addition to the generic benefits of standardised BIM described above, the following FM 
specific advantages can be expected from this new integrated FM environment: 
 
Faster and more effective processes – information is more easily shared, can be value-
added and reused; 
 
The IFC specification allows for any number of user or project specific properties according 
to a common format. This is one area where proprietary BIM solutions may constrain users. 
In some proprietary systems it is very difficult for an ordinary user to add additional 
properties;  
 

• Controlled whole life costs and environmental data – environmental performance, 
maintenance and investment is predictable, life-cycle costs can be analysed and 
understood; 

• Better customer service – information can be accessed in multiple formats 
appropriate to each user ie. seating plans are understood through accurate 
visualisation; 

• Common operational picture for current and strategic planning – as model data is 
inter-related developing scenarios and their impacts (such as budgeting for major 
maintenance, assessing security or understanding dislocation during construction 
activity) can be understood more easily leading to better decision making; 

• Visual decision-making – allows executives, management and lay users (particularly) 
to understand the nature and relationships of the facility, eg building services failures 
through graphic 3D or abstract views generated from the model, etc; 

• Total ownership cost model – all aspects of the facility including building usage and 
operations are in a single integrated repository. 

 
Tests with partial BIM data – provided by several of Sydney Opera House’s current 
consultants – show that the creation of a Sydney Opera House complete model is realistic, 
but subject to resolution of compliance and detailed functional support by participating 
software applications 
 
The showcase has demonstrated successfully that IFC based exchange is possible with 
several common BIM based applications through the creation of a new partial model of the 
building. Data exchanged has been geometrically accurate (the Sydney Opera House 
building structure represents some of the most complex building elements) and supports rich 
information describing the types of objects, with their properties and relationships. 
 
A Benchmarking System, already in use for a Building Presentation Index (BPI) for example, 
can be derived from the BIM model; whilst there are several options in detail, an ideal 
situation would be to have an integrated data model containing all relevant information for 
Sydney Opera House for various departments. Such a data model would have a 
benchmarking module containing the necessary benchmarking data. All other necessary 
data would be re-used. The data would be reasonably maintainable. However software 
applications need to be compliant with this data model. 
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10.2  Recommendations for Sydney Opera House 
 
In summary, this study has identified a technology solution that can be implemented at 
Sydney Opera House. An immediate benefit would be a description of information flows in 
the process and provide options for organisational and technical solutions to improve 
process efficiency. It would form an important road map to identify a technical and 
organisational frame work for improvement. 
 
It is recommended that: 
 

1. Sydney Opera House adopt standardised BIM for the support of asset and FM 
functions and proceed with the development of an Implementation Plan 

2. Sydney Opera House presents these findings to appropriate Government agencies 
and seeks evaluation of this report with a view to its adoption in NSW as the 
standard for the exchange of information in the Built Environment 

 
There are many factors about which this study team has neither knowledge nor a brief to 
consider, in particular funding, current asset and facility planning and operations, capital 
improvements, committed work etc.  
 
The recommendations below are thus aimed at providing a guide to the main steps needed 
to proceed with the conversion to a BIM based building information environment. 
 
The key steps needed for the Sydney Opera House to proceed to implementing BIM are 
outlined below: 
 

• Form a BIM Implementation Committee to manage the process with representatives 
from all relevant internal and external parties, directed by Sydney Opera House 

• Develop a budget for a (staged) implementation of the model 

• Collaborate with interested parties – reporting agencies, consultants, suppliers, users 
and the Sydney Opera House FM technical team to determine the availability and 
acquisition of operational BIM software to support model creation and management 

 
- Evaluate CAD tools that can edit model data and possibly host integrated 

data 
- Review Model Server options  
- Evaluate hardware needs for the above 

 
• Work with appropriate stakeholders to pilot BIM modelling and IFC exchange to 

certify they support, comply and can collaborate according to the new Sydney Opera 
House standards and procurement procedures 

- Ratify the draft BIM standards, in particular with the key disciplines of 
architecture, structure and building services. 

 
• Commence implementation in a sequence for example as follows: 

- Implement small discipline Sydney Opera House partial sub-models 
- Audit the existing Opera Hall sub-model to see how it complies with the 

Sydney Opera House BIMSS 
- Develop a plan to upgrade it, extend all the relevant discipline data and 

create a preliminary Sydney Opera House partial master model. 
- Review technology capabilities (servers etc) to suit the project master model 
- Develop a plan for the completion of the master models 
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• Liaise and regularly report on the BIM implementation with NSW Government and 
industry as a model of future information management, collaborative processes and 
potential for innovation 

 
In parallel 
 

• Develop a FM implementation plan to convert to the new BIM environment 

- Specify and procure an application  
- Audit the current systems and develop a staged conversion 
- Implement of convert trail benchmarking data 

 
Work with external suppliers and contractors to develop procurement systems based on the 
Sydney Opera House BIM model. 
 
10.3 Recommendations for the Facilities Management (FM) Industry 
 
Standardised Building Information Modelling as an integrated information source for FM 
processes including business processes is feasible.  
 

• IFC offers interoperability between CAD systems enabling re-use of building 
information 

• The IFC model is standardised making the data more future proof 

• Already commercial FM software systems are available using IFC data 

• Other related software such as energy prediction models and on-site monitoring are 
available using IFC data 

• The IFC model is extensible and can incorporate organisation specific requirements 
 
It is recommended that: 
 

• the FM industry adopt IFC for the sharing of asset and facility management 
information  

• the FM Action Agenda with related organisations evaluate this report with a view to 
adopting IFC as a national standard for the exchange of information for the 
Management of Built Environment. 
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