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Abstract—The construction industry is turning towards
sustainability. It is a well-known fact that sustainability is based on a
balance between environmental, social and economic aspects. In
order to achieve sustainability efficiently, these three criteria should
be taken into account in the initial project phases, since that is when a
project can be influenced most effectively. Thus the aim must be to
integrate important tools like BIM and LCA at an early stage in order
to make full use of their potential. With the synergies resulting from
the integration of BIM and LCA, a wider approach to sustainability
becomes possible, covering the three pillars of sustainability.
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|. INTRODUCTION

USTAINABILITY is based on three pillars (economic,

social and environmental). The construction industry has a
great impact in these areas. Firstly, construction processes
have environmental impacts due to the resources consumed
and the emissions generated. According to Directive
2010/31/EU (19 May, 2010), approx. 40% of the energy
consumed in the European Union results from the construction
sector. Moreover, it is a sector in expansion, and so energy
consumption is increasing as well. The construction industry
also consumes approx. 40% of natural resources and generates
approx. 40% of total waste worldwide [1]. Secondly, it is an
essential economic engine. In fact, it has been estimated that
construction accounts for one tenth of the entire global
economy [2]. Thirdly, buildings and infrastructures are
essential for the well-being and life quality of the citizens due
to the fact that they have a great influence on one’s social
interaction and health [3] and constitute a fundamental feature
of the urban environment.

The construction industry as a whole is clearly moving
towards sustainability, but some features play a more
important role than others in this respect. One distinctive
factor is that construction is a project-based industry. Each
project is unique and has its own characteristics. These, in
turn, are related to specific conditions, e.g. individual needs of
the client, special locations [4]. Consequently, the design has
to be flexible, so that performance can be improved simply by
making a few changes [5]. Indeed, of all the different life-
cycle phases that a project goes through, the design phase is
the one with the greatest potential for influencing the project
and adding value. Once the construction phase has been
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reached, the project has already lost most of its flexibility and
only small alterations are possible, representing higher costs
[6].

The construction industry is also characterized by having
long-life products. The life span varies depending on specific
features, such as location, technique, material and design [7].
Furthermore, the product may undergo various changes
throughout the life cycle, which are difficult to predict.
Therefore, there is a great deal more uncertainty concerning
their future [5].

During its life cycle, every construction project involves a
wide variety of stakeholders with different characteristics and
interests. The construction process itself comprises companies
of varying sizes, whereby small and medium-sized enterprises
(SMEs) predominate [7].

Construction is regarded as an industry with low-level
investment in research and development. This naturally
hinders any form of improvement or evolution. SMEs
constitute the highest percentage of the construction industry,
while the larger firms are the ones with most resources for
research and development [8]. The creation of temporary
alliances for individual projects also hinders the application of
new methods [9].

There are several features inherent in the construction sector
which may lead to inefficiency and unsustainability. Firstly,
the wide variety of stakeholders involved and the specific
features of each project make any form of standardization
difficult [5]. Secondly, there is often insufficient cooperation
among the stakeholders themselves. This is mainly based on a
lack of trust and open communication, which is characteristic
for the whole industry. Thirdly, the process of tender is
frequently based on price rather than generating value (or
quality). This also hinders further development within the
industry [10]. In fact, lack of cooperation and effective
communication is one of the main causes of wasted resources.
It has been estimated that the same information is entered up
to seven times during one single building project [11]. In other
words, only the time invested at the beginning of the project
(30%) is really effective, whereas the rest of the time (60%) is
used more or less inefficiently [12]. It is obvious that there has
to be a shift away from such isolated efforts to a more
collaborative environment.

1. How CAN THE SITUATION OF THE CONSTRUCTION
INDUSTRY BE CHANGED?

It is clear that a change in the construction industry is
needed in order to improve performance and achieve a more
sustainable approach. Since sustainability is based on three
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pillars (environment, social and economic), a holistic approach
is required so as to reach an acceptable balance.

In order to accomplish such a change, the main areas for
improvement have to be highlighted. This paper will analyze
three main fields as an approach to sustainable construction.

Firstly, more effort should be devoted to the early design
phases. These phases have the greatest potential in terms of
influencing the project. The cost of implementing changes
increases as the project evolves, due to a reduction in
flexibility. A major part of the expenses are incurred during
the construction phase, but, as mentioned above, the project
has already lost flexibility by this time and any alterations
result in higher costs [6]. Therefore, an exhaustive analysis of
the design has to be carried out in the early phases to improve
performance and avoid wastage.

Secondly, one of the main aims of the construction industry
is to profit from all available knowledge and technology with
a view to achieving sustainable construction [13]. BIM and
LCA are ideal for this purpose. The working environment has
to be supported by a more collaborative framework. BIM can
contribute to improving communication and collaboration
among the different stakeholders involved in the project.

Thirdly, in order to improve environmental performance,
the respective criteria should be considered in the early project
phases. In this connection, life-cycle assessment (LCA) is one
of the most widely used tools for evaluating environmental
performance.

The three key areas mentioned above will now be analyzed
in detail with the aim of determining their potential for
improving overall performance in the construction industry.

A. Sustainable Design (Integrated Design)

As a starting point, the project phases with the highest
capacity to influence a project should be considered. Clearly,
the early design phases fall into this category while, at the
same time, adding extra value. Once the project has reached
the construction phase, it has already lost flexibility and
implementing changes becomes harder and more expensive
[6]. On the other hand, decisions taken in the early design
phases may help to prevent possible errors and overruns.
Similarly, it is essential to define all the project needs in the
early planning phases to avoid future design changes [14].
Consequently, design can be viewed as the first step towards
achieving sustainability, as has been determined by the British
government: “Good design is synonymous with sustainable
construction” [15].

Sustainable design should be exhaustive, with greater
efforts made during the early phases, but considering the life
cycle of the building as a whole. Sustainable construction is
not to be seen as a complicated or expensive trend; it is a
question of implementing integrated design, where all
components of a project are included within a holistic
framework rather than being analyzed individually. The
design phase is the key factor in this respect. It is here that one
must try to reduce the consumption of resources and energy,
create a comfortable inside atmosphere, restrict pollution and
sink costs [16].

Coordination between the different stakeholders is also
essential [14]. They must all move in the same direction to
achieve a balance between the three pillars of sustainability
[16].

Environmental criteria also have to be considered from the
very beginning. This supports decision-making, thus helping
to achieve sustainable design. Stakeholders should be
constantly aware of the environmental performance of the
project and appreciate the need to include such criteria at all
times.

In order to face the new challenges in the construction field,
innovative technologies have to be implemented [17]. The
integration of existing methods such as BIM and LCA is
important for supporting sustainable design.

B. Building Information Modeling (BIM)

A profitable synergy is developing between BIM and
sustainable construction. Sustainability depends on integrated
design with an overview of the complete project, and due to its
particular characteristics, BIM facilitates such a process [18].
BIM systems have the means to improve a project’s
information flow, achieving better performance and quality.
BIM enhances transparency and supports collaborative work
among the stakeholders beginning in the early project phases.
All this helps to reduce wastage and avoid future errors [15].
BIM models provide structured data. Therefore they can be
used for industrializing the construction process, for example
in prefabrication. They also lead to a reduction in costs, time,
and wasted resources, thus increasing sustainability. In
addition, BIM-based tools support various analyses and
simulations, the results of which form a basis for decision-
making and ultimately improve the performance of the
building [18].

Due to its specific features, BIM has positive impacts on the
three pillars of sustainability. Firstly, with regard to economic
aspects, it has the capacity to reduce design costs by
improving information  management and enhancing
coordination, with the result that fewer resources are wasted.
Secondly, with regard to social aspects, BIM-based tools
facilitate the analysis and simulation of different parameters,
which with traditional tools would be very complicated and
require manual data entry. Complex analyses (e.g. daylight)
can be performed to create better working and living
conditions, thus adding to comfort and well-being. Thirdly,
with regard to environmental aspects, BIM supports a number
of different analyses [19]. However, its capacity for improving
environmental performance would be enhanced through
integration with other special tools, such as LCA.

C.Life Cycle Assessment (LCA)

Life-cycle assessment (LCA) can be regarded as one of the
most suitable methodologies for assessing environmental
impacts [20]. It is currently being fostered as the method of
choice in improving the environmental performance of a
building as a whole [21].

LCA helps stakeholders to comprehend the various
environmental impacts of the respective project during its
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different life-cycle phases [21]. It also increases social
awareness of such impacts. As a rule, the costs of
environmental impacts are not included in the final budget.
Therefore the possibility of showing the environmental costs
and effects of a specific construction project contributes to
sustainability. In our present-day society, it is important to be
conscious of the real costs resulting from environmental
impacts [22].

LCA supports decisions taken during the design phase by
providing a scientific basis for environmental criteria [21]. It
guides the selection of materials, the planning of procedures
for residues management, the development of the construction
plan, etc. [23]. It also creates the possibility of analyzing the
specific impacts of different alternatives, so that the most
suitable one can be selected [5].

Since LCA covers the entire project life cycle, it can be
used to highlight the main opportunities for improving
environmental performance at all stages of construction [23].

Despite the noticeable advantages that LCA has for the
construction project, it also has some inherent limitations that
could be improved if it is integrated with other tools. Some of
these limitations are described below.

One of the main limitations of LCA is data availability. The
quality of the results depends on the quality of the data, but
comprehensive data are not always available or they are not
updated, therefore assumptions sometimes have to be made,
which increases the inaccuracy of the assessment [21].
Furthermore, working with LCA usually requires the
assistance of an expert due to the complexity of the process
and the results.

There is also a lack of standardization concerning its
application. 1SO standards only contain recommendations
[24]. LCA methodology fits better to industrialized processes
than to construction procedures, where it is hindered by a
number of special features and the long life span. In addition,
construction products are made up of a wide variety of
different elements, each with their own characteristics. All
these factors make it difficult to evaluate the construction
project during its life cycle.

Furthermore, there is a general lack of information in the
early project phases. As a result, LCA evaluations are usually
developed in the late project phases (i.e. after construction or
during the use phase). Although more information is available
in the later phases, the results of the assessment are not as
useful as they are in the early phases [25]. Finally, the project
information required for the assessment has to be entered
manually, which makes it a time-consuming task and might
lead to errors [9].

LCA application in the construction industry would be
improved through integration with other methods, such as
BIM. In this way, synergies could be created with the chance
of including environmental criteria in the decision-making
process during the early project phases.

1. INTEGRATION OF LCA AND BIM IN THE EARLY DESIGN
PHASES

Sustainable construction aims for the lowest environmental

impact, while encouraging social and economic development.
A sustainable design tool has to be able to evaluate building
performance according to different criteria. At the same time,
the information must be integrated in the design framework in
order to compare different alternatives [26]. For this purpose,
a huge amount of information has to be handled. This is one of
the reasons why some tools are implemented in the late project
phases when solutions have already been developed.

This problem could be solved by integrating different tools
and using them for assessing decision-making in the early
design phases. With the integration of LCA and BIM, a wider
approach to sustainability would be achieved and the
efficiency of both tools would be improved.

A.SWOT Analysis of the Integration

This section of the paper includes a SWOT (Strengths,
Weaknesses, Opportunities, Threats) analysis with regard to
the integration of LCA and BIM in the context of achieving an
efficient decision-making tool for the early project phases. The
internal assessment will show the strengths and weaknesses
and the external assessment will show the opportunities and
threats.

1. Internal Assessment (Strengths and Weaknesses)

Strengths

By integrating BIM and LCA, a new tool can be created
with synergies comprising a large number of positive features:
e Higher capacity for accommodating the three pillars of
sustainability

e More extended use of environmental criteria by various
stakeholders

e Increased efficiency with regard to environmental
assessment, making this task easier and less time-
consuming

e Avoidance of manual data re-entry: once the construction
information is in the BIM model, there is no need to re-
enter it for LCA, and the designer has easy access to this
information for decision-making

e More information available about the project during early
phases, leading to greater benefits in general

e Higher effectiveness of environmental assessment (e.g.
with regard to decision-making) due to its being
performed in early design phases

e Possibility to compare predicted environmental
performance with real performance and chance to learn
from experience

Weaknesses

The integration of BIM and LCA also has some less
positive features which need improving through further
development:

e Different stakeholders involved in the construction
industry must be trained to include environmental criteria
in their assessments

e LCA process and way of presenting data are not
standardized

e Lack of environmental data for carrying out LCA
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e Assumptions have to be made for LCA calculation, thus
increasing uncertainty of the assessment

e Further development needed concerning interoperability
between BIM and LCA software

2. External Assessment (Opportunities and Threats)

Opportunities

The integration of BIM and LCA would benefit from the
positive features of the immediate environment to enhance its
potential:

e It is becoming compulsory in the construction sector to
consider environmental criteria. Various initiatives are
being launched by the different governments and the
European Union for this purpose.

e There is increased demand for sustainable constructions in
the market.

e These tools already exist. It is just a matter of integrating
them to generate synergies.

e There is a real need of a tool with such features in the
market.

e There is a direct need to change the way of working in the
construction industry, and such an integrated tool and its
application in the early design phases could contribute to
this change.

e BIM is already becoming more widely accepted in the
construction industry. If LCA is integrated in the BIM
framework, this will make it even more acceptable for the
stakeholders. The advantages derived from BIM
implementation would act as a trigger for LCA
performance during the early project phases.

Threats

The integration of BIM and LCA will also have to face
some threats from the immediate environment and overcome
them:

e Sometimes construction industry stakeholders are not
aware of the importance of considering environmental
aspects among project criteria at an early stage.

e Some stakeholders may refuse to implement this step due
to the effort required for integrating the tool in the early
design phases.

e There is a lack of research and development in the
construction industry.

e There is a wide variety of stakeholders with different
characteristics involved in the construction industry. This
hinders standardization in the industry and makes it more
difficult to implement change.

e There is a lack of interoperability between the different
software systems.

After evaluating the strengths, weaknesses, opportunities
and threats, it could be concluded that implementation of LCA
and BIM needs further development.

The main drawbacks are: (1) lack of research and
development, and (2) reluctance of some stakeholders to
change their way of working. On the other hand, there are
significant advantages resulting from the integration of

powerful tools like BIM and LCA in terms of synergies
created and chance of early implementation. This greatly
increases the potential for sustainable construction.

B. Suggested Integrations

The first approach is based on extracting direct project data
from the BIM model and using it to perform an LCA of the
complete construction during its entire life cycle. The BIM
model is used as the main source of information and thus
manual data re-entry is avoided. A real-time assessment can
be made and the results considered during the decision-
making process. In this way, environmental criteria are
integrated in the early design phases. Different alternatives can
be compared from an environmental point of view and the
most suitable one selected. Moreover, it becomes possible to
assess single elements and thus improve the selection process
with regard to materials and elements during the design phase.

The second approach is based on including LCA-related
information pertaining to different construction elements in
the properties of the various BIM objects. In this way, when
the designer wishes to select an element from the various BIM
objects included in the libraries during the design phase, he or
she can check the respective environmental features. This
means that environmental information is considered on the
same level as the rest of the features during the decision-
making process. In other words, this approach may be seen as
a first step towards the inclusion of environmental criteria in
the pre-design and design phases. Moreover, a rough and
mainly material-oriented estimation of the building’s LCA can
be made based on a list of the features of the different
elements included in the model [27], [28].

IV. CONCLUSION

A sustainable design tool has to be able to evaluate the
building’s  performance according to various criteria
(environmental, social and economic) at the same time as the
information is integrated in the design framework so that
different alternatives can be compared. For this purpose, a
huge amount of information has to be handled. The integration
of LCA and BIM allows a more extensive approach to
sustainability with significant strengths and opportunities, as
mentioned above.

Of the two types of approach described in the text, the first
one is clearly more comprehensive and allows evaluation of
the complete construction during its entire life cycle. The
second one, which is based on the having LCA-related
information included in the features of the various BIM
objects, is more suitable for selecting materials and elements.
It is mainly material-oriented and could be seen as a starting
point for the incorporation of environmental criteria in the
early design phases.
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