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Abstract. The existing environmental crisis demands increased efforts to
design more sustainable buildings, which means the simultaneous balance
between environmental preservation, economic growth, and social well-
being. This challenging objective requires holistic methods that enable a
comprehensive, multi-dimension, and quantitative approach such as allows
the Life Cycle Sustainability Assessment (LCSA). In addition, the existing
context of digital transformation in the construction and building sector is
increasing the use of digital tools based on the BIM methodology to support
the assessment process and integrating more dimensions to guide decision-
making. The present work presents a workflow that enables the calculation
of the LCSA including operational and embodied aspects. The workflow
proposes the building elements that should be included in the BIM model to
enable the exchange of information. The workflow is focused on the Spanish
context and includes the use of Revit (as BIM modeler), Dynamo (as LCSA
tool), Cypetherm (as the energy demand calculator). The proposed workflow
enables us to compare different design options and building materials
without much effort. The study includes findings and recommendations to
reduce the effort when implementing the LCSA at the early design stages.

1 Introduction

During the last decades, several national building design regulations (for example, in
Spanish [1]) and sustainable systems certification (such as LEED [2] ) have focused on
reducing operational energy consumption during the building design process. However,
current challenging objectives such as the UN Sustainable Development Agenda [3] and the
decarbonisation objectives [4] require integrating other aspects and impacts such as the
embodied environmental impact and other dimensions such as economic and social. To
overcome these objectives, the Life Cycle Sustainability Assessment (LCSA) is proposed as
a framework that simultaneously integrates environmental, economic, and social
assessments. Promoted by the Life Cycle Initiative [5—7], the LCSA is defined as the sum of
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the Life Cycle Assessment (LCA), Life Cycle Costing (LCC) and Social Life Cycle
Assessment (S—-LCA). Conceived as a combination of different techniques with different
levels of maturity and data availability [8], the application of LCSA to complex products can
be difficult. Buildings as complex products present several limitations. Therefore, the
application of LCSA in the construction sector during the design stages and integrated into
the design tools is still scarce [9]. However, its implementation to assess the embodied
aspects using Building Information Modelling (BIM) models has been validated [10,11], but
the evaluation of operational aspects and the definition of workflows that comply with the
current Spanish energy assessment regulation has not been addressed in the literature.

1.1 Goal of the study

The study proposes a BIM-based workflow that integrates the information and modelling
requirements (input and outputs) to simultaneously perform the assessment of the embodied
and operational aspects of a building envelope using a Life Cycle Sustainability Assessment
(LCSA) method based on an element approach [12].

2 Workflow Description

2.1 Description of the method

To achieve this objective, a framework is proposed to be used in the building design process.
It definition is based on previous studies in this field [13—15], integrating three main modules:
background data, modelling, and calculation. Using a BIM model and a combination of
different software to conduct the LCSA calculation, four steps are proposed, including the
input information to define the building geometry, to conduct the LCSA calculation, and to
obtain the LCSA results.

The design of this framework focuses on the envelope design, where assessing the
balance between the operational and embodied aspects is significant [16]. The
methodological framework to implement the LCSA in BIM bases on previous studies in this
filed [9—11]. The system boundaries of the LCC, LCA and S-LCA includes the product and
construction stages (A1-A3 and AS5). It focuses on providing a harmonised framework to
simultaneously conduct the triple dimension assessment, considering harmonised data
sources for that purpose. However, due to the data availability there are slight differences in
the system boundaries of them, which is consistent with previous studies [6,9].

Step 1: Input information to define the building

The BIM model (building project), is developed in the Autodesk 2021 REVIT BIM software
[17], and integrates the geometry modelling of the building systems to be analysed: the
structure (including columns, beams, slabs, foundations), the envelope (including walls, roof,
slabs, windows, doors, and internal walls in a 200 LOD (Level of Development) [18].
Moreover, the BIM model definition includes the definition of zones, including tags, and
their function in the building (e.g., kitchen, living room).

Step 2: Input information to conduct the LCSA (Embodied and Operational
aspects)

Step 2.1: Input_Operational Impact Calculation
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The operational impact calculation is conducted based on the building energy demand. To
this end, the BIM model defined in Step 1 is exported to the IFC format using the IFC file
export-import platform, BIMserver.centre [19]. The platform is linked to the CYPETHERM
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Figure 1. Schematic of the workflow and information requirements.
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HE Plus calculation software to obtain the annual operational energy demand. The software
automatically extracts geometry information from the IFC model (about the walls, roof,
slabs, windows, doors, internal walls, and zones). Nevertheless, the detailed information
about the building materials and the building usage profile are manually inserted by the
user. The operational environmental impacts are calculated using the energy demand
multiplied by the electricity production factor extracted for Spain (extracted from ecoinvent
3.8 [20]). The operational cost is calculated using the electricity cost from official sources
[21].

Step 2.2: Inputs_Embodied Impact Calculation

The embodied aspects calculation is conducted using a visual programming language
Dynamo (Autodesk Revit 2021) Script, which has been previously addressed to calculate
embodied energy and embodied carbon [22]. The present work integrates the background
information (including environmental, economic, and social indicators) with the BIM model
building element volume quantity take-off. The environmental data on the building material
are extracted from geographically representative construction products EPDs (Environmental
Product Declaration), developed according to the EN 15804 [23] standard and web-published
in Spanish EPD Programs (EPD International, DAPconstruccion and GlobalEPD). The
economic and social data are extracted from the BCCA [24] (Andalusian Construction Cost
Base). The information about the environmental impacts and economic cost has been
collected and organized in a Triple Bottom Line Data Base (TBL) [9] that follows an element
classification [12]. The Dynamo Script uses the TBL database as data input to enrich the BIM
model information.

Step 1 Step 2 Step 3
Input information to define the building Input information to conduct the LCSA Output information
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Figure 2. Schematic of the steps and main information.
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Step 3: Output information

LCSA results (graphics) are shown in real time, integrating the embodied and operational
aspects (see Figure 2). This step enables us to compare and identify the building design option
that produces the lowest environmental impacts, costs, and social (footprint and handprint).

3 Conclusions

This paper presents a conceptual structure and demonstrates the utility of the BIM model to
perform the LCSA, including embodied and operational aspects calculation in compliance
with the current Spanish technical regulation. The paper shows the steps followed to
simultaneously calculate and visualize the results of environmental, economic, and social
assessments using two main software, Autodesk Revit (Dynamo) and CYPETHERM HE
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Plus, and based on a 200 LOD BIM model (integrating the geometry definition of the
envelope and structure). The BIM model can be automatically imported to the Energy
Performance Simulation and re-imported to Autodesk Revit. The current study was limited
to consider one indicator per dimension to demonstrate it feasibility. However, to enrich the
indicators the same procedure could be used. New impact categories (environmental,
economic and social) can be included the TBL database and linked them to BIM model
element volumes using the Dynamo Script. Future research can focus on validating the
workflow application in different case studies.
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