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ABSTRACT
The construction sector has a significant social and economic impact on the European Union (EU), 
contributing towards employment opportunities (over 20 million directly dependent jobs). However, it 
is important to take into account the negative impacts of this industry, especially regarding the environ-
ment. As an important resources consumer, the construction industry can play an active role developing 
new strategies for minimizing impacts on the environment throughout the life cycle of buildings and 
its components.

The Construction Products Regulation (CPR) has contributed to set the quality standards for build-
ing products. The inclusion of ‘Sustainable use of natural resources’ as a basic requirement in the CPR 
has been an important step towards the acknowledgment of environmental impacts on construction 
products. Assessing the negative effects in product development at the early stages is one of the most 
effective methods to improve their environmental performance.

The concept of Eco-design has emerged as an approach to environmental management, by consider-
ing environmental aspects in the product development, without compromising other basic requirements, 
such as performance, quality and cost. The consideration of this approach at the early stages of con-
struction product development contributes to the improvement of their environmental performance. 
Several methodologies and tools regarding an Eco-design approach have been developed over the last 
years. However, there are still research opportunities regarding its application within the construction 
industry.

In this paper, a concise review of the most significant tools, methods and regulation regarding the 
Eco-design approach is given, considering its application to the development of innovative and sustain-
able construction products.
Keywords: eco-construction, eco-design, sustainability.

1  INTRODUCTION
The construction sector has a significant social and economic impact in the European Union 
(EU), providing housing conditions and contributing towards employment opportunities and 
economic growth (10% of the EU’s Gross Domestic Product – GDP). However, this industry 
is also responsible for negative impacts, especially regarding the environment, that must be 
taken into account, such as depletion of natural resources, energy consumption and genera-
tion of waste.

As an important resources consumer and a significant support for European economy, 
the construction industry can play an active role developing new strategies for minimiz-
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ing impacts on the environment. One of the strategies followed over the last years regards 
the concept of ‘sustainability’. This term is usually used as an attempt of the construction 
industry to complete the sustainable development goals, which include buildings’ energy 
efficiency and reducing waste generation through prevention, reduction, recycling and  
reuse [1].

In order to understand the framework of the ‘sustainable building’ concept, it is important 
to recognise the main ideas that support this definition, regarding sustainable development 
and the role that buildings can perform in this context.

In the literature, it is possible to find many different definitions of sustainable development [2].  
The most famous one can be found in the Brundtland Report, more commonly known as ‘Our 
Common Future’: ‘meeting the present needs without compromising the ability of future 
generation to meet their needs’ [3].

It is a broad concept applied to a wide range of areas that allows drawing some different 
ideas to support the application of sustainability concepts in the construction sector. The first 
idea comes with the vision for the future and into the future, involving a high level of uncer-
tainty in a world in constant transformation and innovation. The second is the definition of 
our needs. Our living requirements rely on multiple factors such as climate, social, cultural 
and economic context, among other external circumstances, that are expected to change in a 
long-term approach [4]. The different points of view for each of these aspects have been 
responsible for the application of different methodologies towards sustainability, especially 
regarding the building and construction sector.

The growing issues and concerns regarding the environmental impacts in product 
development have raised the awareness for Eco-design. This concept has been largely 
studied and adopted over the last decades, particularly as an industrial design strategy. 
However, its application to the development of innovative and sustainable construction 
products is also possible and appropriate, especially at redesign or at early stages of 
product development, since it can contribute to the improvement of their environmental  
performance.

This work is supported by a literature review regarding the main references on ‘Eco-design’ 
and ‘sustainable construction’, covering different research areas such as industrial design, 
engineering design, sustainable architecture and environmental management, selected from a 
wide range of references. Since the aim of this paper is to present a concise review on Eco-
design, starting from a comprehensive approach into its application to the development of 
sustainable construction products, the most relevant journal articles, conference papers, dis-
sertations and technical reports were selected.

2  THE ECO-DESIGN APPROACH
Eco awareness is a clear reflection of the change in the European society. Consumers agree 
that the environmental impact is the third most important factor when buying, after quality 
and price [5]. The importance of cost and quality over environmental issues is also highlight 
by Luttropp and Lagerstedt [6], who considers that ‘without customers prepared to pay for 
the function and if companies cannot make a profit, there will be no market, no matter how 
well the environmental issues have been addressed’.

As a result, by attempting to reduce the environmental impacts of current products while 
considering their economic aspects and functional performance, one can move towards more 
competitive, innovative and sustainable solutions. This creates an opportunity to improve 
functional performance provided by a product over its life cycle while its environmental 
impacts are reduced.
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In the following sections, three different parts are presented, in order to provide an organ-
ized and general understanding of the eco-design approach. The first section is focused on the 
Eco-design definition and the description of the design process. Next, the standards, direc-
tives and European regulations are shortly described. Finally, the main methods and tools 
identified are listed and briefly defined.

2.1  Definition

There are many terminologies used to describe the consideration of environmental impacts in 
products: ‘Design for the Environment’ (DfE), ‘green design’ or ‘environmental design’. 
However, the term ‘eco-‘ present in ‘eco-design’ allows relating not only with ecology but 
also with economic aspects of products.

The word “design” has a broad meaning that expresses activities regarding design, project 
and planning drawing a creative path from a problem or a need towards its solution. This path 
has to be flexible and open to allow different approaches and methodologies to be addressed. 
One of the most common ways of describing a design process (such as product design, archi-
tectural design, urban design, engineering design or other different design areas) is to “see it 
as a chain of tasks that must be carried out for a new product” [6].

The term Eco-design emerges from these definitions, referring to a new smart and proac-
tive design approach in line with the Bruntland report statement of sustainability [7]. It 
involves the consideration of environmental issues in the product development process in 
order to minimize environmental impacts throughout the whole product’s life cycle, without 
compromising other essential criteria such as performance, quality and costs [8].

The eco-design approach widens the scope of traditional design towards a more sustaina-
ble design by learning and intending to reduce the environmental impacts of products and 
solutions through their entire life cycle, instead of being focused on the production and use 
stages.

The different areas of design (architecture, engineering or industrial design) put forward 
important challenges to minimize the environmental impacts and develop eco-friendly prod-
ucts and systems, placing the environment at the same level of importance as efficiency, 
aesthetics, costs, ergonomics, and functionality. At an organization and management level, 
this approach may help to promote a competitive differential and contribute to add value to 
the productive chain, from raw material selection to the end of life, proving the environmen-
tal responsibility of the manufacturer [9].

ISO 14006:2011 also presents a definition for eco-design as the integration of “environ-
mental aspects into product design and development with the aim of reducing adverse 
environmental impacts over the lifetime of the product” [10]. This definition is widely 
accepted and presents the required flexibility to be addressed by different design areas and 
product types.

Within the design process, the Eco-design approach can be appreciated as a system of 
principles and rules containing the necessary tools to address a given problem, helping to 
drive towards smarter and more innovative solutions.

2.2  Standards and directives

The legal and normalized framework that regulates the European market for products has 
become more environmental conscious and energy efficient over the last decades. This 
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awareness is expressed in the different documents available to support the integration of 
environmental aspects during the product design process.

The ‘Eco-design Directive’ [11] was initially published in 2005 and established a frame-
work for the setting of eco-design requirements for energy-using products within the 
European market. In 2009 the scope of this directive was extended to ‘other energy related 
products’ where construction materials can be included, since they have a significant impact 
on the energy and resource consumption. The ‘Eco-design Directive’ outlines the conditions 
for the implementation of measures regulating the environmental characteristics that energy-
using and other energy related products need to have in order to be placed in the European 
market. This directive can be perceived as an important tool to increase the performance 
of products, especially regarding their environmental impacts, by promoting the prepara-
tion of Environmental Product Declaration (EPD) through a Life Cycle Assessment (LCA) 
approach. An EPD is a normalized document that expresses the assessment of environmental 
impacts of products, in compliance with ISO 14025: 2006 [12].

This LCA approach, presented in ISO 14040:2006 [13], was developed for evaluating the 
environmental impact of systems through the entire life cycle, from raw material extraction and 
acquisition, through energy and material production and manufacturing, to use and end of life 
treatment and final disposal. Through such a systematic perspective, the potential environmen-
tal burden from life cycle stages or individual processes can be identified and possibly avoided. 
The structure of a typical LCA comprises four different phases, as presented in Fig. 1.

ISO 14006:2011 [10] provides guidance for organizations on how to incorporate environ-
mental aspects into product design and development (eco-design) within the framework of 
environment management systems (ISO 14001:2015) and quality management systems 
(ISO 9001:2008). It does not give details on how to carry out eco-design at the design level 
but provides specific guidance on how to address the environmental impacts of products or 
services within the context of the environmental management system. However, this stand-
ard provides generic principles and guidelines that must be considered through eco-design 
activities in product design and development (Fig. 2).

ISO/TR 14062:2002 presents a design and development strategy based on a life cycle 
approach that ‘aims to provide people directly involved in the design and development phase 

Figure 1: Stages of life cycle assessment (adapted from ISO [13]).
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with a systematic program for predicting and identifying the possible effects their future 
products could have on the environment, and for making effective decisions in the design and 
development of these products in order to improve their environmental performance’ [11].

According to this reference, the integration of the environmental aspects within the design 
and development of products, at an organisational level, must comply with the following 
principles:

•	 ‘Early integration’: once the product has been fully developed or marketed, the attempts 
to improve the environmental performance will be more limited;

•	 ‘Life cycle approach’: the consideration of all the life cycle stages is essential to grow a 
valid awareness on how products can affect the environment;

•	 ‘Functionality thinking’: the focus must be on identified needs and performance require-
ments;

•	 ‘Multi-criteria concept’: the design approach must be developed allowing the combina-
tion of different criteria, such as quality, costs and environment;

•	 ‘Trade-offs’: an integrated perspective can help achieving a compromise between require-
ments, benefits and needs. The balance between different aspects of the eco-design strat-
egy may vary accordingly to specific products, type of organisations and defined goals. 
The acknowledgment of risks and trade-offs associated with strategies assumed during 
the design process is important to perform an adequate evaluation of the environmental 
performance of products.

The definition of product-related objectives is also an important step regarding the integra-
tion of environmental aspects and consideration of environmental impacts, such as the 
conservation of resources, recycling and energy recovery and prevention of pollution, waste 
and other negative impacts. These objectives are be determined by the different inputs and 
outputs of the product life cycle (Fig. 3).

Within the design and development process of products, the integration of the environmen-
tal aspects follows six distinct phases, each with different possible integrations of 
environmental aspects. The sequence of the different stages allows a continuous improve-
ment of the process, by establishing an iterative model to evaluate results against 
environmental targets and reference products (Fig. 4).

Figure 2: Eco-design activities in product design and development [10].
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2.3  Methods and tools

To enable an Eco-Design approach, it is necessary to assess the environmental problems and 
its causes in order to influence the design, materials selection, production, use, reuse, recy-
cling and final disposal of the products. This evaluation can be performed by a wide range of 
tools and methods. Baumann et al. [14] identified nearly 150 eco-design tools. Considering 
the eco-design goal, the selection of the most adequate tools can be made depending on the 
type of assessment and outputs, the suitability and the phase of the eco-design [15].

In this section, a concise sample of the most mentioned tools is presented. Following the 
classification proposed by Knight and Jenkins [16] the tools can be divided in three broad 
categories: analytical tools, checklists and guidelines.

One of the most relevant analytical tool for the assessment of the environmental impacts of 
products/systems along their service life is LCA, presented in ISO 14040:2006 [13]. As pre-
viously described in this paper, LCA is a framework that was developed to evaluate the 
environmental performance of systems throughout their service life, providing quantitative 
data as an output of the assessment. LCA has been recognized as an efficient method to deter-
mine environmental impacts supporting impact calculation in several software tools (SimaPro 
and GaBi, for example). However, this methodology involves a large amount of information 
that is still not completely quantified at early stages of the design process. Therefore, the 
assessment is more efficient when applied as an assessment tool at the advanced stages of 
product design or during redesign processes. At these stages, it is also possible to identify 
improvement opportunities for the product under development. In alternative, a simplified 
version of LCA can be used, though it may increase the uncertainty of the assessment results.

Figure 3: Association of inputs and outputs with product life cycle [11].

Figure 4: �Typical stages of the product design and development process (according to  
ISO [11]).
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The recognition of the complexity related to LCA tools has led to the development of simpli-
fied guidelines and checklists that more easily support designers to make decisions, especially 
at the early stages of product development [17].

The MET matrix, presented by Brezet and van Hemel [18], is a different analytical tools 
that provides a qualitative and quantitative evaluation of a product. This matrix focuses on 
three aspects of a product, such as materials (M), energy (E) and toxicity (T), and their inputs 
and outputs through five broad stages of product life cycle. The final output is a table com-
posed of five rows and three columns to help the design team to obtain a global view of the 
inputs and outputs in each stage of product life cycle.

The implementation of this matrix is simple and can easily summarize the key environ-
mental aspects to take into account during the design process. It is not specifically oriented 
towards the end of life of product and can be used throughout the life cycle. The estimation 
of the environmental aspects must be combined with other fundamental aspects in product 
design (technical and economic, for example), requiring a multidisciplinary team. Its imple-
mentation is simple and fast but may result in subjective outputs, making it hard to compare 
different products, depending on the teams.

The checklists are another different simplified approach to eco-design that allows a fast 
estimation of the environmental profile of a product. These tools are usually applied for spe-
cific business activities at the initial design stages, such as Fast Five Phillips [19] and Volvo’s 
Black, White and Grey List [20]. Despite the product’s complexity, it is possible to create 
specific checklist to address the key issues along the design process. The use of checklists is 
usually recognized as being useful and easy to understand and implement, being often the 
first tool used when starting and eco-design approach [16].

The use of guidelines provides a broad support that may cover some parts of product devel-
opment process or the whole life cycle. The design and development strategy presented in 
ISO/TR 14062:2002 presents a systematic guideline tool applicable to the whole product life 
cycle. The guideline “Eco-design and 10 golden rules” [6] is a highly generic guideline estab-
lished to work as a starting point to develop more specific and customised guidelines, 
depending on the product type and specific performance requirements.

The advantages of these simplified methods rely on a quick evaluation of the product’s envi-
ronmental profile that helps to easily assess improvement actions during the product’s 
development process. However, team experience is required in order to develop specific check-
lists and guidelines, to insert relevant information and to interpret the outputs of these tools.

3  THE ECO-DESIGN STRATEGY FOR THE CONSTRUCTION INDUSTRY
For marketing construction products in Europe, the industry must observe the rules defined 
in the Construction Products Regulation (CPR) [21]. This document provides technical indi-
cators to assess product performance (‘Declaration of Performance’) that allows comparing 
different products. The inclusion of ‘sustainable use of natural resources’ as a new basic 
requirement to settle the quality standards of building products has been an important step 
towards the acknowledgment of the environmental impacts and the improvement of the func-
tional and environmental performance for construction works. This particular requirement 
promotes the reuse or recyclability of building materials and parts after demolition, the dura-
bility of the construction works and the use of environmentally compatible raw and secondary 
materials. Besides the technical information regarding the product performance, the 
‘Declaration of Performance’ should also be accompanied by information on the content of 
hazardous substances in the construction product, in order to improve the possibilities of 
sustainable construction and enable the development of eco-friendly products.
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Buildings are responsible for a significant amount of energy consumption and CO2 emis-
sions in the EU. Aiming to reduce the energy consumption of buildings, the Energy 
Performance of Buildings Directive (EPBD) [22] encourages the improvement of the energy 
performance of buildings within the EU, taking into account local climatic conditions, as 
well as indoor climate requirements and cost-effectiveness. One of the most relevant require-
ments that emerge from this directive states that all new buildings must be nearly zero energy 
buildings by December 2020 and, in the case of public buildings, this requirement must be 
fulfilled by December 2018. These provisions are causing a great impact in the construction 
sector, demanding improvements of the energy performance of elements in the building enve-
lope in case of new constructions, conservation actions or major renovations.

In the same line with the EPBD, the extension of the scope of the ‘Eco-design Directive’ 
in 2009 to ‘other energy related products’ [23] allows considering construction products, 
such as building elements that form part of the building envelope, since these construction 
elements have a significant impact on the energy performance of the whole building.

The European legal framework promotes the integration of environmental considerations 
into building systems and construction products, which can be converted into an eco-design 
approach within the construction industry. The consideration of eco-design in the building 
and construction sector refers to ‘processes which are environmentally responsible and 
resource efficient throughout a building life cycle’ by considering different aspects such as 
building and products design, materials, equipment, energy generation and services [24].

Regarding the sustainability of building construction products, international standard ISO 
21930:2007 [25] provides the principles and requirements for EPD of building products. As 
previously mentioned, an EPD is a declaration providing quantitative environmental data by 
defining parameters and other relevant environmental information, if relevant. This document 
can be an important tool to assess the environmental impacts after the design process, being 
more adequate for product improvement through redesign processes.

The architectural design of buildings, regarding its overall aesthetics, material selection, 
geometry and detailing, determines many functional performance requirements, such as 
durability and energy consumption. An eco-designed building has to be a smart and efficient 
building, or a ‘well-designed system’ in order to ensure an adequate durability, a good envi-
ronmental and energy performance with acceptable costs, without compromising other 
relevant aspects, such as the desired aesthetics and safety. Regarding these concerns, the 
International Union of Architects endorsed a ‘Manifesto for responsible architecture’ pre-
senting the Architects’ commitment to the climate of the future. This document was presented 
in the UN Climate Change Conference (COP21) in November 2015 [26] and establishes 
design guidelines towards a more sustainable architecture, which enable the application of 
eco-design principles at the design stages through six different principles:

•	 Favour innovative proposals: the aim is for a more rational use of resources during the 
design of new buildings or renovation operations and encouraging innovative solutions 
that favour shared and adaptive spaces and facilities;

•	 Give value to design studies: the consideration of environmental performance of a build-
ing should be closely linked to architectural solutions, regarding the building orientation, 
geometry as well as the thermal performance of materials and systems;

•	 Favour the use of local resources and solutions for construction: the use of endogenous 
resources allows shortening supply chains, in order to significantly reduce the building’s 
carbon footprint, and focus on locally proven technical solutions;
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•	 Construct buildings that satisfy needs and anticipate their future adaptation: sustainable 
construction requires buildings designed to correspond to the present local needs of the 
region and looking towards the future, aiming for energy efficient housing;

•	 Study the life cycle and demolition of buildings: a sustainable building design pays at-
tention to recycling and reuse of building materials, during use and end of life stages of 
buildings;

•	 Renovate existing building stock: the renovation of the building stock is an important 
strategy to improve its energy and environmental performance.

These documents present different approaches, methods and guidelines that attempt to 
assess and reduce the environmental impacts of existing building systems, products and solu-
tions. Starting from this knowledge, one can begin to understand how to move beyond current 
solutions and towards more innovative and sustainable ones.

4  CONCLUSIONS
The definition of goals and specifications of products at the beginning of the design process 
is an essential step and also the ideal time for the introduction of eco-design concepts in the 
product’s development process. Along this process, many opportunities exist to fully inte-
grate environmental considerations into product design. This can lead to radical reductions of 
the amount of natural resources consumed, avoiding the use of toxic materials, reducing 
energy consumption during use to a minimum, and planning for re-use, recycling or final 
disposal from the early life cycle stage.

The main challenge is to deliver a product that responds to functionality, efficiency, aesthet-
ics and other requirements with low economic and environmental costs. The balance between 
the environmental cost and functional income is essential for sustainable development.

These concepts can be applied to construction industry, considering buildings as a complex 
system that is object of different levels of design. Considering the existing framework referred 
in this paper, the application of an eco-design approach to the development of sustainable 
construction products is not only possible but desirable, since it can contribute towards sus-
tainability, energy efficiency, economic competitiveness and an environmental-friendly 
building stock and cities.
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