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Abstract 
As the demands on the built environment grow, the coordination and planning of 
development need to increase in both its ability to deal with complexity and scalability. 
Building Information Modelling (in this context, we limit it to the Industry Foundation 
Standard- IFC) provides a set of protocols for information exchange and long-term data 
legibility. Among other things these protocols give a means for representing three-
dimensional data, methods for separating out layers of a project and also for accounting 
timelines and project phasing. In this research, we highlight the importance of using 
building information modelling as a platform for data exchange between local council, 
developers and architects. The case of energy analysis in the thermal and visual 
environment is explored with regard to information transfer in the integrated design 
process. The feedback loops created by ubiquitous computing also provides an avenue 
for designing systems that optimize performance, minimize energy and make better use 
of resources.  
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INTRODUCTION 
With the building sector consuming half of the world’s energy, good design, coordinated 
and responsible development and construction management become ever more critical 
when we talk about sustainability. In the United Kingdom, housing makes up 45% of CO2 
emissions (Kim & Park, 2013), in the US, buildings use 38% (22% for housing) of the 
total energy (EIA, 2018)[2]. In Australia, 20% of greenhouse emissions are from housing 
(Australian Government, 2018). Various goals and targets have been set for the across 
the world. The 2008 Climate Change act passed in the UK calls for an 80% reduction in 
CO2 emissions by 2050 as compared to the level in 1990 (UK Government, 2018). The 
projected increase in energy usage is cause for concern.  

Projections from CSIRO give an increase of 0.4–2.0°C by 2030 and 1.0–6.0°C 
over the next 50 years in relation to 1990 levels (Hughes, 2003). Australia has seen a 56% 
increase in energy used by the housing sector over the last 30 years (Australian 
Government, 2018)]. This increase in predicted energy use is embodied in part by the 
need for more housing and development, as there is the anticipation of a population 
increase over the three next decades. For instance the countries in the Middle East and 
North Africa are predicted to have a population increase to 700 million people by 2050 
(from 400 million currently) (Roudi-Fahimi & Khan, 2011). Honour (2010) gives an 
estimate of 600,000 residential refurbishments needed in the UK to achieve  the goals of 
the Climate Change Act. In Australia, the Department of the Environment, Water, 
Heritage and the Arts report an increase in the number of occupied households of 61% 
between 1990 and 2020 (Australian Government, 2018). Therefore, there is a critical need 
for efficiency.  

This concerns both efficiency in managing the construction process and efficiency 
in the operation of the building environment. It is also clear that without a coordinated 
approach, with the best of human knowledge being disseminated and utilised within 
industry, too many unsustainable trends will continue to unfold. We use word 
‘coordinated’ as unrestrained growth in inherently unsustainable. In this research, we 
highlight the need for building information modelling (BIM) in the building sector, used 
not in isolation, but as an integrated approach. After a brief presentation of what is BIM 
and the method used to assess it against design integrated approach, following sections 
present case studies prior to the discussion and conclusion. 
 
METHOD 
 
Building information modelling (BIM) 
Building Information Modelling is a way of sharing data across multiple domains. Born 
from the need to develop better and more comprehensive integrated approach in design 
practices, BIM is ‘a process for creating and managing all of the inofmrationon a project- 
before, during and after construction’ (Aconex, 2018) which takes the shape of the 3D 
design but is far from being reduced to it. For example, it can incorporate data such as 
energy analysis and other forms of optimisation. In the context above-mentioned many 
of the set goals that have been legislated call for an increase in efficiency. Kim et al (2013) 
quote the definition given by the US department of Housing and Urban Development for 
‘affordable’ housing to include the costs associated with running a house (for example 
heating and cooling). Modelling and simulating allow designers to give proof of what the 
energy usage of a proposed structure will be. 

Another important feature of BIM is that BIM is, at a minimum, three dimensional 
with phasing allowing a timeline (4D and above). The integrated process of sharing a 
model means that there is a feedback loop allowing optimisation prior to construction. 
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Having a 3D model over 2D drawings, means that more complex designs can be analysed 
and simulated. It is already quite common for much of the fabrication such as 
manufacturing HVAC ducts which use the BIM data directly. 

Another element of BIM concerns the fact that having detailed models reduces the 
errors and requests for information during the construction process which in turn 
increases the efficiency of construction. There is also room for optimising the movement 
of material across projects. Kim et al (2013) cite a 40% reduction in total project cost 
when BIM was used. The savings from proper optimisation also have potential to be 
incredibly large but this is harder to quantify as not all BIM practices include the use of 
energy analysis. 

A BIM model is a much more robust way of storing the needed data about a particular 
structure. The UK and Singapore Government mandate the use of BIM for construction 
projects. This leads to more efficiency in versioning and being able to understand the 
different updates that a building has over its lifecycle. For the controlling entity i.e. the 
local council, having a model of the built environment allows the making of predictions 
and the coordination of development. Having a form of visualisation also gives the 
potential for larger stakeholder participation. An exciting branch of this, is community 
participation in public projects. 
 
Method 
Ultimately, the value of BIM is that it acts as a common language for the different 
disciplines. As a result, it is only effective, if industry works to given standards and there 
is a sufficient level of sophistication in the ‘virtual construction’ of models. As mentioned, 
one of the most underutilised areas within the construction and development is in energy 
analysis. In this paper, we look at three domains of analysis within a building information 
model. These are lighting analysis, thermal analysis, and ventilation simulation. Each of 
these will be reported on with respect to where they currently sit within the integrated 
delivery process. These case studies aim to highlight the complexity of multi-disciplinary 
design by looking at the inputs, outputs, stakes within the field. The relationship of the 
field to BIM and the issues related to a centralised model are also explored.  
 
LIGHTING 
Advanced lighting simulation tools aid designers to understand light behaviour in a 
building and make it possible to evaluate design alternatives from a lighting and visual 
comfort perspective at the very early stages of design. Simulation tools also are also 
beneficial alternatives in situations where placement and maintenance of sensors is a 
high-priced option (Bhavani & Khan, 2011). Due to the impact of lighting design on 
building performance and energy expenditure, as well as occupant health and wellbeing, 
simulation tools play an effective role in creating high-performance buildings.  
 
Outcomes of simulations and analysis 
Lighting simulation tools such as DIVA and DAYSIM provide information namely, 
radiation maps, time-lapse images, point-in-time glare, annual glare metrics, the daylight 
factor (at a point in time or averaged), illuminance (SI units lux), LEED-IEQ-8.1 
Compliance reports, climate-based metrics and load metrics. 
 
Stakes 
Daylighting determines the controlled utilization of natural light in and around buildings 
(Reinhart, 2014). It is the practice of placing glazing areas and reflective surfaces in a 
way that natural light provides effective internal illumination during the day. An effective 
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daylighting allows for adequate illumination to perform visual tasks, creates an attractive 
visual environment, and saves electrical energy and to provide the light required for 
occupant’s biological needs. A quality luminous environment is simultaneously pleasant, 
comfortable, and appropriate for its intended uses and users and impacts user’s 
productivity, mood, health and well-being as well as energy consumption (Lam, 1977). 
A poor daylighting design will end up either with inadequate amounts of light – resulting 
in the need for electric lighting - or excessive amounts of light, accompanied by glare 
Boyce et al., 2003).  

The work-life of most occupants comprises of many different visual tasks, and 
consequently changing demands on the lighting provided. Visual comfort and 
performance can be affected by the light variation within our field of view. For good 
visibility, some degree of uniformity of light is favourable. Visual discomfort, such as 
glare, and poor visibility may arise due to quick adaptation to a wide range of light levels.  
Too low or too high contrast can also lead to discomfort, tiredness and headaches. In 
general, the human eye can tolerate greater luminance variations in a day lit environment 
than when they are artificially lit. Glare can be experienced when luminance variations 
exceed 20:1 to 40:1 (Rea, 2000). In this situation, the eye adapts to the higher level of the 
glare source, which makes it difficult to perceive details in the darker working area. Glare 
from daylight may be caused by various potential sources such as the sun, bright sky and 
clouds, and surfaces reflecting the bright light. 
 
Data needed for Simulation 
Lighting simulation tools typically have several models built into them: 

• Sky model: In daylighting design, the daylight predictions and calculations are the 
basic prerequisites to predetermine design consequences and to create desired 
ergonomic conditions in interiors. For this reason, exterior lighting conditions are 
to be assumed or standardized. Thus, different CIE sky conditions such as 
overcast, clear etc. are accommodated. Though these sky standards do not have 
components for meteorological data of sunlight or cloud cover, they provide a 
sufficient reference for sky luminance distribution; 

• Room model: The room model includes information about room geometry, 
partition, door, the placement and size of windows, furniture, as well as the 
physical properties of the material in room components such as reflectance and 
transmittance; 

• Process model: Radiosity and ray tracing methods are used in different simulation 
softwares for the light process;  

• Occupancy model: The occupancy model defines using hours of the space and is 
being used to create, record, interpret and analyse lighting performance based of 
occupancy pattern of the given space (Bhavani & Khan, 2011); 

• Weather data: Models for incorporating weather data, solar radiation, wind speed, 
external illuminance etc. can be a part of some simulation programme by which 
the users can analyse the thermal comfort bands on a zone level along with the 
daylight process model (Bhavani & Khan, 2011); 

• Sensor point description: Apart from producing a picture that has the photometric 
information for a given camera view and scene description, Radiance can also 
compute lighting levels at a specific location inside a given space by specifying a 
sensor point. The sensor point is specified by giving the X, Y and Z coordinates 
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and view directions at which Radiance calculates the illumination levels (Kota et 
al., 2014). 
 

Simulation Challenges 
Sky modelling, the time complexity of software towards real-time control applications, 
validation and energy simulation are some of the challenges in the simulation. The 
variation of daylight presents a challenge along with the calculation of interior light, solar 
gain and glare in sky modelling. This is due to the fact that diffused or reflected light by 
neighbouring buildings or some other objects and not uniform cloud conditions are not 
considered. The time-consuming process of generating accurate rendering is another issue 
which imposes high computational expenses. The lighting simulation software requires 
huge amount of empirical data for the validation process. The simulation output can only 
be verified if the actual scenario is available in a real building under operation. Thus, a 
comprehensive information on building usage and the corresponding data of real 
buildings are essential for simulation validation (Bhavani & Khan, 2011). 

 
Using Building Information Modelling 
Not only do BIM tools assist designing buildings utilizing 3D graphics, but they also are 
capable of having non-graphical information like material properties regarding the 
building elements, which are not accessible in CAD tools. It is also very straightforward 
to parametrically alter the BIM object dimensions and spaces with the geometry updating 
automatically based on any change. BIM is not only utilized to produce building 
geometry, but it also acts as a storeroom of the building information, which can be 
retrieved to perform various analyses on buildings, namely daylighting analysis, energy 
analysis, cost estimation, and structural analysis (Kota et al., 2014). 
 
Translation problems with BIM 
BIM does not have all the information that is necessary for creating the simulation input 
files for Radiance and DAYSIM; however, it provides options to incorporate the required 
information. Besides, the representations of the same building elements are not the same 
between Revit and Radiance/DAYSIM. Even by using the utility geometry information 
could be exported but the manual assignment is required for materials (Kota et al., 2014). 
The process of translating the Revit model into the Radiance input file consists of many 
steps. Additionally, in order to carry out the process, a well-rounded knowledge regarding 
each tool is required, which can be a paramount challenge for even an experienced 
designer. In design software, changes in design owing to performance criteria ought to be 
done manually, the model has to be exported and simulated again. After each change in 
design, these steps need to be repeated (Kota et al., 2014; Schlueter & Thesseling, 2009).  
 
Overlap with other Domains 
An area where lighting simulation overlaps or creates constraints with, is thermal design 
as the more glazing is used to allow daylight in, the higher the heating load from solar 
radiation. Conversely, light wells and aria which provide light, can also be used to 
increase ventilation due to the stack effect. The data from a lighting simulation, such as 
the nature of a shading system can be used as input for a thermal simulation and the results 
of ventilation studies can be used to inform the position of windows. 
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THERMAL SIMULATION 
Thermal simulation differs from lighting simulation in many respects. While point 
measurements are made in lighting design, the energy used for thermal systems is 
virtually always over longer periods of time – months or years. The energy behaviour of 
a building is influenced by a large number of factors, namely, ambient weather conditions 
(particularly the dry-bulb temperature), building location and geometry, the building 
construction and thermal property of the physical materials deployed, general operation 
of the building, all interior load values (plug loads, occupant numbers and activity level), 
zoning requirements, the operation of sub-level components like HVAC (Heating, 
Ventilating, and Air-Conditioning) systems, their performance and schedules. Suitable 
BSPs, skilled users, and quality assurance techniques are required for effective 
application of building simulation. Additionally, performing building simulation requires 
absorbing the nature of the issue to be solved, using a proper simulation program, and 
making decisions based on interpreting the simulation results professionally. 
 
Outcomes of simulations and analysis 
The application of computer-based tools in the building industry can be mainly 
categorized into two groups: computer-aided documentation, as well as computer-based 
simulation (Hong et al, 2000). The first application that usually utilizes personal 
computers to create technical documents and drawings, has been popular with building 
designers and it has scant effect on efficient building performance. The latter application 
usually needs the employment of engineering tools to calculate space heating/cooling 
loads and envelope heat gains which are the basis for the sizing and selection of HVAC 
equipment, predicting the energy condition of buildings and cost, analyse thermal 
comfort, and supply diagnostics to enable automatic control of systems and plant 
operation. Energy-efficient buildings can be realized by virtue of analysing the part-load 
performance of major energy-consuming equipment along with annual building energy 
demand. Moreover, innovative techniques for energy saving such as green roof, radiation 
cooling, solar hot-water heating, heat recovery, and thermal storage, to name but a few 
can be evaluated before implementation. Building simulation is supposed to be a cutting-
edge method to substitute energy-heavy buildings with energy-efficient thermally 
conducive buildings, thereby changing the application of energy simulation in green 
buildings to a must, as opposed to a need. 
 
Stakes 
Although using Environmentally Sustainable Design principles in the design and 
construction of buildings can contribute to paramount advantages, improper design will 
have some undesirable effect such as: 
• Higher costs due to expensive energy bills owing to more dependence on active 

heating and cooling systems  
• Deteriorated living comfort due to less-uniform interior temperatures 
• Increased building’s carbon emissions. 
• Lower investment returns without an optimised thermal envelope, the embodied 

energy, heating and cooling energy and resource usage is more than required. 

 
Data needed for Simulation 
Simulation tools are contingent upon physical principles; thus, in order to obtain an 
accurate simulation, they need precise details of building and environmental parameters 
in the input data. However, this information is usually unavailable for most case studies, 
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for example, obtaining the information of each room in a large building is invariably 
difficult. Therefore, the lack of accurate inputs would bring about a low accurate 
simulation. Operating these tools usually also needs heavy expert work, making them 
costly and difficult to perform. For these reasons simpler models are proposed to offer 
alternatives to certain applications. Further, weather data is an important factor to 
determine building energy usage. This takes many forms, namely, temperature, humidity, 
solar radiation, wind speed, and vary over time. However, gathering all the information 
to make accurate weather data is not straightforward, for example, taking the sky factors 
covering into account usually involves an extremely simplified mathematical of the sky 
(i.e. the standard CIE sky set). Another significant issue in building energy simulation is 
calibration (Pan et al., 2007). By tuning the inputs meticulously, it can accurately match 
the simulated energy behaviour with the real building. As calibration is a complicated and 
time-consuming work, performing an accurate simulation by a detailed engineering 
method is highly complex. 
 
Using Building Information Modelling 
Laine et al. (2007) listed the benefits of using BIM for thermal performance management, 
these include:  
• Data input for energy analysis becomes far more efficient and the existing data 

becomes more reusable; 
• Rather than traditionally utilized static calculation methods, BIM based environment 

permits the utilization of dynamic thermal simulation; 
• As opposed to traditionally utilized zonal models, BIM based environment allows 

dynamic energy simulation by means of a whole building spatial approach; 
• BIM permits more straightforward verification of the thermal performance in various 

phases of the building process; 
• As the starting point for the HVAC system design, BIM based environment permits a 

straightforward way to use simulated values from thermal analysis; 
• Employing BIM supports to proceed with thermal performance tracking during 

operation and maintenance.  

 
Translation problems with BIM 
The main translation problems in the uptake of BIM to thermal simulation are: 
• The scarcity of guidelines as well as the missing interoperable data interface 

implementations in thermal simulation tools;  
• Being a single detailed model. BIM does not permit the managing of “what if” 

scenarios or alternative design options. In other words, the process of efficiently 
creating multiple alternatives is still not a reality in practice;  

• The complexity and size of BIM. The large size of BIM needs dissimilar means of 
data sharing, and real time access into the database would need broadband internet 
access, together with security of data being worked on. 

 
Overlap with other Domains 
Thermal versus visual comfort is really a challenge since when visual and thermal 
considerations are bound together satisfying one criterion will come on the expense of 
the other. The assumption that when a drop in solar gain is required, also less visibility is 
acceptable may limit the users to achieve comfort in merely specific conditions. 
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VENTILATION 
Simulating airflow and ventilation tends to be rarer in the building industry compared to 
the other two forms of simulation. It can however be very critical from the point of view 
of sustainability as increased natural ventilation is an efficient way to cool across most 
climate zones. This section is covered more briefly than the previous two as many of the 
issues have already been mentioned.  
 
Outcomes of simulations and analysis 
The outcome of a computational fluid dynamics (CFD) simulation is a map of the air 
velocity through the building for a segment of time. The expensive nature of CFD 
simulation, combined with the accumulative error mean that the simulation is not 
performed for extended periods of time. The data can be used to make assessments about 
comfort levels and to position openings such as to maximise ventilation within the 
allowable limits. It is also more common to simulate individual spaces with defined 
boundary conditions rather than whole building simulation. 
 
Stakes 
The downside of badly designed airflow includes draughts, excess noise and 
uncomfortable spaces (either too hot or cold). The downside of a badly designed natural 
ventilation solution becomes the increased dependence on air-conditioning and the energy 
costs that follow. 
 
Data needed for Simulation 
The main input needed is the geometry of each room, though this has to be heavily 
simplified. Most CFD analysts use a finite difference scheme for simulation, to the space 
is discretised into a 3D grid for the air velocity to be calculated at each point. The 
simulation requires the input and output mechanisms for the air – the terminal elements 
of the HVAC system.  
 
Using Building Information Modelling 
Lee and Song (2010) present solutions for using CFD with BIM in the early stages of the 
design project. The area of optimisation of airflow has a lot of potential for using 
advanced modelling methods such as parametric modelling as geometries can be 
constrained and defined with airflow as the main parameter for optimisation. O’Grady 
and Keane (2006) present the specifications with the IFC standard for utilising CFD 
analysis from BIM and the technical issues related to translation. They also propose an 
implementation for an interface. 
 
Overlap with other Domains 
Obviously creating openings affects both the thermal and visual design aspects of the 
project. For the most part, ventilation studies need to be done in conjunction with thermal 
analysis. In the case of using atria or other features intended to increase ventilation rates, 
design aspects such as spatial planning are affected, and these become part of the design 
concept rather than simply an add-on that can be optimised in isolation. 
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DISCUSSION 
As seen with the previous case studies, some opportunities have emerged in the field of 
integrated design with an emphasis on building performance simulation. They are being 
discussed in the following lines.  
 
Use of cloud-computing 
There is a considerable gap between the architecture, engineering and construction (AEC) 
industry and the state-of-the-art in collaboration within the software development 
industry. Software developers have created systems to work in large teams, concurrently, 
and with the system support of tracking changes, version control and commenting. The 
use of cloud-based software to replace common desktop applications such as text-editing, 
spreadsheets and presentations through services such as ‘Google Docs’ has also become 
commonplace. In the gaming industry, massive-multiplayer-online-games have become 
popular. In these virtual worlds, hosting thousands of users is common place. In this 
regard, online collaboration in the AEC industry is still in its infancy. A review of building 
information modelling with cloud computing is given by Wong et al. (2014), who identify 
the FM and energy management stages of the buildings lifecycle as areas for expansion. 
Working with across a common platform would allow simulation specialists (lighting, 
cooling, ventilation, etc.) to give input at an earlier stage of the design process.  
 
Use of Advanced Modelling 
Davis (2013) provides advances in the software development industry as inspiration for 
more flexible and robust computer models for the AEC industry. Methodologies for 
software development include Agile development, Crystal methods, Scrum and Adaptive 
Software development (Highsmith & Cockburn, 2001). These practices include defining 
constrains, contracts and protocols and automated testing which is run frequently. It is 
easy to imagine that building performance simulations are used as tests while the building 
design is under development. However, this process is far from automated as it currently 
stands, though experimental work in research, through softwares such as McNeel’s Rhino 
and Grasshopper are making strides towards this.  

At the forefront of modelling the AEC industry is parametric modelling, where 
relationships and constraints are described in the model in order to make it more flexible. 
Incorporating such methods into energy use simulation could make it easier to produce 
and test options. GenOpt was an early attempt to provide this for users of EnergyPlus 
(Wetter, 2000). Other generative modelling methods include evolutionary modelling 
(Janssen, 2005) and related optimisation procedures. Within specific fields such as 
HVAC energy optimisation, the use of genetic algorithms (GAs) have been explored 
(Huang & Lam, 1997). GAs have also been used in lighting optimisation (Ferentinos & 
Albright, 2005) and more generally in design (Caldas & Norford, 2002).  

Object libraries within the space of building information modelling have become 
commercial entities with many manufacturers providing the geometric as well as meta-
data of their products. With the linking of BIM to energy analysis, the goal is to reduce 
the time taken to ready a model for simulation. 

 
Use of Multi-objective Optimisation Methods 
As stated earlier, with an integrated approach to project delivery, the complexity of 
navigating the solution space rises. Value judgements need to be made and a view of the 
project as a whole, needs to be frequently examined. Holzer (2009) criticises the silos that 
the various disciplines form within the AEC industry and presents a thesis of how 
multidisciplinary collaboration might occur and a methodology based on optioneering is 
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put forward (Holzer, 2009). With advances in modelling methods and platforms for 
collaboration across networks even across timelines and national borders, there is more 
opportunity for the various design participants to understand the project holistically and 
to tailor their input with a holistic view. Therefore, there is an opportunity undertaking 
research regarding human-computer interaction and the navigation of solution space as 
well as methodologies as to how the different stakeholders reconcile qualitative and 
quantitative aspects of the design project. An experimental method for exploring design 
space is given by Holzer & Downing (2010) who use this in application of designing 
retrofitting solutions. 
 
Accelerated processing 
The advancement of computer hardware has been utilised by researchers looking at 
proving real-time results. One of the most computationally expensive forms of simulation 
– computational fluid dynamics can benefit heavily from these advances. These include, 
utilising GPU processing (Tolke & Krafczyk, 2008), parallel processing (Tian et al, 2017) 
and software solutions such as coarse grid modelling (Liu & Chen, 2017). The use of real-
time rendering (which had already made a huge impact on the Architecture Visualisation 
industry) has the potential for also providing lighting analysis (illumination, glare, day 
factors). The use of scanning technologies (LiDAR, photogrammetry) coupled with 
increased processing power can translate to more accurate site models. Methods of 
artificial intelligence (neural-networks, genetic algorithms) have also become more 
accessible, though too vast to enumerate. 
 
CONCLUSION 
In this paper, the importance of the industry moving towards an integrated design 
platform was highlighted. The ultimate aim of such platforms is the elimination of 
repetitive work through well-designed components, to streamline the process of 
translation, to bring in expert advice as early as possible into the design process, to work 
through different variations and to make the process more transparent in order to give the 
stakeholders a holistic view. Building information modelling used well becomes the 
design stages of a project and can be used, post-occupancy for facilities management, 
energy management and even as far as demolition. The importance of having building 
data that is clearly defined, tracks changes, alterations and services becomes ever-more 
important as the built environment expands, new levels of density are reached, and 
infrastructure is upgraded. With the predicted increases in construction and population, it 
is becoming an ever more critical goal that we set up feedback loops in both the design 
and construction stages of design. Coordination through building information modelling 
is a step towards this. 
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