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ABSTRACT: The drive to improve environmental design standards while maintaining stringent comfort 
controls and project delivery within time and budget constraints demands improved techniques for the 
analysis and rapid-feedback of the impact that design decisions will have on these criteria. This paper 
outlines the development and implementation of a new tool for building simulation and analysis at the 
early design stages. The tool utilises existing open-source and freely-available technologies through a 
BIM framework to create a cost-efficient, scalable, multi-physics, unified three-dimensional modelling 
environment for computational fluid dynamics (CFD), thermal energy modelling, day-lighting, shading 
and life-cycle analysis from early concept design stages.

The tool extends the functionality of an open-source three-dimensional modelling and animation tool to 
allow  users  to  enter  or  import  building  information,  constructions  and  other  boundary  conditions 
relevant to scientific analysis of building design from within a single modelling environment.  Results 
from a case study on the application of the tool are presented which demonstrate the robustness and 
flexibility of the modelling framework.
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 1 INTRODUCTION

The introduction and tightening of energy efficiency standards within the statutory building codes of most developed 
countries  are  placing  increased  importance  on  environmentally-sensitive  design  of  buildings  and  the  urban 
environment across all sectors. Further to these mandated changes, the rising cost of operating a building over its  
life-cycle;  voluntary  moves  towards  more  sustainable  outcomes;  and the  introduction  of  commercially  attractive 
marketable rating tools are accelerating voluntary-based client-driven demand for sustainable design. In response to 
this demand many designers are seeking to integrate an increasing range of passive and active systems into their  
earliest design iterations.  The selection of, and commitment to, such systems at this early phase, can have a great 
impact on the evolution of the developed design and its full life-cycle impact but is usually made without quantitative  
data. In lieu of this design information, systems that improve the performance of a building are shoehorned into a 
project at later design phases, to solve a designed problem. This often has cost implications as well as failing to 
maximise the efficiency of the building and proposed systems.

As the construction industry moves towards delivering more sustainable outcomes, there is a growing need for tools 
that  provide  accurate  and timely  quantitative  data  to  inform the  early  design  phases.    Without  this  data  it  is 
traditionally a designers knowledge and/or industry rules of thumb and client direction that guide many of the early 
and often crucial elements of a design.  While an experienced designer may achieve a very high level of performance 
without such quantitative data based upon experience alone, the rich level of design feedback has strong value in 
confirming design choices and permitting a more exact and rigorous comparison of the impact of design choices on 
overall building performance.  For a less experienced designer or students, building simulation can be an effective 
tool for gaining an understanding and a “feel” for the impact that their design decisions have on energy consumption 
and thermal comfort.  

Designers are increasingly exploring the use of low-cost, active as well as passive systems in early design iterations. 
They have however, traditionally lacked access to quantitative data for these early phases; which can result in design 
options which may have a high capital cost being cast aside as their overall benefit to the whole building design or 
life-cycle cost mitigation cannot be quantitatively justified. The drive to improve environmental design standards while 
maintaining stringent  comfort  control  and project  delivery within time and budget  constraints demands improved 
techniques for the analysis and rapid feedback on the impact that design decisions will have on these criteria.  

Quantitative sustainable design inputs, when they are employed on a project, are often being treated as problem 
solving exercise once a design proposition is well progressed. The investment of time on selection and assessment 
of their value is usually only done after many of the initial ground-laying decisions have already been made. In order 
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to optimise the performance of a building design, designers should have early access to meaningful performance 
information and it should be more seamlessly integrated into the design process not treated as a separate exercise.  

There is need, as we progress to more environmentally responsible designed outcomes, for our industry to reassess 
its relationship with scientific  modelling,  to broaden it’s  use, bringing it  into more projects  and into early design 
phases. to have a highly regulated standards-based design methods and information; and/or a perceived lacking in 
reliability and robustness.

Accordingly this project has the following major goals: 

1. Contribute to the development of a new paradigm in modelling-based design and analysis of indoor and 
outdoor environments;

2. Consolidate a suite of scientific analysis tools into one graphical user interface such that design ideas and 
alterations or material options can be quickly tested across the various tools to gain a holistic understanding 
of their implications;

3. Maximise the value of the model through the use of established, industry-recognised tools, which provide 
meaningful data and a model which remains relevant throughout the design life of the project, from early  
form and material testing, through to statutory rating analysis, and potentially into the tracking a buildings 
performance throughout it’s life and integration with BIM;

4. Maintaining  the  integrity  of  data  beyond closed  propriety  software  to  enable  an  ease of  transfer  from 
designer to engineer and back to allow for team integration and feedback with improved delivery ease and 
times, as well as future proofing information; and

5. To  encourage  and  facilitate  the  use  of  scientific  data  in  the  early  design  phase  of  constructions  by 
addressing  the  ease,  speed and economy of  the process,  thus  broadening  the  potential  for  uptake in 
building projects.

This paper presents preliminary results related to technical  objectives 1-4 stated above.  An overview of  a new 
software tool-set is provided as well as preliminary results from its application to the design of a residential house.

 1.1 Background

In concert with contemporary studies of the thermal performance of buildings, the field of building simulation has 
advanced to become a mature discipline in construction engineering.   Today, building simulation is seen as an 
integral tool to virtually prototype and test designs prior to construction and operation.  The importance of building  
simulation is further emphasised by the explicit need for this type of modelling in the voluntary Green Star design tool 
as well as protocols for NABERS ratings which is cited as a design methodology in the Building Code of Australia.  
Hundreds  of  building  energy  simulation  programs  have  been  developed,  enhanced  and  are  in-use  by  various 
practitioners and academic research institutes around the world.  A thorough review of the most popular energy 
modelling programs in use today is provided by Crawley et al. (2008) and Hong et al. (2000).

In more recent times the term “building simulation” is used to describe a broader range of more computationally-
intensive modelling beyond thermal heat-transfer analysis which are working their way into mainstream contemporary 
design of  high performance buildings such as:  computational  fluid  dynamics (CFD),  physically  accurate lighting 
simulation and acoustic analysis.  The introduction of these multiple aspects of building simulation has resulted in the 
formation  of  specialist  sub-disciplines of  engineering  design  practice.   This  separation  of  modelling  and design 
processes results in a disparate design process with design managers receiving fragmented feedback at varying 
time-scales throughout the design process.  Some research is ongoing in the coupling of these various modelling 
methodologies, such as Strachan et al. (2008). However, more work is required before a practicable, cost effective 
and rapid methodology that is sufficiently simplified for users of a non-technical background is achieved. 

Preliminary  work  developed  an  initial  framework  which  brings  together  multiple  aspects  of  building  simulation, 
particularly lighting simulation, thermal energy network modelling and CFD in a closely-coupled user interface.  This 
paper presents the implementation of this framework in a user-friendly graphical user-interface that is suitable for use 
by designers of even a non-technical background to inform the early design stages. Some preliminary results are 
presented to demonstrate the use of the application of the tool through a case-study of the the design of a residential 
dwelling in Perth.  

 2 SOFTWARE DESIGN 

At the core of the approach is the development of a unified modelling environment that closely couples analysis of  
building physics including thermodynamics, fluid-mechanics, heat-transfer and lighting-simulation methodologies.

 2.1 Design philosophy

The goal of the software design is to create a tool for the rapid development and testing of commercial and domestic  
building design. It brings to together many already existing open-source tools to produce a platform for modelling and 
interaction of the results of many simulation methodologies. The use of open-source software as a basis for  the 
software framework is important for scalability as well as cost considerations both of which facilitate the introduction 
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of advanced modelling tools into areas of a notoriously budget and time-constrained industry where expensive tools 
and long calculation turn-around times previously would have made use of these tools infeasible. 

Another major factor in the design philosophy of the software is never to “re-invent the wheel” where an existing tool 
does the required job. This is important so that: a) a high-quality user experience is maintained (i.e. the years of 
research and development that  has gone into the development of  Blender should not be wasted and would be 
difficult to replicate without exhausting masses of time and money; and b) ensures that the maximum of coding effort 
for the project can be directed towards assisting truly new and innovative techniques and methods to the industry.

The use of open-source technologies as the core solution engines is an important design consideration for the tool as 
it  addresses a major limitation of scalability that is inherent in some software licensing. Currently CFD, rigorous 
daylight  and lighting  analysis  and parametric  thermal  energy  modelling  at  the early  design stage is  avoided in 
industry-practice for all but the high-end projects due to the prohibitive costs of a large number of parallel licenses 
required to turn results around within a time-frame that is in-line with the rest of the design team at this early stage.  
Case-studies  making  use  of  the software indicate  that  the reduction  in  cost  and increased scalability  achieved 
through its use permit reduction in cost and turnaround time by orders of magnitude over current industry-standard 
practices, permitting the introduction of these tools in small to mid-sized projects and at early stages that otherwise 
would not make use of such technology. 

 2.2 Blender and the Python-based API

The framework exploits the robust API of the three-dimensional modelling package “Blender” which is used as the 
basis for user input and manipulation of the data through a graphical interface.  This software is used as a basis for  
the user interface because the software architecture of the modelling package permits access to almost all aspects of 
the model data structure through the Python API.  This modelling platform is: also fully cross-platform; able to input  
and output a wide variety of file formats; and makes use of portable model files that are also heavily backward-and-
forward compatible. As such it  is  an ideal  candidate for the front-end to a robust,  extensible,  information-based 
modelling framework.

The graphical front-end and user-interface is provided primarily through the Blender modelling environment.  The 
interface to the software is provided through an add-on to Blender  and takes advantage of  the improved User 
Interface (UI) and Python API in the latest versions of Blender (> 2.50). All menus for entering boundary conditions,  
manipulating the model and executing simulations are integrated with the Blender user-interface. 

This interface with a powerful 3D tool creates a unique modelling experience which makes the tool ideal for early-
design stage architectural work where three-dimensional aesthetic and subjective design decisions must be balanced 
with functional and scientific consideration in order to achieve a well-rounded an high-performance design. This level 
of user-experience was also a major design consideration of the software project in choosing Blender as the basis for 
3D geometric modelling. 

Most simulations (specifically Energy and CFD modelling) rely on simplified geometric representation of the domain 
and therefore an original model created at early design stages can normally be used right the way through to a 
detailed design stage. Interfacing of Blender and the software with CAD packages at this stage can be carried out 
through making use of import and export scripts within Blender and the relevant CAD/BIM package. 

The  Python  programming  language  enables a  common  programmatic  interface  to  the  software  packages 
OpenFOAM, EnergyPlus and Radiance which facilitate detailed CFD modelling, thermal-energy and HVAC system 
modelling and physically  accurate ray-tracing respectively.   The Python interpreted scripting language facilitates 
cross-platform portability and execution of the code and is used as the basis of application programming interfaces 
(API) for many software platforms.  The framework permits setting and storing of boundary conditions, exporting of  
relevant case-files and execution of the modelling package for all modelling platforms from a common geometric 
description.

 2.3 Computational Fluid Dynamics

OpenFOAM (Open Field  Operation  and Manipulation)  is  a  C++ toolbox  for  the  customisation and extension  of 
numerical solvers for continuum mechanics problems.  In this project it is used exclusively as the engine for solution  
of fluid-dynamics related physics within the domain of interest.  OpenFOAM-based applications will be used that are 
relevant to the solution of a variety of CFD problem-types including incompressible and buoyant-compressible flows 
as well as a variety of solution methodologies such as Reynolds-Average Navier-Stokes (RANS) and Large-Eddy 
Simulation (LES) turbulence models.  The OpenFOAM simulation engine may be used to investigate porosity and the 
impact of structures on natural ventilation and convective heat transfer.  

 2.4 Lighting simulation

The Radiance lighting simulation engine uses a hybrid approach of Monte Carlo and deterministic backwards ray 
tracing to compute radiance values and carry out physically accurate lighting calculations.  Core solution methods are 
provided by the engine to calculate mapped radiance as well as irradiance values at points of interest within the 
domain.   The Radiance simulation engine may be used to  assess visible  light  as well  as thermal  radiant  heat 
penetration within complex domains.  
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The output from a Radiance render is called a high-dynamic range (HDR) image. An HDR image is simply an image  
where colour values are specified using floating-point numbers instead of integers between 0 and 255 or fractions  
between 0 and 1 as is the standard practice for regular image processing. The use of floating point numbers to 
represented colour values allow each pixel to store a high range of values from −∞ to +∞.  An exemplar of the 
improved interoperability and functionality that can be achieved through the use of open-standards and data formats 
is  provided  through  Blenders'  native  support  of  the  HDR  image  format.   As  such,  all  image  processing  and  
manipulation of the rich HDR image data can be performed within the common Blender environment.

 2.5 Thermal-energy modelling 

EnergyPlus is an energy analysis and thermal load simulation program which calculates the heating and cooling 
loads necessary to maintain thermal control set-points. The energy consumption of primary plant equipment as well 
as many other details are determined through constructing accurate models of the HVAC systems and controls as 
well as detailed building material thermal properties and then simulating the thermal dynamics of the whole building 
and HVAC systems using an explicit forwards time-stepping scheme based on data for a typical meteorological year 
for the region.

 3 COUPLING OF THE SIMULATION ENGINES

While each simulation engine is extremely powerful, they all suffer from a lack of user-interface as well as requiring 
complex input formats.  As a result, practical projects that might make use of two or more of these tools do not use a 
common modelling interface and the result is a disparate modelling process with little consideration of the impact of 
the results from the one model on the other.  

It has been determined through prior work of Pitman M. (2009a,b) and Pitman and King (2009) that for practicable 
applications the coupling of these tools is most effective if performed at the user-level as opposed to a fundamental 
equation-level  (i.e. coupling of the building physics).  By enabling a faster turn-around of results and execution of 
multiple  modelling  methods  from a  common model  and  single  user-interface  a  designer  may consider  multiple 
physics within the design process, thereby loosely coupling the physics.  The proposed Python-based framework 
enables this type of analysis and works to improve communication of boundary conditions and geometry for these 
tools at a user-level.

The design of the tool focuses on suitability for building simulation and analysis at the early design stages.  The 
approach brings  together  existing  academic  software  and methodologies  as  well  as  low-cost  high-performance 
computing hardware technologies to create a unified environment for management of building information as well as 
design and modelling data.  This design has the potential to reduce commercial modelling cost and turnaround times 
by orders of magnitude over traditional segregated approaches. This enables a greater quantity and quality of design 
feedback at earlier design stages when well-informed design decisions can have the greatest influence on full life-
cycle environmental  impact.  This novel approach has application as a design and analysis tool in: the industrial 
design of high-performance energy-efficient designs ; as a research tool for the investigation of building physics and; 
as an education tool or “virtual laboratory” for students of building science.

The tool wraps an array of existing technologies through a data-management framework to create a cost-efficient, 
scalable,  unified  multi-physics  modelling  environment  for  computational  fluid  dynamics  (CFD),  thermal  energy 
modelling,  day-lighting,  shading and life-cycle  analysis from early concept design stages.  The tool  extends the 
functionality of a three-dimensional modelling tool to allow users to enter or import building information, constructions 
and  other  boundary  conditions  relevant  to  scientific  analysis  of  building  design  from within  a  single  modelling 
environment.  The work-flow allows the exploration of complex geometries, constructions and aesthetics and the 
impact of these on multiple aspects of building performance.  

A software stack of industry-standard, solving engines for CFD, thermal energy modelling and  lighting analysis are 
used to model the various aspects of building physics.  These tools were chosen specifically for their high academic 
standard, robustness, accessibility, usability and cost.  Efficient wrapping of these tools with the Python-language 
based  user-interface  permits  a  seamless  process  for  three-dimensional  construction,  application  of  boundary 
conditions, execution and post-processing of results from within a unified modelling environment.

The use of existing and readily available academic-based technologies as the core solution engines is an important  
design consideration for the tool as it addresses a major limitation of scalability that is inherent in some software 
configurations.   A  major  outcome of  this  project  is  to  address  this  inherent  complexity  and  cost  and  allowing 
advanced design techniques to be applied to not only the premium design market.

For example, currently CFD at the early design stage and parametric thermal energy modelling is avoided in industry 
for all  but  the high-end projects due to the prohibitive costs of  the highly-parallel hardware and software set-up 
required to turn results around within a time-frame that is in-line with the rest of the design team at this early stage.

 4 CASE-STUDY - RESIDENTIAL EARTHEN CONSTRUCTION

 4.1 Background

The first case study focuses on the modelling design of a detached residential property in Perth, Western Australia.  
The  house  as  designed  as  a  compact  180m2,  4-bedroom,  2-bathroom  dwelling  consisting  of  an  open-plan 
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kitchen/dining/living area.  The envelope formed a two-level  L-shape in order to maximise the garden area of what is 
effectively a 300m2 subdivided rear block with lane-way access which are common in Perth’s older suburbs close to 
the CBD.

The modelling tool was used to compare the impact of primary construction material selection on overall  energy 
consumption (heating and cooling) of the property.    Further to this the L shaped design was assumed by the 
architect to provide a comfortable outdoor living area with protection from Perth’s famous strong winds. This was 
verified using the computational fluid dynamics capabilities of the software. Preliminary studies have also been done 
in the Radiance tool within the software to explore the day-lighting and solar radiation aspects of the design. Both 
these tools have the capacity to analyse the active mechanical and lighting designs in future design phases. 

The architects' schematic design model  developed in Blender based upon sketch a design.   Significant thermal 
zones and shading elements of the design were traced developed with the aid of helper-functions that form part of 
the add-on.  A plan of the sketch design as well as perspective renders from the north and south of the model in  
Blender with thermal-zones applied and ready for simulation are shown in  Figure 1.

 4.2 Thermal-energy modelling

In order  to  provide a simple basis for  comparison of  construction materials,  the internal  spaces were assumed 
permanently conditioned to between 20 and 24ºC and the annual heating and cooling energy requirements from an 
ideal (100\% efficiency) HVAC system was recorded.  In order to provide the most simple basis for comparison the 
dynamics of infiltration and natural  ventilation were ignored in this case. The modelling initially focussed on the 
construction types listed in Table 1.

A comparison of the annual cooling and heating energy consumption for these materials is shown graphically in 
Figure 2.  The results indicate that even with the low R-value of the uninsulated rammed-earth wall the year-round 
cooling energy requirements  are 30% reduced over the lightweight construction, however the year-round heating 
energy  requirements  increases  by  22%,  resulting  in  an  overall  10%  reduction  in  space  conditioning  energy 
requirements.   The  addition  of  an  insulated  reverse-veneer  to  the  rammed-earth  has  a  similar  overall  thermal 
performance to double-brick insulated to the same R-value with a less than 1% difference between both the heating 
and cooling energy requirements.  The improvement in energy over the uninsulated case is significant with a 12% 
improvement in cooling energy and most notably a 40% reduction in heating energy.

Previous work by Soebarto, V (2009) found that, based on a comparison of insulated and uninsulated rammed-earth 
construction, using only rammed earth walls would result in 19  to 29% more discomfort degree hours annually than if 
the walls were of insulated rammed earth walls.  The author also notes that more heating would be required in a 
house that only uses rammed earth walls.  The results of this study compare well with the results of Soebarto and 
indicate  that  a  rammed-earth  construction  that  is  insulated  and  clad  outside  to  meet  BCA  deemed  to  satisfy  
provisions (R-value of 2.5) may result in up to 60% reduction in annual heating energy consumption as compared to 
an uninsulated construction. 
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Figure 1: (a) architects' sketch design; and perspective renders of the thermal model in Blender from the 
south (b) and north (c)



Table 1: Description of constructions tested for external walls

Case Description R-value

1 Lightweight insulated to BCA standard 2.8

2 Uninsulated rammed-earth 0.23

3 Rammed-earth with insulated reverse-veneer outside 2.8

4 Double-brick with insulated cavity 2.8

5 Case 2 with insulated reverse-veneer to R2.8 on Easter walls 0.23/2.8

6 Case 2 with insulated reverse-veneer to R2.8 on Northern walls 0.23/2.8

7 Case 2 with insulated reverse-veneer to R2.8 on Southern walls 0.23/2.8

8 Case 2 with insulated reverse-veneer to R2.8 on Western walls 0.23/2.8

9 Case 2 with insulated reverse-veneer to R2.8 on all but Northern walls 0.23/2.8

10 Case 2 with insulated reverse-veneer to R2.8 on Southern and Eastern walls 0.23/2.8

Figure 2: (a) Comparison of year-round energy consumption with walls constructed from: 1) Lightweight 
construction to R2.8; 2) Uninsulated (raw) rammed-earth of ~R0.28; 3) rammed-earth with insulated reverse-

veneer on outside to R2.8; and 4) double-brick with insulated cavity to R2.8.  (b) effect of insulating the 
rammed earth construction (Case 2) on only the E, N, S, W, S&E&W and S&E walls only.

However, the results from this study also indicate that the use of the uninsulated rammed-earth construction results  
in a 15% increase in overall annual heating and cooling energy as compared to a lightweight construction that meets 
BCA deemed to satisfy R-values.  This result is supported by Soebarto who noted that, in observed results the total 
annual energy use per person of the two rammed earth houses that were studied was around 50% of the average 
energy use per person in the region.  Soebarto justifies this result by suggesting that it is likely that the occupants of 
rammed  earth  houses  have  a  different  perception  and  attitude  toward  their  “thermal  comfort'”  as  indicated  by 
occasional not continuous use of space heating in winter.  The results from our study indicate that the thermal mass 
of a raw rammed earth construction, although having an R-value almost 10 times lower than BCA standards, may 
reduce total energy consumption by up to 10% over lightweight constructions in this climate zone.  This indicates that 
a  contributing  factor  towards  the  lower  energy  consumption is  the  thermal  properties  of  the  rammed  earth 
construction, namely its significant thermal mass and its impact on reducing cooling requirements significantly, and 
not necessarily just the occupants' attitudes and perceptions which account for this improved energy performance of 
rammed earth construction.

 4.3 Computational fluid dynamics (CFD)

The position of the outdoor space and courtyard was designed to provide some protection from the strong prevailing 
south-westerly winds that are common in summer afternoons in Perth.  Using the add-on a CFD model of the outdoor 
area and surrounding residents could rapidly be constructed from the same model.  The CFD modelling may be used 
to assess external as well as internal air and heat movement.  In this case only the external wind environment was 
calculated using CFD in order to qualitatively assess the wind environment in the outdoor area.

This CFD model made us of the steady-state incompressible solver “simpleFOAM” built from OpenFOAM libraries. 
the “simple” does not refer to the complexity of the solver or the difficulty of the tutorial. Rather, “SIMPLE” is a type of 
solution methodology that is used inside of the CFD algorithm to achieve a steady-state result.  

Stream-traces of the calculated wind flow around the outdoor area under a south-westerly wind are shown in Figure
3.  The stream-traces are shaded by velocity magnitude and indicate that there is a protected recirculation zone of 
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low velocity air movement that is formed in the wake of the building structure while a region of higher velocity wind 
cuts through the garden area.  The positioning of trees or other porous barriers could be a possible strategy to 
mitigate the impact of this high velocity region on occupant comfort.

 4.4 Day-lighting analysis with Radiance

As the proposed  design progresses into the design development phase, the solar radiation and the  day-lighting 
analysis, which have been used to help broadly guide the initial form development,  will  be employed in a more 
refined manner to inform the shading and fenestration elements. 

The integration of  the Radiance ray-tracing package into the software framework aids in the rapid analysis and 
feedback of the impact of the design of shading elements on internal lighting levels.  The ability to move seamlessly  
between  energy-modelling  (EnergyPlus)  and  lighting  calculations  facilitates  the  design  of  shading  elements  to 
achieve an optimal balance between natural light-penetration and thermal-energy performance.

Radiance ray-traces may be taken from either a perspective camera view or at  a cut-plane through the model.  
Figure 4 shows a preliminary ray-trace of an upstairs room at 6pm near the summer solstice as well as a false-color 
plot lux-levels obtained through processing of the Radiance high-dynamic range image.

Figure 4: (a) Physically accurate Radiance render of an upstairs room; and (b) false-color lux-level image 
from the same perspective.

 5 CONCLUSION

Our preliminary work has yielded a new approach which couples complex CFD, lighting and heat-transfer analyses 
with an intuitive and user-friendly graphical user interface to facilitate the rapid and cost-efficient analysis of building 
design by even those from a non-technical background.  

This tool has already been received very well within academic education as it has been adopted internationally as a 
teaching tool for students of building design at the University of Connecticut and Curtin University.  Further to this, the 
tool has achieved industry acceptance noted by adoption of the working methodology within local and international 
building services engineering and design firms.

The further development of this tool-set to handle the multiple aspects of building physics in a closely coupled way 
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Figure 3: Stream-tracers of flow under a 10-knot SW wind coloured by velocity magnitude. (a) top-view 
highlighting low-velocity recirculation zone in outdoor area; and (b) perspective view of outdoor area



will facilitate a leap forwards in the use of building simulation within mainstream design.  This will enable design 
teams access to time as well as cost-effective methods that will have a significant impact on sustainable design and 
development in Australia and internationally.

 5.1 Further work

Further development of this tool-set will focus on improved coupling of the building physics.  Also an objective for 
further work is the semi-automated design of some building elements such as shading elements by inclusion of a 
non-linear optimisation algorithm such as a genetic algorithm.  This will enable design teams access to time as well 
as cost-effective methods that will have a significant impact on sustainable design and development in Australia and 
internationally.
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