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Abstract

Building sustainability is a multi-dimensional concept that is increasingly becoming a focus of the mainstream construction 
industry. The choice of right materials, techniques, and systems for a building project was always important to ensure built 
environment sustainability but these days it has also become a difficult and confusing task owing to the availability of a wide 
array of processes, systems, techniques and materials (PSTM). To achieve sustainable design a responsive design process able to 
assess and optimize the use of a variety of available PSTM options is required. The purpose of the study reported in this paper is
to develop a conceptual framework of a futuristic BIM-based Design Iteration (BIM-DIT) tool for selecting PSTM combinations 
during design. Such development can support decision-making process during the design stage of residential buildings by
assisting the design team in the generation of design alternatives. The model development includes discussion of various 
components necessary for development and successful working of the hypothetical tool. The conceptual model development 
exercise shows that the hypothetical BIM-DIT tool can significantly benefit from the pre-existing design approaches in the built 
environment. The discussion shows that the PSTM combination selection approach used for BIM-DIT tool will help decision 
makers with precise knowledge of available options for achieving truly sustainable building projects. Although model 
development is largely inspired by pre-existing approaches, the use of these approaches for finding appropriate PSTM 
combinations through the involvement of all three sustainability dimensions is relatively new. Further development in this area 
can play a significant role in building design related decision-making.
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1. Introduction

With 30 and 47 percent world population living in urban areas in 1950 and 2000 respectively, a projected 
population rise of 60 percent (about 5 billion people) is estimated for the year 2030 [1, 2]. The rise in urbanization 
demands a growth in infrastructure including residential building developments as a priority. At the same time, there 
are increasing concerns regarding the impact of buildings on the economy, society, and environment. With the ever
increasing maturity of the housing market, demand for quality internal environment and micro-surroundings has 
become a primary issue not just for potential house-buyers but also for property developers. The terms like eco-
architecture, sustainable building, and green building have entered the daily vocabulary of both the house-buyers 
and building designers [3]. With continuous growth in economy and population, builders and designers are faced 
with the challenge to meet demands of new and renovated facilities which are expected to be productive, secure, 
accessible, healthy and with minimum environmental impact [4].

However, sustainable building design is not straightforward as all buildings are unique and no prototypes exist 
[5]. There exists a combination of processes, systems, techniques and materials (PSTM combination) necessary to
realize building functionality while ensuring sustainability. While in functional terms some systems and techniques 
have unique functionalities and are mutually exclusive, others add value to each other and are substitutable. 
Selection and adequate use of systems and techniques in building design process, is extremely important, as doing 
so can result in an optimized sustainable building design and avoiding it can endanger the project [6].

It is possible that a large variety of PSTM combination can effectively fulfill functional requirements in a 
building, but may not perform well in one or more of the three sustainability dimensions i.e. social, economic and 
environmental sustainability. A wide variety of available combinations can also make the selection of an appropriate 
design option for a building difficult. However, PSTM combination decisions need to be made at the early design 
stage in order to effectively influence the project throughout its life cycle. An inappropriate selection of a PSTM 
combination from an overwhelming number of available options can negatively affect project sustainability. The 
problem created by a large number of available PSTM options can be addressed by leveraging the potential offered 
by advanced digital technologies. Accordingly, the purpose of this paper is to propose the development of a BIM-
based multi-objective decision support tool called BIM-based Design Iteration Tool (BIM-DIT) for selecting 
processes, systems, techniques and materials (PSTM) combinations during design.

This paper develops a conceptual framework of the BIM-based Design Iteration Tool. The tool should facilitate 
decision-making process during the design stage of residential buildings by providing a manageable number of 
PSTM combinations according to pre-defined sustainability requirements set in the early stage of building design. 

2. Literature review 

In developing the BIM-DIT tool, this study will draw on approaches implemented for solving similar multi-
objective decision-making problems by existing tools. Two major developments reviewed include SimulEICon and 
BEES (Building for Environmental and Economic Sustainability). SimulEICon is a tool designed for supporting 
decision-making processes during the design stage. This tool produces optimal design options according to 
construction time, initial construction cost and carbon emissions and therefore enable designers to make a selection
of different design products and materials. Moreover, in order to support the design, SimulEICon is integrated with 
BIM [7]. Although an inspiration from SimulEICon, the proposed BIM-DIT tool will consider a more holistic view 
of the economic, social and environmental dimension of sustainability.

In a slightly different context, BEES is an online web-based application developed by the NIST (National 
Institute of Standards and Technology) Engineering Laboratory's Applied Economics Office. BEES framework
appears thorough, adaptable and practical with a clear and understandable process. This is because it includes a 
hierarchical approach towards sustainability, turning the concept into a cumulative value of many parameters. In 
order to select cost-effective and environmentally preferable building products this application makes use of a well-
organized, rational technique based on consensus standards. Designed for building professionals, it incorporates 
actual economic and environmental performance data for a variety of building products across a range of functional 
applications and has an analysis range across all the life stages of a project from raw material acquisition to waste 
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