
International HISER Conference on Advances in Recycling and Management of Construction and 

Demolition Waste 

21-23 June 2017, Delft University of Technology, Delft, The Netherlands 

105 

 

 

 

 
 

Extending buildings’ life cycle: sustainability early design support tool 
 

Joana B. Andrade
1 
and Luís Bragança

2
 

1 
University of Minho, Department of Civil Engineering, 4800-058, Guimarães, Portugal, 

Phone (+351) 253 510 984; email: joana.andrade@civil.uminho.pt 
2 

University of Minho, Department of Civil Engineering, 4800-058, Guimarães, Portugal, 

Phone (+351) 253 510 242; email: braganca@civil.uminho.pt 
 

ABSTRACT 
 

Sustainability concerns are in all sectors’ agendas, and building industry is not an exception. 

Sustainable design should both, reduce the environmental impact caused by buildings 

throughout their life cycle and positively contribute to people’s well-being by addressing and 

being adaptable to their needs. 

There is the need for an early design support tool to aid implementing sustainability concepts 

since the project beginning toward sustainable built environment. Regardless of the existing 

number of building sustainability assessment tools, these were not developed to be applied at 

early design, requiring great data detail, inexistent at these stages. Most of the tools are 

directed to evaluate the performance of chosen solutions rather than aiding the decision- 

making process. This paper presents a new approach for an early design support tool for 

residential building. The tool is aimed to aid designers evaluate and compare different design 

alternatives, allowing them to make an informed decision based on the performance of the 

solutions, across the three cornerstones of sustainability. Additionally, the tool was thought to 

increase awareness across all stakeholders, promoting and encouraging the adoption of more 

efficient solutions. The structure of the tool and its main framework are depicted in  this 

paper. To identify the criteria to include in the tool it was necessary to analyse the existing 

sustainability assessment standards and tools as well as the project teams’ actions. The level 

of detail of the indicators was also analysed as at early design not all aspects are relevant or 

capable of being addressed. This analysis led to the nineteen indicators, spread in seven 

categories. Using this tool, it is expected that buildings can easily be adapted to new 

necessities, extending their life cycle while improving life quality, and consequently reducing 

their environmental impact. 

 

Keywords: Early design stage, sustainability, buildings, flexible design. 

 

INTRODUCTION 
 

It has been largely accepted that a building’s life cycle performance depends on the decisions 

made during early design phases [1]. Thus, despite its difficulty, predicting design 

consequences for the building life cycle, at early design phases, it is crucial to improve the 

buildings sustainability [2]. Nevertheless, most building sustainability assessment  (BSA) 

tools were not design to be used in such early stages as they reply on detail data, which is not 

available at those stages [3]. Sustainable design should then assure the reduction of 

environmental impact, and contribute to people’s well-being by addressing and being 

adaptable to their needs. 

With this in mind, a design support tool was developed aiming to aid the designers decision- 

making process at early design phases, across sustainability three cornerstones. Additionally, 

the tool was thought to increase awareness across all stakeholders, promoting and  

encouraging the adoption of more efficient solutions. 
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FRAMEWORK FOR EARLY STAGE SUSTAINABILITY DESIGN MODEL 
 

Aim and scope 

Early Stage Model for Sustainable Design – EasyMode aims to establishing a method to aid 

designers’ decision-making since early stages, considering environmental, social, and 

economic criteria, attaining for a sustainable built environment. To do so, two viewpoints 

were established quantification and decision making. The quantification, intends at estimating 

the design solutions potential impacts. This occurs at the indicator level, quantifying the 

performance of each alternative. The decision-making viewpoint, provides valuable 

information for the decision-making process throughout the building design, from the 

comparison of design alternatives. 

The approach established had the following premises: (i) be simple and easy to use; (ii)  

follow international standards for sustainable construction; (iii) comprise the three 

sustainability dimensions; (iv) Be applicable for dwellings; (v) simultaneity of quantitative 

and qualitative criteria; (vii) in line with Portuguese regulations and reality and, (viii) enable 

to validation. 

EasyMode boundary system considers the building and its external works, within the building 

site and its foundations, as recommended by EN 15643-2:2011. All the building’s life cycle 

phases are considered, and the default reference service life (RSL) established is fifty years. 

 

Structure 

EasyMode follows the workflow shown in Figure 1 and it is structured in seven fundamental 

categories: (i) Project quality and management – the whole must be understood as well as its 

parts to pursue sustainability; (ii) Place – consider site conditions, ecology and social 

constrains; (iii) Selection of materials – select low impact and high performance materials, 

components and technologies, promote efficient use of resources; (iv) Efficiency – reduce 

resources exploitation, such as water and energy, by designing buildings that enable efficient 

use of resources and less waste generation; (v) Health and comfort – promote well-being and 

comfort, from thermal comfort to indoor air quality; (iv) Functionality – improve building’s 

functionality, such as space efficiency and adaptability potential and; (vi) Life cycle costing – 

consider life cycle costs for more informed decisions. 

Each category has at least one indicator, comprising a total of nineteen indicators (Table 1). 

Designers are not obliged to evaluate all the indicators, they are able to choose the ones to do 

so. 

The indicators were selected considering the following requisites: (i) be recognised in 

international BSA standards; (ii) address the whole building life cycle; (iii) presence in 

existing BSA tools; (iv) consider regional characteristics and; (v) cover all sustainability 

dimensions. The selection process accounted for a deep review of existing standards and tools 

[3], a survey to designers and a deep analysis to sustainability indicators required data and 

calculation procedures. 



International HISER Conference on Advances in Recycling and Management of Construction and 

Demolition Waste 

21-23 June 2017, Delft University of Technology, Delft, The Netherlands 

107 

 

 

Technical 

 

 

 

 
Best alternative for each 

indicator 

Figure 1. EasyMode workflow. 

 
Table 1. Proposed structure for EasyMode. 

 

Area Category Indicator 
 

I1. Life Cycle Environmental impact 

I2. Certified products and responsible 

 

 
Environment 

C1. Selection of materials 

 

 

 

C2. Efficiency 

 

 

C3. Health and comfort 

sourcing 

I3. Recycle and reuse of materials and 

components 

I4. Heat island effect 

I5. Energy efficiency 

I6. Water use 

I7. Waste production 

I8. Thermal comfort 

I9. Visual comfort 

I10. Acoustic comfort 

Social and 

Functional 

  I11. Indoor air quality  

I12. Space efficiency 

I13. Adaptability 

C4. Functionality I14. Accessibility/design for all 

I15. Cleaning and maintenance 

management 
 

Location C5. Place 
I16. Efficient use 
I17. Cultural value 

C6. Project quality and 

management 
I18. Passive design 

 

Economic C7. Life cycle costing I19. Life cycle cost 
 

 
 

Evaluation process 
 

The evaluation framework process is organised in three main steps: (i) input, (ii) engine  and, 

(iii) output. The first, consists of gathering the building generic data (typology, location, 
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climate, main characteristics, etc.), basing the assessment. The engine is the calculation stage; 

despite not visible to the users, it is the most important part of the tool. The algorithm 

implemented in each indicator differs from indicator to indicator. Nevertheless, in all it is 

possible to add and compare alternative solutions. 

An indicative performance three-level scale is used in each indicator to enable alternative 

comparison and to aid setting sustainability goals; being Level 1 the minimum performance 

and Level 3 the highest. For most indicators, the factor for rule [4] is used to  set  the 

thresholds for each indicative performance level. 

EasyMode does not weight nor aggregates indicators in an overall score; results are displayed 

individually, as mid-point indicators. 

 

CONCLUSION 
 

This paper presents a novel sustainable design methodology for supporting early design 

stages decision-making in dwellings - EasyMode. This tool enables a building project to be 

conscientiously designed, improving its performance while reducing its environmental 

impacts since early design. This way resources and materials can be spared, design for reuse 

can be adopted, thus improving environmental performance and social well-being toward 

sustainable built environment. 
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