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Introduction

The building sector is a great contributor to global 
energy use and greenhouse gas emissions (GHG), 
with growing residential construction in Spain posing 
a challenge for decarbonisation. While operational 
emissions have traditionally been prioritized, 
embodied carbon is becoming increasingly 
significant. 

Addressing these impacts requires forward-looking 
approaches integrating Life Cycle Assessment 
(LCA) and scenario-based analysis. This study 
explores future scenarios for residential construction 
in Spain, combining prospective LCA, statistical 
data, and BIM-based modelling to assess whole life 
carbon emissions. 

The aim is to identify effective strategies to reduce 
emissions while supporting sustainable sectoral 
development and evidence-based decision-making.

Methods

The study uses a scenario-based framework 
combining prospective LCA, mathematical modelling, 
and BIM to assess embodied and operational carbon 
emissions in future residential construction in Spain, 
structured in four methodological stages.

Construction floor area a 

key driver of 

decarbonisation in 

Spain’s residential 

building stock

- Multiple future scenarios for building growth.

Six scenarios model the posible tendencies of new 

residential floor area in Spain up to 2075. 

- GHG emissions are assessed across 

scenarios and different climate zones in Spain. 

The model covers both operational and embodied 

emissions over a 50-year life cycle.

Results

Conclusions
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This study highlights a critical opportunity to assess 

environmental performance and accelerate 

decarbonisation, particularly when supported by Whole 

Life Carbon (WLC) assessment methods (including 

operational and embodied impacts) and prospective 

LCA.

- Construction activity—particularly GFA growth—

is a relevant driver of residential GHG emissions, 

outweighing the impact of grid decarbonisation.

- Limiting new construction and prioritizing 

renovation and reuse are relevant for effective 

decarbonisation.
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Fig. 1. Modelling of operational and embodied GHG emissions derivate from 

residential news building stock future scenarios*.
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Fig. 4. Modelling of operational GHG emissions derivate from residential news 

building stock future scenarios*. 

Fig. 3. Modelling of residential news building stock future scenarios*.           
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Fig. 2. Scheme of the methods*.           

*Source: Authors owns elaboration.
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