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Abstract

Life Cycle Assessment is increasingly becoming important in façade architectural design. The presented research aims to 
describe an LCA architectural design approach based on the use of a Façade Mockup. The approach is applied and tested for the 
design Telecom Sustainable Campus’ façade, in Rome.  It is studied how a mockup could facilitate a more thorough LCA-based 
design processes, and how it could be the medium between design domains and the various stakeholders.
© 2017 The Authors. Published by Elsevier Ltd.
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1. Introduction 

The recent discussions about climate change have intensified the importance of the life cycle assessments. With 
the reduction of the operational energy demand, the energy associated with the building substance gained relevance. 
Whilst the operational energy currently matches the amount of energy needed for the erection and demolition of a 
building, this relation changes when the required energy to operate the building falls to almost zero, as it is planned 
by the current European Directive. The topic of LCA raises of interest, as voluntary certification systems such as 
DGNB and BREEAM demand its application.  In addition, more frequently architectural design competition asks for 
façade LCA. Yet, there is quite a gap between intentions and architectural design applications. At the time of 
writing, there are no relevant records of LCA included in the architectural design processes. LCA remains a 
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specialist domain, far from being a domain of architects. That is for multiple causes, ranging from the deficit of 
knowledge of designers to the lack of architectural friendly tools capable of linking a quantitative approach to a 
qualitative creative design thinking.

Architects begin to become familiar with the concept of LCA and accepted its significance, but they are not yet 
able to include it in the planning process [1]. LCA is still a new way to approach design, and there is not yet, a range 
of experimented design approaches to it. LCA has not been extensively applied in architectural processes since it is 
perceived as a hindrance to design creation, as too convoluted, and time-consuming. However, Life Cycle concerns 
should actively affect design preferences, especially facades' design [2]. Hence, it is important examining methods 
and tools that support a quantitative yet qualitative framework, which is fully suitable for the comparison of façade 
options. Current LCA-based design approaches and tools are not entirely applicable by architects to their design 
process. Some of the software tools have way too much information tending to be overwhelming for architects. 
Typical LCA tools, such as Gabi, SimaPro, or OpenLCA, have been developed for the LCA of products or 
processes. From a designer point of view, these tools are not practical, because they do not mesh with the design 
process [3].  

The literature on new approaches to integrating LCA into the architectural design process mainly focuses on BIM. 
It is evident that BIM models are today essential to LCA calculation. The main reason is that LCA tools have not 
completely transitioned their processes to integrate with BIM is that they are not simple to be read by some of the 
stakeholders in the design process [4]. In addition, simple tools which are BIM integrated are easy to generate LCA 
output, but often too superficial in their analysis. Now, for architects, it is essential to use tools that allow not only to
evaluate the building LCA as a whole, but that facilitate the focus on individual building elements. Methods for the
LCA based design should be rooted in the present state of development of tools and should lift the dormant potential 
of existing façade design praxis. Physical models and 1:1 mockups of building systems, specifically of the façade, 
are regularly integrated into the act of design creation and verification. Understanding how they could be blended 
into the LCA design process is the theme of the article.

2. Digital and physical LCA 

To support LCA-based Façade design process, it is crucial to apply tools rendering LCA, while appraising design 
alternatives. The combination of digital tools with physical models is investigated as a way to reduce the strains of 
managing LCA without sacrificing reliable data access, and directing time and energy to the creative design aspects. 

Digital Tool. Just lately, two tools are adapting their features to encounter architect’s needs, and they were both 
tested according to research scopes: Tally [5] and the SBS tool [6]. The first is BIM-based. With Tally, mass and 
volume can be extracted from a BIM Model without entailing new calculations once Façade design options are 
generated. The program builds a report comprising all of the graphics needed for a full environmental impact 
assessment of the project. However, Tally is not applicable for non-US designs since it is based on US data. A 
further weakness is that the % of the recycled component (e.g., for metals) cannot be specified, albeit it has a 
tremendous impact in a façade LCA. Another scrutinised tool, the SBS tool can be used by design professionals. It 
could support the measure of single functional units, and it creates excel data outputs which are customizable for the 
facade. Recognising that the transmission of volumetric information from a BIM model to the tool is not possible, 
the volumetric data needs to be “copied and pasted” from BIM volumetric quantity take offs. 

Physical model. It is recorded that the use of mockups is standard practice for Façade testing. Their application to 
sustain LCA thinking is studied with a focus on façade designs that don’t use standard (off-the-shelf) components 
and implement more complex forms. Custom systems should be project-hyper-specific and potentially more LCA 
saving could be achieved. While virtual models and BIM models are not completely understood by the construction 
team members, the fabricators and the design teams; the use of a mockup is likely to engage more players in an LCA
approach. Design Variations suggested by the LCA could be assessed involving all of the stakeholders in the
dialogue. Its use strengthens the evaluation of some the LCA-based solution throughout the design process, 
pondering architectural, constructive, and performative and LCA values. Because it is a full-scale replica of a 
facade, it is natural that the mockup also serves as a last-round visual mockup; the final check on design aesthetics 
for the architect. The hypothesis of this research is that a mockup is functionally complementary to architectural 
LCA simulation tools such as Tally or SBS. The integration of digital tools and mockups here formulated is tested in 
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