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Abstract: In United Kingdom, the obligatory compliance of the green building codes often
hampers the Architect’s attempts to achieve better architectural aesthetics. The researchers
opine that the key problem lies in our inability to integrate sustainability checking tools such
as CSH (Code for Sustainability Homes), SAP (Standard Assessment Procedure), daylight
calculations, and Energy calculations with our current design development softwares. As
such, the Architects usually face a dilemma between sustainability checks and design process
to fulfil the code requirements. In this study, we address this issue by comparing and
deriving possible methods to integrate the currently available BIM (Building Information
Modelling) software with the sustainability tools. In addition, we propose a clear and
unbroken sustainability integrated BIM workflow, which can be easily adopted by the
industries. Further, discussion about workflow adaptation by design firms proves the time-
saving; which allows them to spend more time on design with ready sustainability
calculations.
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1. Introduction

Birth of climate change and global warming can be regarded as a continuous negligence
towards environmental concerns in recent centuries of rapid urbanisation and
industrialisation. Both of these challenges have been extensively debated by international
conferences and summits. These challenges have sparked an effort to reduce environmental
impact in every sector; in construction sector, from researcher to on-site worker everyone is
required to contribute towards creation of energy efficient built forms. UK government is also
trying to reduce dependence on fossil fuel; policy (Communities and government, 2006)
called ‘Towards Zero Carbon Development’ targets to achieve zero carbon foot print for all
new residential developments by 2016. To accomplish such a high ambition, houses should
be equipped with advanced green building technology; which might lead to higher initial
cost, but savings in long run can be the bottom line of financial viability.

1.1 BREEAM

Above referred policy has been further detailed as Building research establishment
Environmental Assessment Method (BREEAM, 2010) by BRE (Building Research
Establishment) to guide industry stakeholder about green building methodologies. BRE, as an
institute, perform various activities from developing local council regulations to
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implementation of government policies at grass route level. In this research, we are focusing
on Code for Sustainable Homes (CSH) which is specific guideline for zero carbon housing
developments. After scrutinising design proposal of house base on CSH categories, it
provides green building rating level; which determines that up to what extent proposed house
will reduce environmental impact.

1.2 Research objective

Based on CSH requirements and BIM (Building Information Modelling) possibilities;
following research aim has been evolved. After obtaining Zero Carbon mark for studio
project with fragmented CAD technology and other softwares, necessity of integrated
workflow has been established. As a whole, research aims the successful integration of two
databases called CSH and BIM through various software possibilities. Core function has been
elaborated later as an attachment of CSH information to parametric object attributes in BIM.
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Figure 1: Hlustration demonstrates research aim as a whole (Source: author)
1.3 Research methodology

Stage wise integration was required for such an IT (Information technology) based system
development, in order to achieve that, critical analysis of conflicts occurred during Zero
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2. Zero Carbon Housing Project and BIM development

For this research task, Zero Carbon Housing Studio project has been taken as reference.
Housing studio project was located on the site of old Victoria Leisure centre in Nottingham.
Housing design proposal contains three buildings, each with three stories comprises of six



dwelling units in one block. During the zero carbon strategy evolution, discrepancy in the
process has been observed. The discrepancy was resolved by trial and error method. But
ultimately, due to such a time consuming method architectural aesthetics were compromised.
However, this research does not focus on architectural aspects of housing but it aims to
reduce time to reach zero carbon foot print. Only critical stages of design have been
summarised here.

2.1 Conflict during Design Development
In design development stage, project’s overall proposal has been developed. Dwelling unit
scheme was developed base on Life Time homes, to derive functional sizes of each space.
Structural systems and building materials were conceptualized in this stage.
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To illustrate, area of window
directly related to daylight
calculation, so every time after changing a size of window, one need to take it to Ecotect
analysis and create a simulation to understand that the size of window is suitable or not for
CSH. In sum, majority of conflict was with design criteria of in this stage.

Figure 3:CAD process and conflicts (Source: author)

2.2 Conflict during Design Documentation

Until this stage, CAD model was fully developed base on design related issues of CSH,
which in a way, give overview of design and how it will set in surrounding contexts. Now,
CSH categories, which require products and materials research have created conflict with
design process in this stage. Starting with first sub section of second category ‘water’, under
water calculator, to achieve code level 6 only 80ltrs per day per person usage was permitted,
after selecting related products like shower fitting, kitchen sink tap, water closet’s flushing
system, one need to compare base on cost, appearance, and water flow per minute. Statistics
between these three parameters was done manually and observed that if there were some kind
of spread-sheet available either in CAD model or separately then it would have been more
productive.



3. BIM Development

BIM model development has been started after establishing BIM as a potential platform in
literature review. The aim of creating BIM objects is to push limitations further and integrate
with database of CSH. Thus, this section elaborates how basic BIM procedure has been
followed to come up with integrated parametric BIM model.

3.1 Selecting a software

Three major BIM packages Autodesk’s Revit Architecture, Graphisoft’s ArchiCAD and
Bently’s Architecture have been compared here to check compatibility with single exercise of
multilayer wall with CSH information attachment. Firstly, modelling of wall object in Bently
Architecture v8i, creation of composite wall was quick with pre-set information to it. But,
attachment of information to object was not satisfied due to its limitation like non-parametric
nature of multilayer wall and inability to customise properties. Secondly, creation of wall
object in ArchiCAD 14 was successful and CSH related information was also able to
incorporate with element. But calculations of in-between parameters did not support. Lastly,
creating a composite wall in Revit Architecture 2011 was quick and easy; also data
attachment to it had been successfully achieved; with possibilities of basic mathematical
functions between parameters. Thus, based on above efforts Revit was selected and taken
further for BIM development to develop parametric model.

3.2 BIM content development
Following sequence elaborates steps in which BIM Housing model’s material properties and
CSH parameters have been carried forward with few examples in each step.

Stepl: In BIM, finished materials such as creation of laminated glass, composite wood panel
need to be created from raw materials like glass, wood, steel etc. Basic properties of material
have been already set to raw materials. In this research case, CSH related properties would
require be summarising and attaching to particular material.

Step 2: Creating a parametric objects with integration of specific structural systems, material
properties and visual references. To illustrate, doors family comprises of various typologies
of them in terms of sizes, materials, manufacturers etc. Further, parametric objects also adopt
changes according to modification in related sub-objects.

Step 3: Defining the Assemblies can be outline as grouping of objects and materials, such as
south facade can be one assembly which consists of wall and large window. From CSH
perspective, assemblies were not preferred as direct information integration. Lastly,
Standards were also put together to organize BIM database with certain hierarchy.

4. CSH Integration: CSH (Code for Sustainable Homes) Integration

CSH is a formula based system, which requires collecting information from various objects.
As shown in figure 6, categories are made of several other sub-categories related to
sustainability. Where, BIM compiles the data which is generated from objects. These objects



contain information with them. Thus, in this section, CSH database have been extracted in
such a manner that it can correlate with BIM object properties hierarchy.
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Figure 4: Process of integration (Source: author)

Accordingly, few steps have been made. In first attempt, listing CSH categories on
one side and putting BIM object names on other have been put and tried to integrate. But
after going few steps further and finishing first category compliance, realisation has been
faced that object properties can’t be directly related to code requirements. As a second effort,
two following alternatives have been suggested.
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Figure 5: Summary of two workflows (Source: author)



4.2 Short-term integration

This alternative has been suggested to partially integrate BIM with CSH to reduce initial
efforts and time. But it may also require repetition of efforts for other projects as BIM objects
will not be fully parametric. Thus, this method suggests, cutting down manual calculation
although keeping usage of multiple softwares such as SAPPER, U-value calculator, Water
calculator etc.

5. Conclusion

There can be other efforts to take these steps forward; due to research time limit and scope
other four categories have not been elaborated in detail. But promising results of three
categories will help to take CSH forward to other categories as well. Research’s main aim
was to derive a successful workflow, rather develop a CSH integrated BIM model. After
developing one project, architect can develop materials’, objects’ and assemblies’ library
which will reduce the time effectively for next projects. Alternatively, software companies
can also take this procedure further and incorporate such features in their packages, or else
architects can spend few more resources in starting and develop their own customised BIM
version. As a result, two workflow illustrations have been summarised in figure 7.
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