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A B S T R A C T

The circular economy transition of the built environment is of high priority in the EU, a challenge even more 
pressing in the housing sector. Conceptualising buildings as ensembles of standardised and prefabricated 
products, which can be separated into both defined building parts or layers is an accepted circular design 
approach facilitating future replacement and reuse. Life Cycle Assessment (LCA) is a tool for achieving circularity 
by informing design choices based on predefined lifespans. However, there is conflicting top-down guidance 
about whether to assume individual lifespans for constituent components or to group these into building layers 
when carrying out whole building LCAs. This study reviews the latest guidance on building layers and parts 
according to the European Level(s) framework, ISO 20887 standard for Design for Disassembly and Adaptability, 
and the Shearing Layers concept. An energy efficient housing case study was used to compare organisation of the 
Life Cycle Inventory into separate lifespans for components and layers aligned to Shearing Layers, with lifespans 
defined by Level(s) Indicator 2.1. The study focussed on Module B4 replacements over a 100-year period. The 
findings reveal that assuming the replacement of building components as opposed to layers results in greater 
carbon emissions. In both cases, emissions were approximately double the amount of upfront carbon to produce 
the initial building. These findings demonstrate the importance of lifespan assumptions in LCA, which should be 
further developed. The study provides an LCA template for practitioners to organise the building inventory and 
apply lifespan assumptions, improving rationale behind design decisions.

1. Introduction

Approximately half of the planet’s natural resources are utilised for 
the built environment [79], making the construction industry both the 
largest emitter of carbon dioxide and the greatest consumer of materials 
[53]. In the EU, construction and demolition activities contribute to 
almost 40 % of all waste, much of which is landfilled, backfilled, or 
incinerated [42]. Alongside the need to reduce the consumption and 
destruction of materials, there are ambitious plans to renovate 35 
million residential and non-residential building units [39] and construct 
new housing stock to address severe shortages. Notable national new- 
build schemes include the Netherlands’ 1 M Homes initiative and Eng-
land’s target to build 300,000 new homes annually [11,78]. Based on 
these trends, there has been a paradigm shift in European policy towards 
a Circular Economy (CE) and a quantitative approach to sustainability in 
the construction industry in the last decade. This is attributed to an 
expanded awareness of a whole life cycle approach to sustainability, 

recognising the need to reduce greenhouse gas emissions from both 
operational activities and resource consumption [66,73]. This has 
resulted in a greater reliance on Life Cycle Assessment (LCA), which is 
increasingly required and regulated in Europe [38,72]. LCA is also more 
commonly used in combination with circular design principles ‘building 
layers’ which are differentiated by distinct constituent ‘building parts’ 
[9]. These design principles have been supported by developments in 
circular industrialised construction, where the prefabrication of stand-
ardised or ‘modular’ parts further facilitate their future disassembly and 
replacement, in addition to their initial assembly. The integration of 
these circular design concepts with LCA is essential to address both the 
climate and housing crises, particularly as 75 % of European building 
stock is residential [10,40].

Since 2019, these circular approaches have been incorporated into 
the European Green Deal [34], primarily through the Waste Framework 
Directive [32] and more recently with the Circular Economy Action Plan 
(European [37]. The European Commission is continuing to exploit the 
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Demolition work in preparation for the Olympic Park, London in 2007. 
Photograph: Matt Cardy/Getty Images
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Industrialised Construction
‘Modular’ approach supporting the Circular Economy transition

Daiwa House Modular Europe’s off-site factory & built housing in Wales, UK.  
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Current guidelines
Lifespan assumptions - EU Level(s) indicator 2.1
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Current guidelines
Contradictory layering approaches for practitioners
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Industrialised Construction
Defining ‘Components’ and ‘Kit-of-Parts’

Kit-of-Parts, or major building parts, create building 
systems that may form enclosed spaces. Examples 
include external wall panels, façade systems, 
bathroom pods, and internal wall systems (with 
doors).

Kit-of-Parts are composed of components , or minor 
building parts, such as doors and windows within wall 
panels, partition walling, and fitted wardrobes.
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Aims of the study

This study considers:

Defined building parts and layers consistent with an industrialised approach.

Recurring embodied carbon due to replacements.

A 100-year lifespan, appropriate for housing and promoting longevity.

Application of Brand’s Shearing Layers, with inclusion of the building services layer.

Visual presentation of LCA results to aid practitioners in carbon hot-spotting to inform 
sustainable design decisions.

The purpose of this LCA study is to compare the impact on GWP results of 
replacements during the use phase, based on two prominent circular architectural 
design approaches outlined in relevant grey and academic literature: assuming individual 
lifespans for minor building parts (components) versus grouped average lifespans for 
building layers.
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2. Methodology
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The case study house
A highly energy-efficient house built using industrialised construction

Location: UPV campus. Valencia, Spain
Built: 2011. Prefabricated and assembled 
within 19 days on-site
Architect: Ignacio Guillén Guillamón
Construction: Steel frame & ventilated facade
Energy strategy: Passive design & on-site 
electricity generation (Class A energy rating)

Edificación Eco-Eficiente
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Methodology

Five of Stewart Brand’s six ‘Shearing Layers of 
Change’ applied to the case study house
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Secondment report   2 

 

 
 

 

Figure 1. Life Cycle Inventory for LCA using SimaPro Software based on a Bill of Quantities, CAD 
drawings and Revit model (above) 

 Develop an adapted LCA Methodology 

An adapted cradle-to-cradle LCA methodology considering the varying life spans of different 
components aligned to Brand’s Shearing Layers will be developed with the completion of the 
first LCA of EEE. To this aim, I will be presenting a paper at the VIBRArch conference at UPV in 
November that demonstrates the methodology with the EEE case study. Once the LCA for EEE 
has been completed I will continue with the second LCA of the Escalà project by team Azalea 
for Solar Decathlon 2022, which will be presented at the RE-DWELL conference in Grenoble. 
This will then be developed into an article, which is to be submitted to a journal in the new year. 

 Observe Escalà disassembly & pilot interview 
questions  

Escalà is the project entry by team Azalea from UPV which took part in the Solar Decathlon 
competition in May 2022. For the competition, each team built a prototype house, which was 
disassembled, then transported, and re-assembled at the competition site during a two-week 
period in Wuppertal, Germany. I was able to observe the disassembly of the Escalà house at the 

Methodology
Secondment report   2 

 

 
 

 

Figure 1. Life Cycle Inventory for LCA using SimaPro Software based on a Bill of Quantities, CAD 
drawings and Revit model (above) 

 Develop an adapted LCA Methodology 

An adapted cradle-to-cradle LCA methodology considering the varying life spans of different 
components aligned to Brand’s Shearing Layers will be developed with the completion of the 
first LCA of EEE. To this aim, I will be presenting a paper at the VIBRArch conference at UPV in 
November that demonstrates the methodology with the EEE case study. Once the LCA for EEE 
has been completed I will continue with the second LCA of the Escalà project by team Azalea 
for Solar Decathlon 2022, which will be presented at the RE-DWELL conference in Grenoble. 
This will then be developed into an article, which is to be submitted to a journal in the new year. 

 Observe Escalà disassembly & pilot interview 
questions  

Escalà is the project entry by team Azalea from UPV which took part in the Solar Decathlon 
competition in May 2022. For the competition, each team built a prototype house, which was 
disassembled, then transported, and re-assembled at the competition site during a two-week 
period in Wuppertal, Germany. I was able to observe the disassembly of the Escalà house at the 

Image show the Revit BIM model for the Edificación Eco-Eficiente house 
Model used in conjunction with CAD drawings, specifications and BoQ for the 
lifecycle inventory - material types and quantities

Image shows data entry within Simapro software 
The study utilises the Ecoinvent database
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Methodology
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Case study inventory 
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Layers & lifespan assumptions
Defining the number of replacements within 100 years

average lifespan = rounded((x1 + x2 + x3 +…+ xn)/n)
Values for building layer lifespans were calculated by averaging 
using the mean: sum of all component lifespans (x) divided by 
the total number of building parts within the layer (n) rounded 
to the nearest whole number.
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Case study inventory 
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LCA modules included in the study

EN 15978 Sustainability of Construction Works. 
Assessment of Environmental Performance of Buildings. Calculation Method.
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3. Interpretation of Results
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Carbon dioxide emissions during a 100-year use period
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Embodied carbon breakdown by layer
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A1–A4 embodied carbon breakdown
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B4 embodied carbon breakdown - component lifespans
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B4 embodied carbon breakdown - layer lifespans
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4. Conclusions
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ConclusionsConclusions
Applying the circular principle building layers to the replacement of building parts has an impact on LCA 
results quantifying CO2 emissions, producing different results compared to managing individual 
component lifespans.

LCA study investigating the impact of circular 
design principles in industrialised housing.

Two calculations compare replacement of 
building layers versus components.

Replacement of building components results in 
greater carbon emissions.

Both methods resulted in emissions 
approximately double the upfront carbon.

The findings are useful for Life Cycle Inventory 
definition and carbon hot-spotting, which is 
particularly advantageous for the continuous 
improvement of industrialised building systems.

Highlights
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5. Reflections
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Implications for practice

LCA replacement calculations should use a component approach 

Using layers is helpful to organise the LCI and aid carbon hot-spotting 

More accurate lifespan data needed from manufacturers

Designers to incorporate measures to reduce embodied emissions during the use phase

Greater LCA collaboration between designers and off-site contractors needed

Simplified LCA methodologies needed for ‘normal’ architects 

Detailed up-to-date databases needed for LCA practitioners

Regulating embodied carbon - LCA calculations should be included in the procurement process 

Policy measures needed to enhance reliability/standardisation for component lifespans

it is crucial for practitioners to utilise industrialised construction, integrating 
design for disassembly to facilitate future maintenance, building adaptations, and 
End-of-Life reuse scenarios. This enhances building circularity and increases the 
likelihood of realising LCA calculations and assumptions.
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Implications for academia & education

The construction industry is risk-averse, resistant to change and slow to modernise. 
It is crucial for architectural education to integrate life cycle thinking to embed 
sustainable design practices from the planning and concept design stages.

Students increasingly familiar with the basics from information exposure in the media

Need to incorporate LCA into architecture courses & educational programs

Applied design projects for students to critically assess/contextualise impact of design decisions

Introduce each life cycle stage in separate curriculum modules to go into greater depth

Need to make students passionate about environmentally sustainable design

“If we show LCA as something foreign to architectural practice, students will hate it”
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Questions?

Thank you



If you would like to know more, please 
contact me at annette.davis@salle.url.edu or visit 
the project website at re-dwell.eu 

let’s connect 
on LinkedIn

read the full article 
published in Elsevier’s 
Energy & Buildings


