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Resumo  

 

O processo de construção de edifícios exige que a temática da sustentabilidade faça parte 

integrante do método de projecto de arquitectura de modo a contribuir para o desenvolvimento 

sustentável. 

Na fase de projecto, o processo de tomada de decisões, implica a adopção de acções que 

influenciam o desempenho do edifício ao longo de todo o ciclo de vida. Contudo, a sustentabilidade 

não tem sido uma preocupação do arquitecto ao não incluir, no seu método, a implementação e 

avaliação de estratégias que integrem os princípios da sustentabilidade. Por outro lado, embora 

os Sistemas de Avaliação e Certificação da Sustentabilidade existentes sejam adequados para 

avaliar a componente da sustentabilidade de um edifício, estes não se mostram os mais adequados 

para dar suporte aos arquitetos durante o processo de concepção do edifício. 

Assim, o principal objetivo deste trabalho é a proposição de um conjunto de orientações 

que permitam auxiliar os arquitetos na introdução, implementação e avaliação dos princípios de 

sustentabilidade nas diferentes fases do método de projecto de arquitectura. A proposta aborda 

as principais estratégias que necessitam de ser consideradas em cada fase do projeto e define 

um nível de recomendação a cada orientação, permitindo ao arquitecto avaliar a implementação 

da sustentabilidade.  

Para validar a necessidade de criar o sistema proposto, foi realizado um inquérito a 217 

arquitetos e estudantes de arquitetura, tendo-se concluído que é importante a existência de uma 

ferramenta que auxilie os arquitetos na temática da sustentabilidade.  
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Abstract 

 

The process of building construction requires sustainability to form an integral part of the 

architectural design method in order to contribute to sustainable development . 

At the early stages of architectural design, the decision-making process involves the 

adoption of actions that influence the performance of the building  throughout its entire lifecycle. 

However, sustainability has not been a concern of the architect as their method does not include 

strategies that integrate the principles of sustainability.  On the other hand, although the existing 

Sustainability Assessment and Certification Systems are adequate to evaluate the sustainability 

component of a building, they do not prove to be the most appropriate framework to support 

architects during the design process. 

Thus, the main purpose of this work is to propose a set of guidelines that can assist 

architects in the introduction, implementation and evaluation of sustainability principles in the 

different phases of the architectural design method. The proposal addresses the main strategies 

that need to be considered in each phase of architectural design and defines a level of 

recommendation in each guideline which allows the architect to evaluate the implementation of 

sustainability.  

To validate the necessity of creating the proposed system, a survey was conducted on 217 

architects and architectural students. The results have concluded that it is important to have a tool 

that supports architects on sustainability issues.  
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Chapter 1 

 

Introduction  
 

1.1 Background 

 

Sustainability is introduced in the paradigm of architecture as a necessity that entails 

important modifications in designing methods for practitioners.  

Over the last decades, it has been substantiated that the excessive consumption of natural 

resources surpasses their replacement time. This scenario is not viable to maintain a balance 

between the needs of human activities and their adaptation to the environment to guarantee future 

conditions of enjoyment for the upcoming generations. 

 During the industrial revolution, the transition from craft production methods to new 

mechanized manufacturing processes based on the consumption of fossil fuels has led to greater 

efficiency and an increase in the volume of production. Since then, mankind has made use of 

natural resources as an unlimited way to fulfill its own needs.  

There was economic growth due to industrial development, and in the 1950s various 

populations moved to urban centers of industrialized countr ies to search for employment. 

Simultaneously, the advances in medicine allowed a reduction in the infant mortality rate which le d 

to a population increase. The combination of these phenomena contributed to the rise of industrial 

concentration for which cit ies were not adequately planned. Social problems emerged, and the 

1960s were characterized by the expansion of precarious and septic suburbs and social 

exploitation in the working class in all industrialized countries.  

Various events of the 20 th century, including the two World wars, gave rise to the need for 

urban expansion and consequently led to the development of the building construction sector. 

However, the demand to build fast and in high quantities led to negligence in the adaptation of 

buildings to the environment. The excessive consumption of energy, water, and other natural 

resources in the construction and operation of buildings was further escalated by lifestyle changes 

in society and an economic model based on consumption.  
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The construction sector has been playing a catalytic role in economic development due to 

its contributions to the Gross Domestic Product, Gross Fixed Capital formation, and employment 

(cit. in Erkelens, 2002). It is expected that the construction sector will continue to grow in the next 

years as housing demand increases globally (IEA, 2017). According to The Global Status Report 

2017, over the next 40 years, buildings sector floor area will double, adding more than 230 billion 

square meters in new construction (United Nations Environment and IEA, 2017). Considering this 

growth and, since the construction industry is responsible for the explo itation of 50% of the world's 

natural resources (Anink, Boonstra and Mak, 1996; Edwards and Hyett, 2004) , it is one of the 

sectors that could most contribute to the reduction of environmenta l impacts. 

Therefore it is important, as a global measure, to know how societies’ development models 

can maximise sustainablity in order to foster social, economic and technological progress with the 

efficient use of natural resources and energy. To achieve this goal it is necessary to change the 

current approach of architectural practice towards more sustainable strategies in building design. 

 

1.2 Objectives 
 

The main goal of this thesis is to develop an evaluation system in the form of guidelines 

that can assist architects in the implementation and evaluation of sustainability principles in the 

various phases of architectural design methods.  

The novelty of this approach is the combination of a synthesis of main strategies that 

guarantee the sustainability of the architectural proposal , with a structure and technical language 

adequate to architects' thinking processes. 

 

1.3 Thesis Outline and Methodology  

 
This thesis is outlined in seven chapters:  

 

Chapter 2 introduces key concepts and presents a historical context of sustainability 

issues, both globally and within the framework of architecture, to demonstrate the relevance of the 

theme under study. 

 

Chapter 3 focuses on the analysis of the current design methods and their planning theories 

to understand whether sustainability principles are currently recognized in architectural design 

methods. In this chapter, we also suggest an alternative model to the current architectural design 

methods, which considers sustainability an integral part of the design process . 

 

Chapter 4 presents a brief analysis of the advantages and disadvantages of Sustainability 

Assessment and Certification Systems and their contributions to the implementation of 
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sustainability principles in the architectural design process. From this analysis , key indicators of 

sustainability were selected. These indicators will inform the main strategies for the proposed 

guidelines. 

 

Chapter 5 focuses on the examination of all the phases of the architectural design method 

proposed in Chapter 3. This chapter details the main strategies to implement sustainability in the 

design process, which were inferred from the selected key indicators. It also outlines the structure 

and presents the proposed guidelines.  

 

Chapter 6 presents the analysis and discussion of results of the developed survey, which 

aims to support the decisions taken and to confirm the necessity of a system that assists architects 

on the implementation and evaluation of sustainable principles.  

 

Chapter 7 concludes the developed work and its achievements . Future developments are 

suggested.   

 

 In Figure 1.1 the thesis methodology is described.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 | Thesis Methodology. 
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Chapter 2 

 

State of Art 
 

2.1 Sustainability 

 

Sustainability derives from the Latin word sustinere (Onions, 1964), which implies 

lastingness, longevity, preservation and conservation.  

The term has been widely used in the past few decades to characterize the concept of 

sustainable development: a global development model that aims for an equilibrium between human 

activity and the preservation of natural resources and biodiversity. The principle of sustainable 

development emerged as a response to the general situation at the end of the 20th century, which 

was characterized by rapid industrial development and the considerable increase of the world 

population that led to an uncontrolled exploitation of natural resources.  

 The growing pattern of consumption of post-industrial society became unbearable for the 

planet, not only jeopardizing the human race itself but also leading to harmful impacts on the 

environment and biodiversity such as deforestation, desertification, ocean pollution and global 

warming. As early as 1896, the impact of greenhouse gases on the environment was predicted by 

chemist Svante Arrhenius who warned of global warming. However, industrialized countries 

embraced a consumer policy and levels of resource exploitation tended to increase, severely 

damaging global ecosystems. 

In 1962 biologist Rachel Carson published the book "Silent Spring", which accused the 

chemical industry of concealing the dangers of pesticides and exposed the lack of governmental 

regulation in the chemical industry. This book is considered one of the main catalysts for the surge 

of environmental movements that appeared in the second half of the last century.  

With awareness of environmental and social problems, there has been a demand for a 

global transformation of the development model that has been practiced.  Since the 1970s, a 

decade where various large oil spills occurred, a set of international political agendas have been 

proposed, calling for cooperation between nations and the various sectors of human activities . 

At the First United Nations Conference on the Human Environment  (United Nations, 1972), 

a new concept of eco-development emerged. The term, coined by Maurice Strong, described a 
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development model that considered the careful use of local resources without comprom ising their 

long-term viability. This perspective was pointed out as a preventive measure mostly suited for the  

development of rural areas in Third World countries, as these places were not yet completely 

dependent on fossil fuels. Maurice Strong also acknowledged that environmental protection could 

be compatible with economic development.  

This point of view was reinforced by the Brundtland Report which has become one of the 

most important reflections on sustainable development since it allied the need for economic growth 

to environmental and social issues. The Brundtland Report, also called  “Our Common Future” was 

released in 1987 by the World Commission on Environment and Development (WCED)  of United 

Nations and defined for the first time the concept of sustainable development as “(…) development 

that meets the needs of the present without compromising the ability of future generations to meet 

their own needs” (WCED, 1987, p.43). 

The interpretation of Brundtland's definition suggests that to acknowledge the sustainable 

component of a building, it is important to consider the environmental, social and economic 

dimensions of sustainability (see Figure 1.1). However, according to the current panorama, the 

construction sector still displays some inactivity in relation to the environmental problem.  

 

 According to the International Energy Agency (2017), the “average energy consumption 

per person in the global buildings sector remains practically unchanged since 1990” (IEA, 2017, 

p.54).  

Buildings and construction together account for 36% of global final energy use and 39% of 

energy-related carbon dioxide (CO2) emissions (if upstream power generation is included) (United 

Nations Environment and IEA, 2017). The impacts extend to the consumption of potable water, 

generation of solid waste and land use which makes it one of the sectors that most damages  the 

environment. In addition to this, an increase in population and house demand is expected, which 

will place further demands on our finite natural resources.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 | Environmental, social and economic dimensions of sustainable development. 

Source: Miguel Amado - Planeamento Urbano Sustentável, 2005. [adapted] 
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Between 1900 and 2000, the world population increased from 1.5 to 6.1 billion people in 

just 100 years (Roser and Ortiz-Ospina, 2017). According to the United Nations World Population 

Prospects: 2017 revision, elaborated by the United Nations, it is estimated that by 2050 the world 

population will be 9.8 billion people (Nations, 2018). Consequently, over 20% of all the buildings 

expected to be built by 2050 will be built in the next decade, and more than 50% of those building 

additions will occur in regions that currently do not have mandatory energy codes in place  (IEA, 

2017). It is also projected energy demand to approximately double and CO2 emissions to increase 

by 50–150% by 2050 (IPCC, 2014). To face this challenges, sustainable construction is a solution 

that emerges more urgently than ever considering the current consumption pattern. 

 

The concept of sustainable construction first appeared in 1994 during the First International 

Conference on Sustainable Construction in Tampa, Florida, where different approaches were 

communicated towards a definition of sustainable construction. At the conference, Charles Kibert 

presented the concept of greater consensus for the sustainable construction sector, defining it as 

"the creation and operation of a healthy built environment based on ecological principles and 

resource efficiency" (cit. in Kibert, 2007, p.595), considering soil, materials, energy and water as 

the most important resources for construction (Pinheiro, 2006). It is from these resources that 

Charles Kibert established the following principles for sustainable construction (Pinheiro, 2006): 

 

▪ Minimization of resource consumption; 

▪ Maximization of resource reuse; 

▪ Recycling materials at the end of the building's life and using recyclable res ources; 

▪ Protect natural systems and their function in all activities;  

▪ Eliminate toxic materials and by-products at all stages of the lifecycle;  

▪ Develop the quality of the built environment. 

 

Based on these principles, a new vision emerged to minimize the effects that the 

construction sector has on the consumption of non-renewable resources, energy and water. In this 

sense, strategies and processes that put this new construction concept into practice  were 

developed. 

The World Building Congress in 1998 was soon followed by the Agenda 21 for Sustainable 

Construction. This paper suggests a compromise between sustainable construction and local 

specifications of each country by establishing itself as an intermediary between existing  global 

agendas and local agendas needed in the construction sector (Sjostrom and Bakens, 1999). 

Agenda 21 for Sustainable Construction also recognizes the improvement of methods for assessing 

the environmental performance of buildings as one of the main strategies of achieving 

sustainability. 
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Throughout the development phases of the building (see Figure 1.2), from the design phase 

to the construction, operation and deconstruction of the building, often referred as the building 

lifecycle (Mateus and Bragança, 2004), sustainable construction presents multiple advantages: 

 

▪ has a positive impact on the environment through energy conservation, saving water and 

other resources, use of reusable, natural and local materials, reducing pollutant emissions, 

recycling lifecycle waste of the constructions and increasing building durability;  

▪ has positive social effects: guaranteeing users’ health and comfort through indoor air 

quality and acoustics comfort, as well as accessibility, security and preservation of cultural 

heritage; 

▪ provides economic benefits in the long-term.  

 

 

 

Figure 2.2 | Scheme of building’s life cycle. 

 

The role of sustainable construction is also reinforced by Sustainability Assessment and 

Certification Systems that allow estimations of the level of efficiency and sustainability achieved by 

improving the quality and performance of bui ldings. These systems evaluate environmental, 

economic and social dimensions of sustainability and are greatly increasing the attention towards 

sustainable assessment of buildings (Hastings and Wall, 2007; Berardi, 2011). BREEAM, LEED, 

CASBEE and SBTool are currently some of the most well-known rating systems in the world 

(Berardi, 2011). 

Even though sustainability assessment tools are valuable to verify if a building is 

sustainable, they are mostly developed to evaluate the construction after it is built and are not 

suitable to assist architects in building design because they do not approach specific solutions to 

guide practitioners (Ding, 2008; Teodoro, 2011; Kim et al., 2013; Markelj et al., 2014). Also, the 

possibility to reduce negative impacts of a building is greater in the design phase since it is when 

“approximately 80% of the building consumption is defined ” (cit. in Amado et al., 2015, p.70).  

Since the decisions made during the design phase will influence the building’s 

performance throughout the rest of its lifecycle, it  is important that architects consider 

sustainability principles during the design process. This is possible through the link ed and weighted 

implementation of passive design strategies over active design strategies.  

Passive design strategies use the advantages of climatic conditions and environmental 

context to improve indoor comfort conditions in buildings, while active design strategies require 

mechanical devices with associated energy consumptions.  

Over the years many architects have proven the effects  of passive measures in building 

design by the introduction of techniques which are in a complete symbiosis with the environment 

and are concordant with the strategies of sustainability discussed in this thesis . 

Construction Project Operation Deconstruction 



 

9 

 

2.2 Sustainability in Architectural Design   

 
The two buildings illustrated on this page were both designed in the same decade and in 

similar climates, but they clearly show two distant approaches to the local context. Figure 2.1 

shows Frank Lloyd Wright’s (1867-1959) Solar Hemicycle House designed in 1944 in Wisconsin, 

United States; Figure 2.2 shows Mies Van der Rohe’s (1886-1969) Farnsworth House designed in 

1946 in Illinois, United States. Wright’s design provided a sheltering solid earth berm on the north 

side and a large glass façade facing south (Olgyay, 2015). During the winter, the sun shines into 

the living areas and, in summer, because the sun is higher in the sky, the broad overhang of the 

roof keeps the windows in shadow. M ies’ design, on the other hand, consisted of a steel structure 

and large areas of glass wall without any external shading devices. Although the Farnsworth House 

is considered a notable representation of the International Style and s implicity of the modern 

movement, it was seen as austere for living and soon proved to have energy efficien cy problems.  

Each of these buildings reveals a different interpretation of the modern movement. Mies 

Van der Rohe, like many other architects, tried to capture the abstractive, rational image of the 

modern movement through an artistic expression of formal  and structural issues. In the same 

perspective, various architects embraced the paradigm of the machine while proposing a universal 

style. But the standardization of architecture led to the neglection of the factual place and climatic 

needs, interpreting nature as a simple background (Mourão and Pedro, 2012). Although the 

International Style was not completely dominant, it was the norm.  

Frank Lloyd Wright takes a different strategy and considers a dialog between nature and 

his architecture through an intuitive and organic approach. He establishes a connection between 

the ideologies of modern movement and principles of vernacular architect ure.  In fact, many 

buildings by architects such as Le Corbusier  (1887-1965), inspired by the native architecture of 

Africa and Greece, or Alvar Aalto (1898-1976), whose designs reveal an intrinsic regional 

sensitivity; often resemble vernacular architecture in the way they adapt to the environment (Jones, 

1998).  

 

  

 

 

 

 

 

 

 

 

 

Figure 2.3 | Solar Hemicycle House, Wisconsin, US, 

by Frank Lloyd Wright (1944).  

Source: Victor Olgyay - Design with Climate, 2015 [1963].  

Figure 2.4 | Farnsworth House, Illinois, US, by Mies 

Van der Rohe (1946)  

Source: (https://www.plataformaarquitectura.cl)  
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The values of vernacular architecture are often associated with sustainable principles via 

the fact that constructions are completely adapted to the local climate and topographic context. 

Since architecture has emerged as a necessity to protect the human being from extreme weather, 

ancient centers of settlements demonstrate an intrinsic sensitiv ity in their adaptation to the local 

context with the use of native materials, optimal building orientation, sun-control, natural ventilation 

and thermal capacity, among other passive solutions of bioclimatic design.  

However, after the industrial revolution, new technologies, materials and components (e.g. 

plastics, insulation materials, glass and fiber optics) were developed to increase the internal 

comfort of buildings. And, as constructional systems (e.g. HVAC, lighting, plumbing) became more 

and more specialized, they also became more independent from the creative process, requiring 

specialized technicians to plan. With the possibility to install these systems after the building ’s 

construction, it was easier to spread the ideals of a universal architecture without having to 

consider the environmental context of buildings.  

Along with demographic migration, a worldwide building boom and demand for comfort, 

among other factors, new technologies overtook passive construction solutions and led to the 

exponential growth of natural resources’ consumption , which in turn intensified environmental 

issues. Thus there is the need to reconcile the climate context with new technologies, ensuring the 

levels of comfort expected of post-industrial societies.  

Issues such as shading, solar access, natural ventilation and the relationship with outside 

spaces were already approached by modernist pioneers that integrated bioclimatic principles into 

their architecture process. Frank Lloyd Wright, for example, strongly influenced Bruce Goff (1904-

82) and Imre Makoveckz (b.1935); Le Corbusier influenced Balkrishna Doshi (b.1927), Kisho 

Kurokawa (1937-2007) and many others; Alvar Aalto was a great influence on the diffusion of 

Modernist Scandinavian Architecture and demonstrated the ability to control the access of natural 

light for visual comfort in indoor spaces. 

One of the figures that most contributed to the development of a global consciousness was 

Buckminster Fuller (1895-1983). He was a multidisciplinary visionary and author of various mold -

breaking projects such as the Geodesic Dome or Dymaxion House/Car that made him an early 

pioneer of sustainable design and renewable energies. In the prototype of the Dymaxion House, 

first developed in 1928, Fuller intended to build an autonomous house that would include a 

convection-driven ventilator built on the roof, water storage, packaging toilet and a grey-water 

reuse system.  

Other experiments that integrated technological innovations with passive solutions was The 

House of Tomorrow, designed by the architect George Keck (1895-1980) for the 1933 Century of 

Progress International Exposition in Chicago. While designing this house, Keck realized the 

advantages of passive solar heating which he and his brother, would later explore in their following 

projects. 
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 The motivation towards what is today recognized as an architecture compatible with 

principles of sustainability only intensified after World war II, which coincided with the emergence 

of ecological movements. During this time, various architectural magazines like House Beautiful 

and Architectural Forum devoted several issues to environmental problems and passive design. 

These were supported by many publications from the Olgyay brothers, pioneers of bioclimatic 

architecture who understood the psychology of the user as well as social and environmental needs. 

They created a theoretical framework reframing passive solar design within the field of architecture. 

The earliest experiments in passive solar design were also developed by Professor Felix Trombe in 

France and Steve Baer, Donald Watson, David Wright and Doug Kelbaugh in the United States 

(Jones, 1998). 

Passive design was also considered a valuable solution for the development model of Third 

World countries which, through the adoption of new construction mechanisms, could build 

autonomous or self-sufficient buildings. Architects such as Hassan Fathy and Laurie Baker 

embraced the material and climatic logic of vernacular architecture to design buildings for poor 

people who had limited capital for construction and operating costs (Baweja, 2018). In the 1970s, 

Hassan Fathy published Architecture for the Poor, criticizing the unifying notion of modernist 

architecture that assumed all countries could embrace one style. 

The drive to create autonomous buildings also grew in developed countries where 

technology was used as an asset to explore the ephemeral and regenerative capacity of structures. 

These experiences would later be pursued by Richard Rogers, Norman Foster, Nicholas Grimshaw 

and others. Many of these designs incorporate bioclimatic principles with advanced technology in 

constructions to achieve a low-energy design. 

Concepts related to low-energy building design are being widely researched and di ffused, 

but there is still a lack of interest by practitioners, mainly due to the high initial costs required. And, 

although energy efficiency is still a concern, many other important requirements have been 

neglected, such as embodied energy1, water efficiency, recyclability of materials and treatment of 

waste (Jones, 1998). 

 

 As social, economic and technical considerations are inherent to the design process, 

environmentally conscious building design should also be an important requirement to be 

considered. The selection of the building site and the consequent analysis of climatic factors form 

the basis for developing a deductive and rational process that will guarantee sustainability 

principles. These principles include hydrothermal comfort, energy efficiency, the use of eco-

efficient materials, the preservation of resource, rational water planning and so on. 

 

 

1 Embodied energy is the “energy consumed in the manufacture and delivery of materials and 

components”(Jones, 1998, p.13).  
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Out of the different phases of the construction process, the design phase is the most 

important to guarantee building sustainability. In this first phase, different solutions that will 

condition the remaining lifecycle of the building are considered. They will be crucial in the 

optimization of the construction process and the achievement of a more efficient performance.  

In this sense, it is left to architects to consider a holistic approach to design, taking 

advantage of existing research and works from architects who proved that sustainable design  is 

achievable. 
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Chapter 3 

 

Architectural Design Method 
 

The aim of implementing sustainability in architecture is to achieve a lasting, healthy and 

symbiotic relationship between men activities and the environment through architecture. To this 

end, sustainable principles need to be consciously integrated into the architectural design method 

to set a solid and coherent foundation for sustainability throughout the remaining lifecycle of the 

building. 

For a better understanding of this chapter , it is important to clarify the difference between 

the terms design method and design methodology. The term design method refers to an orderly 

arrangement of procedures and techniques of design to accomplish a specific goal (Morris, 1973). 

Design methodology is the study of the design method; it is a detailed and rigorous explanation of 

all the procedures and techniques developed in the design method  (Morris, 1973). This chapter 

will not focus on the methodologies but on the method. Its purpose is not a detailed description of 

all the operations used in the various phases of the design process, but a review of different 

approaches to the overall process. 

 

3.1 Theoretical Framework 

3.1.1    Introduction 

 

In the field of architecture, there is a lack of a body of theory to support the study of 

architectural design methods (Bay and Ong, 2006; Plowright, 2014). Thus, in order to understand 

the evolution of these methods and how is possible their adaptation to the requirements of the 

present and the needs of the future, it is important to study, review and reinterpret concepts from 

other fields of study – namely the general field of planning, the design methods movements and 

urban planning schools. 

  Two main concepts that can be extracted from planning theories to understand the 

dimensions of design methods are the procedural and substantive theories. The procedural theory 

is the study of the process of planning, it is focused on the means of planning and not the ends. 
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The substantive theory is concerned with explaining the essence of teleological action which 

means that it is concerned with the body of knowledge of the sub ject (Faludi, 1973). 

  If the design method is understood as having two dimensions – the methodology and the 

content of the methodology – then the procedural theory is concerned with its methodology , since 

it deals with the procedures and techniques employed in the planning activity ; the substantive 

theory is concerned with its content, the nature of the phenomena referenced in the context of 

study. In theory, these two dimensions can be explained in isolation. However, when it comes to 

practice, they cannot be disassociated since it is impossible to practice a methodology without 

content. 

  However, these theories are often understood as opposite concepts and there is little 

consensus on their interpretation. This may be because, when the Design Methods Movement 

emerged in the 1960s to formalize a field of study and form a research  community around design 

methods, many of the developed methods were abstract plans of action. As a result, design 

methods have been evolving with an emphasis on one theory or the other. 

 

3.1.2    Evolution of Design Methods and Planning Theories  

 

The acknowledgement of design methods is very recent. Until the second half of the 21 st 

century, the design work was mainly carried out by one individual, the artist, whose design process 

was craft-based and supported by a set of rules and techniques stipulated on his own mind or 

specified in drawings. Usually, the design process was not visible to anyone but the designer and, 

in some situations, even the designer himself was not able to identify the rationale behind every 

step of the process (Jones, 1980).  

The study of design methods began rigorously after the second World war. During this 

period, the need to conduct large and complex systems that demanded fast assimilation and 

execution exposed the limitations of the conventional design methods. In response, a group of 

researchers initiated a study on design methods, attempting to create an independent discipline 

concerned with the study of the method and developing design methodologies  (Bayazit, 2004). 

The result of these studies was the emergence of the Design Methods Movement in the 1960s, 

which brought forth a systematic and rational approach to design.  

After the Conference on Design Methods held in London in 1962, a form of rationalist 

foundation borrowed from the scientific method, previously discussed by Descartes (1637) and 

later supported by architects such as Laugier (1753) and Viollet-Le-Duc (1875), was implemented 

in design methods (Viollet-Le-Duc, 1875; Descartes, 2010; Plowright, 2014). As a result, these 

new design methods proposed a logic process of analysis and synthesis to formulate c onclusions 

by decomposing and composing a problem through a series of steps. This form of rational thinking 

suggested that the design process did not merely rely on empiric decision-making, but on a 

logically ordered and structured methodology.  
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The first generation of the Design Methods Movement approached the design process  as 

a way to produce “rational criteria of decision making, and trying to optimize decisions” (Bayazit, 

2004, p.19). Although some of these methods contributed to major advances in fields like 

cybernetics, they proved to be overly rational and linear for fields like architecture. These methods 

were criticized for not considering the sociocultural realities duri ng the design process and some 

of the resulting proposals were later rejected by two of the earlier pioneers of the movement, John 

Christopher Jones and Christopher Alexander (Rittel and Webber, 1973; Buchanan, 1992). 

The lack of practical relevance in the first proposals called for a new generation of design 

methods recognized by Horst Rittel in the late 1960s. Rittel coined the term wicked problems to 

describe the ill-defined problems of planning that depended on their context  (Churchman, 1967; 

Rittel and Webber, 1973; Buchanan, 1992). Considering a substantive approach, the second 

generation of researchers directed their focus towards an argumentative and participatory process 

in which designers discussed the problems with clients, the community  or users as a way to 

determine priorities. The design methodologies also became more flexible by suggesting an 

interaction between the different stages of the design methods. 

 

From both generations of design methods, Hudson et al. (1979); Næss, (1994) and 

Moughtin et al. (1999) identify the following normative models currently used in urban planning, as 

some of the most important: Synoptic or Rational Comprehensive, Incremental, Transactive and 

Advocatory. 

The Synoptic and the Incremental models are derived from the rational planning model, 

which considers a multi-step approach to the design process for logically made decisions.  

 

Synoptic model: focuses on a rational sequence of various stages, allowing multiple iterations and 

feedback loops. This process can be prescribed by the following sequence: “problem analysis, 

target definition, search for alternatives, analysis of consequences, comparison of alternatives”  

(Næss, 1994).  

Hudson et al. (1979), noted that the remarkability of this model is in its simplicity and 

capacity for great methodological refinement. However, this method also implies the analy sis of all 

rational alternatives available for decision-making which, in practice, makes it rather limited 

considering the broad range of possibilities of real-world use. In addition, the model does not 

display a social and environmental focus for decision-making.  

 

Incremental model: proposes a gradual approach to decision-making in the design process as an 

answer to the impossibility of engaging in a comprehensive analysis of all possible solutions to a 

problem. According to this theory, it is desirable a short-term planning with the “means available 

and the degree of agreement among key decision makers” (Moughtin et al., 1999, p.9) since the 

longer the time scale, the greater the uncertainty.  
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Although the incremental theory may suggest an immediate response to present needs 

without establishing time horizons for future generations, which contradicts the aim of sustainability 

(Næss, 1994), the recent example of the Incremental House by architects including Balkrishna 

Doshi and Alejandro Aravena has proved that this model can be adapted to implement 

sustainability in architectural design methods. However, this model is very much focused on solving 

social problems rather than guaranteeing the implementation of environmental solutions. 

 

Both the Transactive and Advocatory models, developed in the second generation of the 

Design Methods Movement, propose the engagement of the community and stakeholders in the 

design process.  

 

Transactive model: suggests a decentralized service with public participation as the central goal. 

This model encourages an interpersonal dialog between those affected by planning and gives the 

population more control over the social processes that impact their wellbeing.  

 

Advocatory model: proposes that planners become spokespersons for various groups in society, 

privileging minority groups. This model emphasizes the social and political components in decision-

making, allowing all the involved parties, especially underprivileged and underrepresented groups 

in society, to be heard and to be informed about alternative options.  

 

These theories, transactive and advocatory, suggest a participatory process as a central 

focus of decision-making, which has shown to be beneficial regarding civil and political rights.  

In architecture, the  application of such models can be seen in projects like the National 

lodging of São Pedro in Cidade Velha, Cape Verde, designed by Siza Vieira (2005), or in the 

process SAAL (in Portuguese: Serviço Ambulatório de Apoio Local, meaning Local Support 

Ambulatory Service) in Portugal (1974-1976), where architects worked in direct collaboration with 

communities as a mean to contemplate inclusivity in the architectural design process.  

Both models may contribute to increasing local awareness, which can be beneficial to the 

promotion of sustainable development. Furthermore, among all the presented models, the 

transactive and the advocatory are among the ones that reveal the greatest potential to create 

positive impacts on the environment at a local level. However, both have their shortcomings as 

well. While the transactive model is more questionable on how well-suited it is to take care of 

environmental and resource concerns at a global level, the advocatory model may lack attention 

when regarding a fair distribution of benefits (Næss, 1994; Moughtin et al., 1999). 

 

Regardless, within the field of existing planning models, the scientific method is probably 

the most dominant one among architects.  
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Scientific method: involves a step-by-step process that includes observation and experience 

acquisition to formulate a hypothesis, followed by the evaluation of the hypothesis and empirical 

based decisions.   

This model introduces the advantage of accumulated knowledge and experience for 

proposing alternatives to a decision-making process. Since knowledge continuously changes  over 

time, this model is interactive and adaptable , revealing potential to integrate sustainability issues  

(Amado, 2005). However, it would require awareness among architects to recognize the urgency 

of implementing sustainability within the architectural design process.  

 

Table 3.1, adapted from the work of Næss (1994) to  fit the scope of architecture, compares 

the reviewed theoretical planning models regarding their relation to the promotion of sustainable 

development in architecture. It can be concluded that, although the models may contribute to the 

implementation of some strategies that promote sustainability, none of t hem reflect a direct 

tendency towards the aims of sustainable development. This in turn suggests that there is the need 

to contemplate a new planning model, integrable in the architectural design method, that adheres 

to the framework of all the principles of sustainable development. 

 

Table 3.1| Schematic overview of various planning theories. 

 

 

 

 

 

Global/national 

environmental 

and resource 

concerns  

Local 

Environmental 

concerns  

Fair 

distribution of 

benefits 

Respect for 

human, political 

and civil rights 

Potential for 

change of 

societal frame 

conditions 

Synoptic (+) (-) (+) (-) X 

Incremental - - - (+) (+) 

Transactive (-) (+) (+) + + 

Advocatory X + (-) + + 

Scientific  (+) (+) (-) X (+) 

 

+ usually well suited 

 (+) may be suited under certain conditions 

X no evidence 

(-) may cause negative effects 

 - usually has negative effects  

 

Source: Petter Næss - Normative Planning Theory and Sustainable Development, 1994. [adapted] 
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3.2 Architectural Design Method for Sustainability  

 

The evolution of design methods and planning theories previously discussed reveals that 

there is the need for a more current planning model that is simple to apply, and that integrates 

sustainable principles. As concluded above, although their contributions should not be 

disregarded, the reviewed models are outdated and unsuitable to answer the current and future 

needs of development.  

A new planning model that can theoretically support architectural design methods should 

be flexible and adaptable to societal changes. In relation to the substantive scope of des ign 

methods, the transactive model presents some advantages since it proposes a communicative 

approach between all the stakeholders and communities. This promotes the fair distribution of 

benefits, ensures respect for human, political and civil rights, and endorses positive change in 

current societal frame conditions. A communicative planning approach is also practical to deal 

with the growing complexity of information.   

One of the main shortcomings in the reviewed models is the lack of importance given to 

the implementation of sustainability principles in the design methods. In this regard, the scientific 

method may confer some advantages to the procedural scope of architectural methods, since it 

allows the possibility to reformulate the hypothesis within its methodology, providing flexibility and 

interactivity.  

 

Figure 3.1 shows a diagram of the architectural design method proposed by Markus and 

Marver, revised by Lawson (2005). This diagram was adapted to complement four phases of the 

architectural design: program definition, feasibility study, preliminary design and detail design. 

Each of these phases is then implemented by a process of decision-making which involves: 

analysis, synthesis, evaluation and decision (Moughtin et al., 1999, p.6; Amado, 2005, p.32; 

Lawson, 2005, p.27).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. 1 | Architectural Design Method. 
 

Source: Bryan Lawson – How Designers Think: The Design Process Demysti fied, 2005 [1980]. [adapted] 
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Analysis involves exploring and structuring available information while synthesis consists 

of generating hypothesis. In the process of decision-making, the analysis and synthesis stages 

assume a theoretical and conceptual value which means that it is in these phases that the 

integration of sustainability principles should be considered.  

The evaluation phase consists of a critical judgment of the proposed hypothesis against 

the objectives identified in the analysis phase. This phase allows for the reformulation of objectives 

and redirection of the hypothesis, shifting them towards the promotion of sustainability. The n the 

evaluation is appropriate to assess the sustainable efficiency of the proposal. However, this 

assessment should have a theoretical-based system to ensure the feasibility of weighted 

hypotheses given the complexity of the information involved in  architectural design. 

Decisions are then made depending on the conclusions reached in the evaluation phase. 

According to figure 3.1, the process of decision-making stops in the decision phase. However, 

Lawson (2005) suggests that in order for the method to be interactive, as opposed to a linear 

process, return loops between all the stages are fundamental. These return loops allow the 

hypothesis to be reformulated as many times as necessary until the decision is consistent with the 

initial objectives.  

Figure 3.2 presents the decision-making process diagram adapted to achieve an integrated 

design process that considers the goals of sustainable development. This diagram shows that 

sustainability should be contemplated throughout each step of the decision-making process. The 

stages of analysis and synthesis provide viable design options which can be formalized by the 

adoption of passive design strategies and active design strategies that validate the integration of 

sustainability principles in architecture. 

The evaluation phase however, is often unconsidered or devalued by architects who 

prioritize empirical evaluations due to the lack of a system that supports the validation of 

sustainability parameters in the architectural design phase (Bay and Ong, 2006). This gap 

indicates that there is the need for a sustainability tool suitable for architectural design which will 

assist architects in the implementation and evaluation of sustainable principles.  

 

 

 

 

 

 

 

 

 

Figure 3. 2 | Decision-making process to implement sustainability. 

Source: Bryan Lawson – How Designers Think: The Design Process Demystified, 2005 [1980] . [adapted] 
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3.3 Summary 

 

The current theories and planning models are no longer suitable to support architectural 

design methods since they do not aim to provide prosperity for present and future generations. 

Consequently, it is necessary to resort to a new model of design methods that focuses on solving 

the social and environmental problems while considering the growing pace of development of the 

current century. Architectural design methods require a simpler, flexible and inclusive planning 

model that provides a connection with the objectives of sustainable development and therefore 

anticipates the long-term effects of constructions in the environment.  

 To this end, both substantive and procedural dimensions of the design methods should be 

considered. This means that the substantive dimension, which is responsible for the method’s 

contents, should include considerations towards sustainability; and the procedural dimension, 

responsible for the methodology, should optimize the sequence of actions during the design 

process. This results in a cumulative method, substantive and procedural, which in its genesis 

incorporates the parameters of sustainability.  

Specifically, the phases of analysis and synthesis should be responsible for the 

implementation of sustainability principles, while the evaluation phase should validate the 

conformity of the hypotheses with the established principles.  

The evaluation phase is often empirical or non-existent among architects, which exposes 

the lack of a systemic assessment method with a theoretical basis that can guide architects during 

the assessment phase.  
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Chapter 4 

 

Key Indicators of Sustainability in 

Architectural Design 
 

Implementing solutions that are concordant with sustainability principles in the early stages 

of the design process guarantees more coherent and optimal results that are compatible with 

sustainable development. 

To measure the sustainability of the implemented solutions, key indicators must be 

identified. These indicators ensure that all principles and components of sustainability were 

systematically considered in the design process within the framework of sustainable development. 

Understanding Sustainability Assessment and Certification Systems can contribute to the 

identification of suitable sustainability indicators for the decision-making process during the design 

phase.  

 

4.1 Sustainability Assessment and Certification Systems  

 

Sustainability Assessment and Certification Systems are technical instruments that identify, 

predict and evaluate the environmental impact of buildings and then assign a level of certification 

related to the accomplishment of sustainability principles (Berardi, 2011; Bernardi et al., 2017).  

The assessment aims to recognize constructions that contribute to a sustainable future, 

considering not only economic, environmental and social  dimensions, but also cultural and value-

based elements (Sala, Ciuffo and Nijkamp, 2015). 

The assessment also aims to ensure sustainability throughout the entire lifecycle of 

buildings by evaluating the impacts caused by the construction activity that occurs from the design 

phase throughout the construction and operation phase, ending in demolition. Each phase causes 

varying degrees of environmental impact, most of which can be determined at the design phase 

(Ding, 2008; Bragança, Vieira and Andrade, 2014; Amado et al., 2015). 

Since the late 1980s, the evaluation of several construction projects has been 

systematically carried out based on sustainability criteria. This came after the discovery of projects 
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in several countries that showed higher energy consumption after being built than current solutions 

(Silva, 2012).   

The formalization of environmental assessment systems for buildings began in Europe , in 

1990, with the development of the system BREEAM (Building Research Establishment 

Environmental Assessment Method) in the United Kingdom. Nowadays other countries have also 

created their own evaluation system, such as the United States, Japan, France, Portugal, Australia, 

among others (Pinheiro, 2006). 

Besides BREEAM, some of the most relevant systems developed in the different countries 

of the world are BEPAC (Building Environmental Performance Assessment Criteria) developed by 

Canada, CASBEE (Comprehensive Assessment System for Building Environmental Efficiency) 

developed by Japan, GBC (Green Building Challenge) initially developed by Canada and 

subsequently by an international consortium, HQE (Haute Qualité Environnementale) developed 

by France, LEED (Leadership in Energy and Environmental Design) developed by the United States 

of America, LiderA (Sistema Voluntário para Avaliação da Construção Sustentável) developed by 

Portugal and NABERS (National Australian Buildings Environmental Rating Sy stem) developed by 

Australia.  

 

4.1.1 Advantages 

 

Sustainability assessment and certification systems have multiple advantages for the 

implementation of sustainability in the construction industry. They: 

 

▪ permit the distinction between buildings that are concordant with strategies to implement 

sustainability and buildings that have a negative impact on society and the environment  

through official certification (Cole, 2005); 

 

▪ encourage the introduction of sustainability principles throughout the entire lifecycle of 

buildings and consequently improve their performance (Seo et al., 2006); 

 

▪ consider multiple indicators and parameters of sustainability ; 

 

▪ indirectly contribute to the accomplishment of positive environmental impacts  and 

encourages a healthy and comfortable indoor environment; 

 

▪ are largely based on local legislation which provide more detailed knowledge of the 

problems of the locality in question. This characteristic also ensures an improvement in 

environmental conditions at the global level (Silva, 2012). 
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4.1.2 Disadvantages  

 

The integration of sustainability assessment and certification systems may involve some 

disadvantages to supporting decision-making during the architectural design process (Ding, 2008; 

Markelj et al., 2014), namely the following in particular: 

▪ they are not adapted for an independent use by the architects since some parameters 

require specific knowledge of an expert consultant (Kim et al., 2013; Markelj et al., 2014); 

 

▪ they do not consider the phases of the architectural design process since the assessment 

systems are developed for an overall evaluation of the result;  

 

▪ the long and demanding process of generating data and interpret results (Kim et al., 2013); 

 

▪ the simulation tools may not be easy to use because of complex requirements for criteria 

fulfillment (Petersen and Svendsen, 2010; Kim et al., 2013, Markelj et al., 2014); 

 

▪ they can be unsuitable for use in other environments (Markelj et al., 2014); 

 

▪ their use entails additional cost (cit. in Ding, 2008; Markelj et al., 2014). 

 

4.1.3 Contributions for Architectural Design   

 

Ultimately, Sustainability Assessment and Certification Systems may not be completely 

suitable to support architects in the implementation and evaluation of design solutions since these 

systems “are not originally designed to serve as design guidelines” (Ding, 2008, p.456). However, 

in order to develop a tool that addresses sustainability parameters in a technical sense within the 

framework of architecture it is possible to rely on these assessment systems to identify key 

indicators that can measure the sustainability of various solutions.  

The evaluation of most of these systems is based on the attribution of credits or points 

when certain parameters are met. These parameters are organized by categories and vary 

according to the assessment system. Each category is given a specific weight according to its 

importance in relation to the level of sustainability in construction. The sum of the various scores 

attributed to each category results in a graded classification for the sustainable performance of 

the building. 

According to various studies (Lucas, 2010; Silva, 2012; Bernardi et al., 2017) that compare 

the different assessment and certification systems, the categories that present the highest weights 

are the environmental loading, internal environment, external environmental impact and resources. 
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In general, the areas most linked to the environmental component are more relevant compared to 

socioeconomic and political factors, planning and innovation. 

The weightings of the systems are determined according to the degree of importance 

assigned to each of the categories of evaluation, and these are directly related to the situations of 

each country (Amado, Lucas and Ribeiro, 2013). Among the several systems, the energy efficiency 

requirement is consistently assigned a higher value as it is recognized as one of the most urgent 

needs. Great importance is also given to the nature of the materials, conservation of potable water 

and to parameters related to indoor environmental comfort such as visual, thermal and acoustic 

comfort as well as indoor air quality. To ensure that a project is sustainable it is appropriate to 

integrate these and other parameters into the architectural design method. However, they must be 

adapted to the thinking process in architectural design.  

For the architect, it is important to consider the object, form and function, as well as the 

creation of spaces designed for the comfort, health and wellbeing of the users. Also, the building 

must be in “harmony with human perceptions – in the way it looks, sounds, smells and feels”; and 

must be capable of being adjusted to suit new activities and different uses (Voordt and Wegen, 

2005, p.170). With this as a basis, the following five key sustainability indicators were selected: 

energy efficiency, potable water conservation, indoor air quality, acoustic comfort and project 

durability.  

These indicators cover important areas of sustainability regarding environmental loads, 

natural resources, indoor environmental quality and durability. From these indicators, other 

sustainable parameters can be indirectly determined (see Table 4.1). For example, a strategy that 

can be used for energy efficiency is: distribute space according to the function and number of 

occupants to avoid unoccupied spaces or areas greater than required. This not only prevents heat 

and light dissipation, improving users thermal and visual comfort and reducing energy costs, but 

also reduces land use and soil impermeabilization.  

 

Table 4.1| Sustainability parameters determined from the key indicators. 
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4.2 Key Indicators of Sustainability  

 

4.2.1 Energy Efficiency 
 

In developed countries, there is a great reliance on electrical systems to maintain  current 

lifestyles. In 2015, 82% of final energy consumption in buildings was supplied by fossil fuels, 

including primary energy input for power generation (but excluding traditional use of biomass) 

(United Nations Environment and IEA, 2017). This highlights the substantial dependence of 

buildings on these sources, which not only increases energy operation costs but also causes 

significant environmental impacts.  

As a solution, it is possible to adopt effective measures during the architectural design 

process to optimize and contribute to the energy efficiency of buildings. Many of these measures 

correspond to the adoption of passive solutions in the different design phases, for example: the 

correct orientation of the building and adequate layout of interior divisions according to bioclimatic 

design, the assurance of suitable levels of daylight indoors to avoid the necessity for artificial light 

during the day, and the choice of adequate materials to prevent heat transfer, among st others.  

In buildings that demand higher energy requirements, it might be necessary to implement 

active solutions in addition to passive design.  Here local production of renewable energy such as 

"Photovoltaic (PV)", "Wind", "Geothermal" and "Biomass" should be one of the first priorities.  

Energy efficient solutions are beneficial in both the short and long term as they mitigate 

resource consumption, reduce operating costs, ensure indoor thermal comfort, improve wellbeing 

and health of occupants, and satisfy the energy needs of users. 

 

4.2.2 Potable Water Conservation 

 

Water is necessary for the maintenance of life and currently nearly half the global 

population lives in areas that experience water scarcity for at least one month per year. It is 

expected that water stress will increase significantly to affect around 4.8–5.7 billion people 

worldwide by 2050 (Burek et al., 2016). These estimations demonstrate the need to conserve 

water, which has become more important than ever – especially due to the consequences of 

climate change and population growth.  

According to the United Nations Environment Program, the construction industry consumes 

a global average of 30% of fresh water  over the entire lifecycle of a building (cit. in Bardhan, 2011). 

This consumption is most significant during the construction and operation phases and, accounting 

for the fact that a considerable amount of water consumption depends on occupants’ water 

management habits, some responsibility falls upon the architect to encourage good practices by 

implementing conscious solutions to reduce potable water consumption. These solutions consist 
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of simple procedures such as the optimization of water-related equipment (e.g. toilets, taps, 

nozzles) with controlled flow rates (L/min) and the selection of water efficient appliances with 

reduced water consumptions (e.g. dishwashers, washing machines), as well as water recycling or 

rainwater harvesting.  

The implementation of water efficient strategies is of extreme importance and can be highly 

effective. The mere act of implementing a wastewater or rainwater treatment in buildings can 

reduce potable water demand by 50% (Schuetze and Santiago-Fandiño, 2013). The fruits of these 

reductions are reflected in both environmental benefits and financial savings. 

 

4.2.3 Indoor Air Quality 

 

People spend, on average, 90% of their time indoors ( in housing, work, schools, 

commercial spaces and others) (Franchi et al., 2006). This suggests that the indoor environment 

strongly influences the health and wellbeing of building occupants. In recent decades there has 

been growing concerns from health institutions and organizations in relation to poor indoor air 

quality since it has been linked to various health concerns. 

Poor air quality can be associated with outdoor or indoor contaminants. Outdoor 

contaminants mainly come from traffic and industry pollutants, especially in urban areas. These 

can enter directly through building openings or infiltrate via HVAC systems that are not maintained 

properly. Indoor contaminants can come from combustion sources such as burning fuels, wood or 

even tobacco, emissions from building materials and furnishings, humidification devices and 

electronic equipment, among others (Cincinelli and Martellini, 2017). 

 Aside from building occupants’ behavior and health conditions, architects’ decisions can 

also greatly influence indoor air quality by improving the design of the buildings’ envelope and 

choosing appropriate materials and equipment. Improvements can include separating areas with 

special air quality needs such as bathrooms or kitchens from the rest of the spaces, promoting air 

ventilation and encouraging the application of materials that do not contain toxic components. 

These and other solutions also affect the comfort of users, which should be considered when 

determining the adequate ambient temperature and ventilation of spaces. 

 

4.2.4 Acoustic Comfort 

 

Sound is pervasive in everyday life, especially in urban areas where intense noises are 

more frequent and more likely to disturb the comfort of building occupants.  Although acoustic 

comfort is recognized as an important parameter, research indicates that it is not considered a 

priority in building design (Al horr et al., 2016).Exposure to constant noises can increase acoustic 

distraction, impacting users’ productivity, particularly in working spaces (Sundstrom et al., 1994; 
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Wyon, 1996). Noise is also related to occupants’ health and wellbeing since it  can cause 

annoyance, stress or tension; it has even been associated with chronic diseases such as 

hypertension or cardiovascular diseases (Passchier-Vermeer and Passchier, 2000). 

Noise can come from outdoor or indoor sources. Usually, in outdoor sources, sound travels 

through air and the most dominant factor in building design to prevent possible disturbances from 

these sources is the building location. Outdoor sources mainly come from the building’s proximity 

to high-traffic roads, airports, industries, construction, public work or neighborhood disturbance s. 

Indoor noise can originate from impact noise, due to steps on upper floors, for example; and 

background noise due to HVAC systems, computers cooling fans , ringing phones and 

conversations in adjacent spaces, among others.  

Even though reactions to noise vary from person to person, buildings need to be designed 

to guarantee an acoustic environment suitable for different functions or activities performed inside 

the building. Therefore, to overcome noise disturbances, architects should consider the 

appropriate geometry of spaces. The design should incorporate sound control measures such as 

the application of sound absorbent finishing materials, airborne and impact sound insulation or the 

creation of a vegetation barrier.  

 

4.2.5 Durability  

 

The average lifespan of a common building type such as residential or commercial buildings 

is 50 years, and this number might be even shorter for modern buildings (Kestner and Webster, 

2010). The short lifetime of a building is frequently related to the ineffectiveness of the structural 

system. However, according to a study by The Athena Institute (2004) , the main reasons for lower 

longevity is main ly due to area redevelopment, gradual destruction of the buildings’ components 

or materials due to poor maintenance, and lack of building adaptability (The Athena Institute, 2004; 

Kestner and Webster, 2010).  

From these conclusions, the concept of adaptability, which is largely a responsibility of 

architects, stands out as an important factor to increase a building ’s lifespan. This in turn reinforces 

the way durability is perceived for the sustainable development of buildings. The durability of a 

building can be defined as the “capacity of buildings to offer functionally  valuable spaces for a long 

time” (Celadyn, 2014, p.18), which implies functional flexibility. However, durability can go beyond 

this definition and consider not only the longevity of the spaces but also the recyclability and 

reusability of its components after the building’s deconstruction.  

Therefore, to promote durability, the following should be considered during the design 

phase: the flexibility of spaces, selection of materials susceptible to recycling , aptitude for 

maintenance, clarity of applied technical solutions, easy inspection  and possibility of future 

improvements (Celadyn, 2014). Minimizing resource use and the selection of renewable resources 
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should also be constant concerns so that the buildings’ impact on the environment is as low as 

possible. 

 

4.3 Summary 

 

The transition of the architectural design method into the framework of sustainable 

development requires the integration of strategies consistent with the principles of sustainability.  

Key indicators are needed to evaluate whether these strategies are in line with these principles. In 

order to select the key indicators, Sustainability Assessment and Certification Systems were 

analyzed to determine what were considered the most important parameters in relation to the level 

of sustainability in construction, and which parameters were most appropriate to the thinking 

process of architectural design. Five key sustainability indicators were designated: energy 

efficiency, potable water conservation, indoor air quality, acoustic comfort and durability. These 

were considered the most representative and suitable to be integrated in the methodological 

framework of architectural design methods. 

 It was concluded that by implementing solutions that considered the key indicators, in all 

the phases of the architectural design method, not only that other sustainability parameters could 

be determined, but also that the sustainability of the project could be guaranteed.  
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Chapter 5 

 

Guidelines for a Sustainable Project 
 

Sustainability becomes an integral part of the architectural design process when it is 

continuously implemented in the design method by means of sustainable design strategies. In order 

to validate the agreement of the proposed strategies with the aims of sustainability it is necessary 

to evaluate them against the originally defined objectives. An evaluation system, coherent with the 

thinking-process used in architectural design methods, can be developed to support architects 

during the assessment of sustainable parameters. To this end, it is important to identify the main 

strategies that need to be implemented throughout the various phases of architectural design 

method in order to integrate sustainability into the design process.  

This chapter will present the main sustainability strategies that were determined from the 

previously selected key indicators of sustainability . These strategies will be integrated in the 

various phases of the architectural design method. However, there is no strict order for how they 

should be executed, since this depends on the method of each architect. From these strategies, 

an evaluation system formalized in guidelines will follow.  

 

5.1 Implementation of Sustainability in Architectural Design 

Phases  

 

5.1.1 Program and Data Collection  
 

“[…] other things of this sort should be known to architects, so that, before they begin upon buildings, they 

may be careful not to leave disputed points for the householders to settle after the works are finished [...]".  

Vitruvius 

 

The program is the starting point of any architectural project , when an idea of the design 

begins to form in the architect ’s mind and general requirements of the overall project are outlined. 

In this phase, the client usually presents a brief to the design team as well as relevant questions 

such as location, profile and number of users, formal and functional intentions. Budget and 

deadlines are also discussed. 
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Before the building is conceptualized, it is important to outline strategies that meet the 

goals of sustainability so that the design team can predict the building’s energy, water, durability 

spatial and comfort needs, among other concerns. This allows appropriate architectural design 

strategies for daylighting, passive solar heating and cooling and water reuse to form an integral 

part of the initial design concept.  

Since in the early stages of design process very little data is usually available, a substantial 

amount of information is gathered, before the building design, to create a solid foundation for the 

upcoming development stages. Among the strategies to be considered as support to the overall 

design, the following stand out: 

 

Site and Climate: The site and climate can be determinants for the performance of the building 

mainly regarding its integration on the environment, energy efficiency and indoor comfort.  

 

An analysis of the bioclimatic characteristics of the site is important to evaluate if the proposed 

program is suitable for the environmental context. Analysis techniques such as sundials, sun path 

diagrams, wind maps and bioclimatic charts can be used to study and collect relevant data (Brown 

and DeKay, 2001; Olgyay, 2015).  In this initial phase, the study of the following factors is 

recommended: 

 

▪ topography; 

▪ solar geometry, angle and intensity of solar radiation; 

▪ prevailing winds and breezes; 

▪ air movements; 

▪ humidity and air pressure; 

▪ range of temperatures; 

▪ levels of precipitation and snow; 

▪ soil type; 

▪ daylight availability; 

▪ effect of daylight obstructions; 

▪ outdoor air quality; 

▪ noise levels; 

▪ availability of recyclable materials taken from demolition or site stripping (can be reused 

for landscaping or building design); 

▪ identification of pollution or contamination sources such as radon gas. 

 

The information gathered from this data will later support the choice of architectural solutions, 

from the arrangement of the internal layout and implementation of passive solutions to the selection 

of materials (Amado et al., 2015). 



 

31 

 

Energy: Depending on the climatic context, two important strategies are possible (Cofaigh, Olley 

and Lewis, 1996): 

▪ In warm weather, strategies should be adopted to minimize heat gains, avoid overheating 

and improve cooling.   

▪ In cold weather, strategies should be adopted to maximize heat gains, reduce heat losses 

and promote heat distribution and storage.  

 

In both contexts, daylight and natural ventilation should be provided. 

 

Urban Context and Conditions: During the discussion of the program, potable water conservation 

and energy efficiency strategies should already be considered. 

 

The possibility of rain and wastewater recycling and storage as well as the availability of 

local renewable resources to produce electricity should be evaluated. 

In this phase, solutions to generate or dissipate heat such as ground coupling or waste 

heat recovery and storage should also be considered (Hegger et al., 2008). 

 

Adapting the Program to the Site: When the program is presented, the architect can get to know 

the profile and number of users, functions of the future building and typology of spaces. This 

information allows the design team to have a general idea of the dimensions of spaces which is 

extremely relevant to understand the impact that the proposal may have on the environment.  

  

 The dimensioning of buildings and ground contact has an immediate effect on land use. 

Impermeabilized areas should be minimized to reduce damage on ecosystems and natural 

resources. 

Figures 5.1 and 5.2 show two sketches of Une Petite Maison by Le Corbusier built for his 

parents in 1923. Le Corbusier describes the 'dwelling machine' by underlining the compact and 

functional use of space: “Dimensions precisely adapted to individual functions permit  maximum 

exploitation of space. The arrangement is practical and spatially economical” (Porteous, 2002, 

p.104).  

Le Corbusier’s intentions suggest the economy of volume by reducing space  to its 

essentials. By doing so, it is possible to reduce the building ’s footprint and indirectly reduce energy 

consumption since there are no unoccupied or excess spaces. 

Thus, prior to their proposals, the architect should already be aware that their built design 

will impact the environment and should approach the program with a consciousness that the 

proposal ought to “touch this earth lightly” (Drew and Murcutt, 1999, book title).  

 

 



 

32 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Internal Consumption and Needs: In early stages of design, it is important to estimate internal 

consumption and needs to adopt sustainability strategies that meet these requirements. The 

following requirements are of particular significance:  

 

▪ internal heat gains; 

▪ electric load; 

▪ artificial lighting needs; 

▪ water consumption needs. 

 

Other Criteria: The study of the site should include other important criteria regarding social, cultural 

and economic context as well as the relationship of the building with its surroundings.  Some 

examples of these criteria are: 

 

▪ social and historical context; 

▪ economic context; 

▪ identification of protected areas or elements;  

▪ integration of the building in urban structure;  

▪ accessibilities; 

▪ visual relations.  

 

5.1.2 Feasibility Study 

 

After the program is approved by the client and the design team, the information is 

organized and studied. Here, the design process should shift towards finding solutions that best fit 

Figure 5.2 | Sketch of Une Petit Maison by Le 

Corbusier – section. 
 

Source: Colin Porteous - The new eco-architecture: 

alternatives from the modern movement, 2002. 

 

 

 

 

Figure 5.1 | Sketch of Une Petit Maison by Le 

Corbusier – plan. 
 

Source: Le Corbusier- Une Petite Maison, 2001. 
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the program regarding general design requirements. This phase is crucial to ensure energy 

efficiency since it determines how the building is formally integrated in the surrounding 

environment. Issues such as orientation and form, which are also determined at this phase, will 

have a huge impact on the energy performance of the building in the operation phase. In light of 

this, it is important to prioritize daylighting, heating, cooling and ventilation passive design 

solutions, using mass, landscaping and design to work with topography and climate . 

At this phase, after the analyses of all the gathered information, architects often develop a 

design concept which helps to provide coherence to the architectural response. It is fundamental 

that the design concept is aligned with the aims of sustainability.  

 

Siting: Natural topographic features of the construction site , surrounding elements and dwellings 

should be considered when experimenting with masses, volumes and forms.  

 Surrounding slopes of hills or ridges may block prevailing winds, providing at the leeward 

side a protected area for construction. Also, in the north hemisphere, south slopes favor solar 

access by providing sunlight and heat to the interior of the building. The Solar Hemicycle House 

by Frank Lloyd Wright (Figure 2.1) and the terraced housing at Zollikofen, Switzerland, by 

AARPLAN (Figure 5.3) demonstrate the clever use of these principles.  

 Special care should be taken to account for surrounding elements that may cause over-

shading and interfere with the provision of daylight (Smith and Pitts, 1997).  

 Also, in cold weather, it is beneficial for the building to be in contact with adjacent dwellings 

since it increases thermal inertia and minimizes heat losses.  In warm weather, it is important to 

preserve the building ’s access to breezes so contact with adjacent dwellings should be avoided.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3 | Housing in Zollikofen, CH, by AARPLAN (1996-7) 
 

Source: Colin Porteous- The new eco-architecture: alternatives from 

the modern movement, 2002. [adapted] 
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Orientation: Orienting the building according to the geometry of the sun and prevailing winds is an 

important passive measure to ensure energy efficiency and indoor comfort (Cofaigh, Olley and 

Lewis, 1996; Brown and DeKay, 2001; Olgyay, 2015). 

 

South-facing elements receive larger amounts of solar radiation throughout  the year in the 

northern hemisphere. Ideally, the longest axis of the building should match the east-west axis 

facing the solar wall directly to south. This solution was often used by Alvar Aalto in his designs 

where the light and energy of the sun were important precondit ions for orienting the building (see 

Figures 5.4 and 5.5). 

 When the effects of prevailing winds are undesirable , the longest axis of the building should 

be parallel to predominant winds to protect from severe air flow or positioned with a small angle to 

reduce wind velocity. However, if prevailing winds or cold breezes are beneficial to promote natural 

ventilation and relief from vapor pressure during severe humidity, the building should be positioned 

perpendicular to air movements.  

In some situations, orienting the building according to the sun and prevailing winds may 

prove to be contradictory. In these cases, a compromise should be made by adopting other 

strategies to meet specific needs. For example, to divert wind direction or reduce the wind flow 

without reducing solar gain, the use of topography, suitable vegetation or structural arrangements 

in the building envelope can all be effective.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Form: When experimenting with form, besides the economy of volume, solutions to maximize light 

and solar heat gains, protect from prevailing winds and take advantage of breezes for natural 

ventilation should also be considered. 

Figure 5.4 | Housing at Sunila, FI, by Alvar Aalto 

(1936-8). 
 
 

Source: Eoin O. Cofaigh, John A. Olley and J. Owen 

Lewis - The Climatic Dweling, 1996. 

 

Figure 5.5 | Muuratsalo experimental house, FI, by 

Alvar Aalto (1952-3). 
 
 

Source: Eoin O. Cofaigh, John A. Olley and J. Owen 

Lewis - The Climatic Dweling, 1996. 
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If the building has a rectangular shape, with its longest axis matching the east -west axis, 

the distance from the heat input source - the south wall where the sun radiation falls - to where it 

is absorbed - the north wall - is minimized, which reduces heat dissipation and enables the 

distribution of light throughout the spaces, thus improving energy efficiency  (Olgyay, 2015). 

Many of other forms can be appropriate to achieve energy efficiency. Figures 5.6 and 5.7 

show the Jean-Marie Tjibaou Cultural Centre, Nouméa, New Caledonia, by Renzo Piano. The 

convex form is turned against the wind and opened towards the sun, taking maximum advantage 

of sunlight. The form and vegetation function as a shield, protecting the building from the prevailing 

wind but allowing cool breezes to pass. This solution results in a  passive ventilation system that 

eliminates the need for air conditioning and provides clean and natural air to the building.  

When considering the form of the building, special attention should be given to tall buildings 

since they are less stable and interfere with the microclimate in the urban environment by 

producing variations in the air flow, causing wind turbulence at ground level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Envelope: The design of the external envelope of the building, specifically with regard to roofs, 

walls and floors, plays a major role in energy efficiency and indoor comfort. In the feasibility study, 

the roof shape, ground contact, first considerations regarding thermal inertia and need for shading 

systems are the most relevant factors. 

 

 The roof shape and slope should be designed according to regional climate conditions. 

(Brown and DeKay, 2001). 

 The relation between mass and void is also an important factor in determining the future 

energy performance of the building. The larger the building's skin area, the larger the heat 

transfers. Furthermore, generally the thermal losses are higher in glaz ing elements. 

Figure 5.6 | Sketch of Jean-Marie Tjibaou Cultural 

Centre by Renzo Piano. 
 

Source: Exposition - La méthode Piano 

(https://www.citedelarchitecture.fr) [adapted].  

 

Figure 5.7 | Model of Jean-Marie Tjibaou Cultural 

Centre. 
 

Source: Exposition - La méthode Piano 

(https://www.citedelarchitecture.fr) [adapted].  

https://en.wikipedia.org/wiki/Jean-Marie_Tjibaou_Cultural_Centre
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Landscape. Planting vegetation is an important strategy to consider in the early stages of design 

to promote energy efficiency, indoor air quality , visual comfort and improve outdoor living spaces.  

 

Planting trees or shrubs perpendicular to the prevailing wind is an effective strategy to 

reduce wind velocity and allow cool breezes to pass through for purposes of natural ventilation 

(Amado et al., 2015).  

Vegetation can also be used to prevent overheating of spaces exposed to excessive solar 

heat, usually south-facing spaces in the northern hemisphere and warm climates. If vegetation is 

indeed required, indigenous species are usually the most efficient since they are more adapted to 

the environment.  

 

5.1.3 Preliminary Design 

 

 In the preliminary design phase, the level of detail increases and the design team 

experiments with internal layout, dimensioning of areas and heights, and elements  regarding the 

building’s envelope as opening elements and shading systems. These decisions can be key 

determinants for the energy efficiency of the building.  

 Active strategies for heating and cooling systems, powered by renewable resources, should 

also be addressed so that such systems can form an integral part of the building.  

 Models and sketches are a good tool to assist the thinking process. However, at this phase, 

more detailed sections, plans and elevations should be already developed.  

   

Passive Strategies 

 

Structure: After defining the form of the building, the architect should be aware of the complexity 

or simplicity of the structure in order to later define the internal layout. 

 A regular structure is usually easier to compartmentalize and corroborates to the flexibility 

of spaces and adaptation to new functions. This may also affect the durability of the building.  

 

Internal Layout: The handling of internal spaces can be adapted to the climatic region to maximize 

daylight and balance thermal needs as appropriate.   

 

  Thin plan room arrangements and a compact form prevent heat dissipation and contribute 

towards an even distribution of daylight throughout the space. Buffer areas such as sunspaces, 

courtyards and balconies, can be used for thermal zoning as required. These areas undergo 

temperature swings and protect rooms from undesirable heat or heat dissipation. In AARPLAN’s 

design, for example, a sunspace was introduced at the south-facing part of the house to maximize 

solar heat gains (see Figure 5.3).  
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Areas with special air quality needs (e.g. bathrooms, kitchens, combustion rooms, garbage 

rooms) should be separated from the rest of the spaces to prevent the pollutants generated in 

those areas from mixing with better quality air from the other living spaces.  

Internal layout may also be a determinant for noise control. The dimensions and overall 

volume of rooms should be considered to improve acoustic performance , especially spaces with 

specific functions such as classrooms, offices and concert halls. The spatial arrangement is also 

an important factor for acoustic comfort since quiet areas should be positioned away from noisier 

areas. 

 

Opening Elements: Windows, skylights, clerestories, roof lights and other opening elements are 

required to admit sunlight and heat in interior spaces and provide a visual connection to the exterior 

world. These elements are also key to providing natural ventilation. 

  

Opening elements should be planned according to the dimension and function of rooms to 

provide the appropriate amount of daylight, heat and ventilation rates. South-facing windows, in 

the northern hemisphere, provide maximum winter solar gain. The Solar XXI building in Lisbon, 

Portugal, is an example of a low energy office building which has large windows on the south-

façade (see Figure 5.8) and a skylight in the center of the building providing light to transition areas 

and to north-oriented rooms through interior opening elements (see Figure 5.9). 

Vertical windows are better for admitting low-level sunlight in winter, and for ventilating 

spaces by draining the heated air from the top of the window and allowing fresh air intake from the 

bottom (Guedes et al., 2011). 

Appropriate measures should be taken to prevent g lare in interior spaces, such as window 

splay or shading elements to control direct sunlight (Smith and Pitts, 1997). 

When considering opening elements, it is crucial to adopt strategies that control 

overheating in certain times of the year, such as the integration of shading systems.  

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5.8 | South-facing windows of the Solar XXI 

building in Lisbon, PT, by Pedro Cabrito and Isabel 

Diniz Architects (2006). 
 

Source: https://divisare.com [adapted] 

 

 

Figure 5.9 | Skylight of the Solar XXI building in 

Lisbon, PT, by Pedro Cabrito and Isabel Diniz 

Architects (2006). 
 

Source: http://www.rehva.eu [adapted] 
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Shading Elements: In some seasons, mainly in temperate and hot climates, interior spaces may 

overheat due to excessive solar radiation passing through glazing. To prevent overheating, the 

installation of shading elements is recommended. These should be mainly positioned in south and 

west-facing windows, in northern latitudes, and low-pitched glazing should be avoided in hot 

climates.  

 

 Shading elements can be external or internal; permanent, movable or seasonal and, if 

movable, they can be automatic or operated by hand. In general, external shading is preferable 

since solar radiation does not reach the interior surfaces at all, dissipating the heat more easily 

than internal shading.  

Movable and seasonal shading elements have the advantage of being adjustable to 

seasonal needs, providing maximum heat in winter and preventing overheating in summer.  One 

example of seasonal shading is deciduous plantation that can perform a dual function of providing 

shade during summer and allowing insolation during the winter. In hot climates, coniferous 

plantation is preferable since it provides shade throughout the year.  

A wide variety of shading types are available (e.g. vertical louvers, horizontal overhangs, 

eggcrate, screenings), and the most appropriate choice depends on the regional climate and 

building location: overhead horizontal shading protects from the high sun while vertical shading 

protects from the low sun. The combination of horizontal and vertical compartmental screens  was 

often experimented by Le Corbusier in his designs including in his most notorious works, the Unité 

d'Habitation (see Figures 5.10 and 5.11).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 5.11 | Unité d'Habitation de Marseille, FR, by 

Le Corbusier (1945-52). 
 

Source: Daniel Siret - L’illusion du brise-soleil par Le 

Corbusier, 2002. [adapted] 
 

Figure 5.10 | Sketches illustrating the principle of 

the brise-soleil by Le Corbusier. 
 

Source: Daniel Siret - L’illusion du brise-soleil par Le 

Corbusier, 2002. [adapted] 
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Ventilation: Natural ventilation consists of air flux between the outside and inside of a building, 

allowing internal air renewal and space cooling.  It reduces energy needs, especially in warm 

periods, and if the outside air is not polluted, it improves indoor air quality.  

 

Two types of natural ventilation can be identified: ventilation due to wind pressure which 

includes single-sided and cross ventilation; and stack ventilation which relies on temperature 

differences to move air originating a temperature stratification within the space.  (Guedes et al., 

2011). 

Cross ventilation is preferred over single-sided ventilation since with single-sided 

ventilation very little airflow occurs inside the building. When considering cross ventilation, the 

dimension, layout and shape of opening elements are of extreme importance . The incorporation of 

high vertical windows is ideal to drain heated air and for fresh air intake. Also, when openings of 

equal size are positioned opposite of each other , air flow is maximized. However, cross ventilation 

is less effective in very long spaces since the effects of wind pressure are lost. In these cases, a 

patio can be constructed as a solution. 

Stack ventilation, also known as the chimney effect, can be achieved through various 

strategies such as single sided double-opening, atria, solar chimneys or cavity ventilation (Guedes 

et al., 2011). Figures 5.12 and 5.13 show schemes of the stack ventilation systems in the Dome 

of the Reichstag Building, in Germany, and the Torrent Pharmaceuticals Laboratory, in India, 

respectively. Due to stack effect, warm air is directed to a tall vertical space in which is 

accumulated and then dissipated to the exterior by an upper outlet.  

In some situations, when outdoor temperatures are too hot and daytime venti lation 

becomes undesirable, it is advantageous to use night-time ventilation to cool the building mass 

overnight. Through cross or stack ventilation, the building’s heat is dissipated during the night, 

when temperatures are lower, and by morning the building is cooled (Guedes et al., 2011).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.13 | Torrent Pharmaceuticals Laboratory in 

Ahmedabad, IN, by Abhikram architects in 

collaboration with Brian Ford, (1994-99). 
 

Source: Joo-Hwa Bay and Boon-Lay Ong - Tropical 

Sustainable Architecture,2006. [adapted] 

Figure 5.12 | Dome of the Reichstag Building in 

Berlin, DE, by Norman Foster, (1992-9). 
 

Source: Christian Schittich - Solar Architecture, 2003. 

[adapted] 
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Additional Energy Efficiency Strategies: Various passive strategies for the building’s thermal 

balance can be defined at this phase.  

 

The thermal inertia of materials controls temperature fluctuations since thermal mass 

impedes heat transfer. Many strategies based on this principle can be used for purposes of heating 

and cooling. One example is the Trombe-Michel Wall, represented in Figures 5.14 and 5.15, which 

is a south-facing masonry wall that is usually separated from the outdoors by a glass and absorb s 

solar heat, releasing it into the interior of a building.  

Other possible strategies involve natural earth thermal equalizers. It is possible to take 

advantage of the earth’s thermal proprieties to implement constructive solutions for natural heating  

or cooling. Because the underground temperature remains relatively constant  throughout the year, 

the soil becomes a good medium for heat transfer/dissipation (Soni, Pandey and Bartaria, 2015, 

p.83). Design strategies associated with this principle are earth/ground-coupling solutions or rock 

beds for heating or cooling storage. 

 Moreover, depending on the program and local conditions, other strategies can also be 

adopted to assure energy efficiency of the building.  

 

 

 

 

 

 

 

 

 

 

 

Active Strategies 

 

Heating and cooling: If the on-site sunlight exposure period is long, photovoltaic panels or solar 

collectors are a good alternative to fossil fuels combustion.  

 

Photovoltaic panels capture solar energy and convert it into electrical energy. Th is 

electricity is either immediately conducted to the electrical grid through an inverter or stored for 

later use. This energy can be used for space heating or cooling and provision of hot water.  

Solar collectors are devices that convert solar energy into thermal energy and are mostly 

used for housing water heating. They can also be used for central heating or as a pool support 

device (Hegger et al., 2008).  

Figure 5.15 | Solar House in Odeillo, FR, by J. 

Michel and F. Trombe (1967). 
 

Source: http://solarityarchitecture.co.uk 

Figure 5.14 | Trombe-Michel Solar Wall at Odeillo, 

FR, (1967). 
 

Source: Colin Porteous- The new eco-architecture: 

alternatives from the modern movement, 2002. [adapted] 
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Photovoltaic panels and solar collectors are non-polluting, require low maintenance and 

have long-term economic advantages. However, they require a high initial investment (Amado et 

al., 2015). Figure 5.16 shows the incorporation of photovoltaic panels in the south façade of the 

Solar Office, in United Kingdom, to maximize the use of solar energy. And, figure 5.17 represents 

a scheme of the Solar XXI Building, in Portugal, to exemplify how photovoltaic systems can also be 

used for indoor thermal control according to the same principle of the Trombe-Michel Wall (see 

also Figure 5.14).  

As an alternative to these solutions, heat exchangers or conventional heating and cooling 

systems can be appropriate if electricity is supplied from renewable energy sources.    

Heating and cooling storage should be provided so that all user needs are met in the hours 

of higher consumption. Also, the most appropriate heating and cooling distribution and output  

means should be selected to minimize heat transfer and provide a uniform temperature distribution 

in the spaces. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1.4 Detail Design  
 

The final phase of the architectural process mainly addresses the definition of details and 

preparation of construction drawings. Computer aided design is often useful in creating detailed 

sections, plans, elevations and visualizations.  

Final considerations are made regarding the layout and dimension of interior spaces. 

Materials and finishing materials, water fixtures, electrical equipment and artificial lighting are 

selected.  

This phase is still very important for the implementation of sustainability since these 

strategies will have a great impact on acoustic comfort, indoor air quality, energy efficiency and 

Figure 5.17 | Photovoltaic system in the Solar XXI 

Building in Lisbon, PT. 
 

Source: http://www.lneg.pt [adapted] 

 

Figure 5.16 | Solar Office at Doxford International 

Business Park, UK, by Studio E. Architects and 

Aukett Associates (1998). 
 

Source: Brian Edwards and Paul Hyett - Guía básica de la 

sostenibilidad, 2004. [adapted] 
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durability of the building.  Also, water fixtures choice will impact potable water conservation 

(Fontanals and Martínez, 1999).  

 During this phase the design team will also collaborate with technicians (engineering, 

landscape, lighting, etc.) to ensure a complete coordinated construction team. A manual with 

important information about the building and equipment should be provided to users . This will 

include information about how to operate the building and what maintenance measures are 

required. 

 

Passive Strategies 

 

Materials: The choice of materials has a major influence on users’ comfort a s well as on visual and 

sensorial perception. It impacts users’ thermal sensation: the way light is transmitted and refracted 

and the way sound is absorbed and reflected. The choice of materials defines color, texture, 

opacity, quality and utility. 

 

The selected materials should be recyclable and reusable and, whenever possible, selected 

from local sources. Using minimum energy in production, transport and use will further reduce 

environmental impacts. The House for the Future, by architects Jestico and Whiles, was designed 

to reflect the standard of housing in the year 2050 (see Figures 5.18 and 5.19). In the house are 

used materials available in Wales, where it was built. The structure consists of locally grown post 

and beam oak timber frames and sheep’s wool is used for thermal insulation .  

 The color of finishing materials can minimize temperature fluctuations. In hot climates, light 

colored finishing materials should be applied on the exterior since they reflect solar radiation, while 

in cold climates dark colored finishing materials absorb solar radiation. The choice of materials 

with lower thermal transmittance, U-value [W/m2K], can also improve thermal insulation.   

Materials containing toxic components that may compromise indoor air quality should be 

avoided and reference should be given to materials that are easy to maintain and clean.  

 The choice of internal finishing materials should also be based on acoustic performance.  

 

 

 

 

 

 

 

 

 

 

Figure 5.18 | Scheme of The House for the Future. 
 

Source: https://www.jesticowhiles.com [adapted]  

5.19 | The House for the Future in Cardiff, UK, by 

architects Jestico+Whiles (2000). 
 

Source: https://www.jesticowhiles.com 
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Insulation: The entire building envelope and structure should be properly insulated to control 

airflow and water leakage within the building components in order to prevent condensation.  

 

Insulation from outside the mass of walls, roof and floors is preferable to prev ent water 

vapor from condensing in deeper layers of the building.  Also, a vapor barrier should be installed 

on the warm side; otherwise great care should be taken regarding moisture control.  

Other strategies can be considered to minimize temperature fluctuations and to prevent 

condensation within the building’s components. For example, superinsulation is a strategy that 

consists of using very thick layers of insulation within the building fabr ic which provides a dramatic 

reduction of heat transfer (Smith and Pitts, 1997). Another strategy is the selection of transparent 

insulation materials (Cofaigh, Olley and Lewis, 1996). These admit daylight but do not cause the 

heat loss which is associated with conventional glazing, since they have a high transmission index 

of solar radiation and good thermal insulation qualities (see Figures 5.20 and 5.21).  

Insulation strategies should also consider the acoustic performance of the building  - for 

example, the installation of acoustic shelves on the outside windows to reduce noise from external 

areas or the installation of a suspended ceiling to improve impact sound insulation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Construction Details: Efficient wall assemblies, drainage systems and ventilation points, among 

other construction details, are important to reduce heat transfer and water and air leakage of the 

building.  

 

Multi-leaf facades with an air layer are an efficient strategy to improve insulation and 

consequently the energy performance and acoustic comfort of the building. 

The penetration of water into the building should be avoided for moisture control by 

implementing barriers to water entry with a moisture impermeable material and a drainage rain 

system to direct rain water way from the building. 

Figure 5.20| Transparent insulation in Atelier 

Bavaria, DE, by Thomas Herzog (1994). 
 

 

Source: Christian Schittich - Solar Architecture, 2003.  

Figure 5.21 | Juxtaposition of glazing and 

transparent insulation in Sonnenackerweg 

housing, Freiburg, DE, rehabilitated by Rolf Disch.  
 

Source: Eoin O. Cofaigh, John A. Olley and J. Owen 

Lewis - The Climatic Dweling, 1996. 
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Joints between the different components of the building should be airtight to control 

moisture and minimize thermal bridges, which in turn will prevent the grow of microorganisms. 

Other construction details should be addressed to define how materials are layered 

together and how the different components of the building should be assembled and joined.  

 

Water Fixtures: An important strategy to conserve potable water is to choose the appropriate water 

fixtures (Fontanals and Martínez, 1999). 

 

 When selecting water efficient toilets and urinals, one should opt for a low water volume 

flushing system by installing toilets with interruptible flow systems, double discharge tanks or 

flushing tanks with reduced capacity. It is recommended that flushing systems have an average 

capacity of 6, 4 or even 1L (Schuetze and Santiago-Fandiño, 2013).  

Waterless or dry composing toilets are also recommended, although these systems present 

the disadvantage of requiring regular maintenance. Low volume taps and showerheads should be 

selected. Usually the recommended flow rate is of 10 L/min (Schuetze and Santiago-Fandiño, 

2013).  

 

Active Strategies 

 

Low Consumption Devices: Electric appliances and equipment should be energy and water 

efficient.  

 

Various mechanisms can be considered to reduce water consumption - for example, the 

implementation of taps technology such as aerator taps, thermostatic taps and taps with solenoid 

valves to shut off water when not in use. Artificial light, refrigerators, freezers, dishwashers, 

washing machines and other electric devices should be chosen with the goal of minimize energy 

and water consumption.  

 

Artificial Lighting: The use of natural light during the day should be maximized, and artificial lighting 

should be provided for when sun light is non-existent or insufficient. 

 Artificial lighting can be optimized to meet occupants’ needs and reduce energy 

consumption through the installation of occupancy detection or time control systems for automatic 

light control. Daylight sensors can be installed to automatically adjust artificial light intensity 

according to incoming natural luminous flux.  

The arrangement, number, shape, and color of luminaires should be chosen according to 

the functional requirements of the space.  

Energy efficient lamps should also be used to further minimize energy consumption. 
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5.2 Guidelines Proposal 

 

Implementing sustainability into architectural design methods requires sustainability 

principles to be considered from the beginning of the design process. In order to assist architects 

in selecting the best strategies and verify their alignment with the aims of sustainability, we 

developed guidelines for a sustainable project. 

The proposed guidelines summarize and evaluate the main strategies that need to be 

integrated throughout the various design methods phases to ensure that sustainability principles 

are considered throughout architectural design process. Each guideline was given a 

recommendation level, outlined in Table 5.1, to specify the degree of importance of implementing 

each strategy. Moreover, additional specifications for certain guidelines have been included for 

further explanations or suggestions where necessary. 

Each strategy was integrated into one of the four phases of the architectural design method 

according to its level of detail . However, the presented guidelines admit multiple interactions and 

feedback loops between the various design phases according to the thinking process of each 

architect. 

If possible, the architect should always prioritize the implementation of passive strategies. 

The final decisions concerning the implementations of each strategy must be taken with 

responsibility and adapted to the context of the site.  

The proposed guidelines can be found in Appendix A.  

 

 

Table 5.1| Levels of Recommendations for guidelines for a sustainable project. 

 

Levels of Recommendations  

Is recommended  

Should be considered  

May be considered   
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Chapter 6 

 

Survey  
 

6.1 Introduction 

 

In addition to collecting data through a literature review, an online survey was distributed 

to architects and architectural students in order to understand the necessities and advantages of 

creating a system that can support architects in the implementation of sustainability principles in 

the design process. The survey was sent by email and shared on social networks and respondents 

were asked to also share it with fellow architects and/or students. 

The survey integrates questions regarding the importance of sustainability in architecture, 

the selected key indicators of sustainability, their degree of importance in the design process and 

questions to understand if architects and architecture students implement and evaluate strategies 

that are in line with sustainable principles.  

 The survey and the results can be found in Appendix B. 

 

6.2 Analysis and Discussion of the Results  

 

The developed survey yielded 217 responses. Approximately 32% of the respondents were 

students, about 59% were architects responsible for designing or collaborating in the design of 

projects and about 8% were architects who were inactive in the field (Question 1). From the 

responses, 100% of the respondents considered that sustainability should be implemented in 

architectural design process (Question 4). 

 

Each key indicator corresponds to a set of design strategies that need to be implemented 

in the architectural design method. To determine which key indicator is considered the most 

important and to prioritize the strategies to be implemented , respondents were asked to specify 

the degree of importance of each key indicator  (Question 5). The majority of respondents 

considered all key indicators very important. When, comparing the relevance of different indicators 

within the very important category, energy efficiency was considered the most relevant indicator, 
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followed by potable water consumption, indoor air quality and finally durability of the building and 

acoustic comfort. Except for the order of the last two indicators, whose difference between the 

responses was not significant, this sequencing follows the weighting of categories of Sustainability 

Assessment and Certification Systems, discussed in Chapter 4, where it was concluded that these 

systems assign a higher level of weighting to the categories of energy  efficiency, conservation of 

natural resources and indoor environmental comfort. Although all key indicators were considered 

very important, this sequencing establishes an order of the most important strategies to implement. 

And, overall, this order is in agreement with the qualitative evaluation of Sustainability Assessment 

and Certification Systems. 

 

In order to understand whether one phase of the design process is crucial for the 

implementation strategies to validate a certain key indicator, respondents were asked to specify 

the design phase(s) they considered most important for the implementation of design strategies so 

that each of the key indicators was verified (Question 6).  

In general, all phases of the design process were considered important for the 

implementation of strategies to verify each key indicator. However, it is possible to identify some 

phases that the respondents considered more important.   

The preliminary design phase, with a total of 95 answers, was considered the most 

important to assure the implementation of indoor air quality. These results are in agreement with 

the strategies presented in the proposed guidelines because the Preliminary Design phase, in the 

guidelines, includes key strategies for improving indoor air quality, namely the design of opening 

elements according to proper ventilation rates and the implementation of other strategies to 

promote natural ventilation. 

Regarding the energy efficiency indicator, in general all phases were considered important . 

However, both Feasibility Study and Preliminary Design phases obtained a higher level of 

responses, 86 and 87 respectively. In the proposed guidelines, these phases are crucial for the 

verification of energy efficiency because it is when orientation, form, internal layout, opening 

elements and shading systems strategies are outlined. 

As for the indicator of acoustic comfort, both Preliminary Design and Detail Design phases 

were considered the most important, with 87 and 88 answers, respectively. These results are once 

again in line with the proposed guidelines since it is when the internal layout and geometry of 

spaces are defined and materials, including soundproof insulation, are selected. 

Regarding the durability of the building, the Feasibility Study and Preliminary Design phases 

stand out as the most important ones, with 82 and 89 answers respectively. However, according 

to the proposed guidelines, only the Preliminary Design phase is a determinant for the 

implementation of sustainability strategies since it is when the structural and internal layout - and 

thus flexibility and adaptability of spaces - are determined. In the proposed guidelines, the 

Feasibility Study is more focused on energy efficiency strategies, focusing on issues such as 
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orientation, form and volume, which will have a greater impact on the energy performance of the 

future building. 

The Preliminary Design and Detail Design phases were considered the most important 

phases for the implementation of strategies for potable water conservation, with 81 and 82 answers 

respectively. In the proposed guidelines, the survey answers confirm that the Detailed Design 

phase is very important for potable water conservation, as this is when water fixtures are selected. 

However, in the proposed guidelines, the phase of Program and Data Collection was considered 

extremely important since it is when the possibility of implementing rainwater harvesting and 

wastewater recycling systems and water storage solutions are analyzed. This phase also includes 

the possibility to conduct an economic assessment for the implementation of such strategies.  

Overall, the difference of importance between the various design phases was not significant 

which means that in all phases of the architectural design method , it is important to consider 

strategies to validate each key indicator. Among the ones that showed the greatest differences, it 

was verified that the majority of the answers were in agreement with the proposed guidelines. 

 

From the key indicators, important passive design strategies were  selected to verify which 

ones were implemented in the respondents’ own design method (Question 7). The most commonly 

implemented strategies were the “formal conception of the proposal” which is determinant for 

energy efficient and the “use of adequate thermal and acoustic insulation levels” . 

However, most of the strategies have a lower ratio than expected, since in Question 5 all 

key indicators were mainly considered very important. One of the strategies with a lower ratio is 

the “implementation of strategies for greywater recycle”. In Question 5, potable water consumption 

was considered as very important by 160 respondents, while in Question 7, only 55 respondents 

answered that they implement strategies for graywater consumption in their designs.  

These results may mean that respondents do not consider the mentioned strategies, 

although this does not exclude the possible implementation of other strategies that validate the 

key indicators. On the other hand, it is possible that although respondents consider sustainability 

to be important in theory, they do not implement enough measures to integrate sustainability 

principles in practice. In this case, it is possible that the economic value associated with certain 

solutions may be an important factor in the decision. 

 

The last four questions of the survey were aimed at understanding the need to create a 

system that supports architects in the implementation and evaluation of strategies concordant with 

the principles of sustainability.  

To the question "How do you evaluate the implementation of sustainability in your projects 

during the design process?" (Question 8), approximately 46% of the respondents answered that 

they evaluate the implementation of sustainability empirically and 30% of the respondents 

answered that they did not evaluate the sustainability component of their projects . This concludes 
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that a systematic evaluation, with a theoretical foundation, is not part of most respondents’ 

architectural design methods. From the respondents that had a method, around 62% consider that 

their evaluation method was reliable and easy to use (Question 9).  

 When asked if Sustainability Assessment and Certification Systems were adequate to 

support architects during the design phase to understand if such systems could assist architects 

in the implementation and evaluation of strategies concordant with the principles of sustainability 

(Question 10), around 72% of the respondents acknowledged that they did not know. This 

suggests that most respondents are not aware of the existence of such systems or are not familiar 

with them. Approximately 26% of the respondents considered them appropriate. However, when 

asked which method was considered most effective to ensure the implementation of sustainability 

into the architectural design process (Question 11), many of the respondents - around 49% - 

considered systematic methods with theoretical foundations adapted to architectural design 

process instead of Sustainability Assessment and Certification Systems. Again, a considerable 

percentage of respondents, around 32%, admit to not knowing what the best method of evaluation 

would be. 

This suggests that although all the respondents agree that sustainability principles should 

implemented in the architectural design process, few respondents guarantee that these principles 

are implemented by means of a rigorous evaluation. This in turn highlights the need for a system 

that supports architects in guaranteeing sustainability as an integral part of architectural design 

method. 
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Chapter 7 

 

Conclusion and Future Developments  
 

7.1 Conclusions 

 

Sustainability can be understood as a set of ethical values based on social, environmental 

and economic responsibility. Through these values, it is possible to achieve sustainable 

development, which, more than ever, should emerge to replace the current development model of 

societies.  

Throughout this thesis, it was concluded that the practice of architecture is an essential 

means to achieve sustainable development, yet most architects have yet to address this. The study 

of architectural design methods revealed the need for a new, simpler and multidisciplinary model 

of design methods that implements sustainability within the design process. Moreover, a literature 

review and survey responses show that an evaluation of the sustainability component in the design 

process is often nonexistent among architects or lacks a systematic and theoretically based 

evaluation method. 

Although Sustainability Assessment and Certification Systems are suitable to evaluate the 

sustainability component of a building after it is built, they are not designed to support architects 

during the design process since their approach is more focused on assessing sustainability 

throughout the entire building's lifecycle. Therefore, it can be concluded that there is the need for 

a system that supports architects in guaranteeing that sustainability is a coherent and integral part 

of architectural design method. 

In response to these conclusions, an evaluation system was developed, formalized in 

guidelines, which are structured according to the phases of architectural design process .  Through 

recommendation levels, these guidelines inform architects of the main strategies required to 

achieve sustainability goals. The guidelines could optimize the design process in terms of achieving 

these sustainability goals, which would be a significant improvement from the current design 

method. Furthermore, the relevance of this work is also to raise awareness about the sustainability 

issue in the field of architecture since sustainability , though currently much discussed, is still very 

rarely implemented. Thus, the proposed system suggests a transition from a theoretical concept 

to one that can be practiced. 
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7.2 Future Developments  

 

The work presented in this thesis raises several possibilities for future developments. As 

the proposed guidelines aim to assist architects in the  integration, implementation and evaluation 

of design strategies that are concordant with sustainability principles , these guidelines can evolve 

into an interactive model in the form of a checklist. In addition, the content of the guidelines could 

be further developed and expanded to include other sustainability indicators.  

Another possible outcome would be the computerization of the developed tool or its 

incorporation in 3D design software for architecture. This would allow the design team to more 

accurately evaluate the implementation of sustainability principles while developing technical 

drawings and visualizations in the architectural design process. Such evaluations would not only 

include the assessment of a building’s energy performance, as several softwares already do, but 

also other key indicators of sustainability.   
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Appendix A 
 

Guidelines  

 

GUIDELINES STRUCTURE 

TABLE I. PROGRAM AND DATA COLLECTION 

PASSIVE STRATEGIES   

a. Site and Climate  

b. Urban Context and Conditions   

c. Adapting the Program to the Site 

d. Internal Consumption and Needs 

e. Other Criteria  

TABLE II. FEASIBILITY STUDY 

PASSIVE STRATEGIES   

a. Siting  

b. Orientation 

c. Form  

d. Envelope 

e. Landscape  

TABLE III. PRELIMINARY DESIGN 

PASSIVE STRATEGIES   

a. Structure 

b. Internal Layout  

c. Opening Elements 

d. Shading Elements 

e. Natural Ventilation 

f. Additional Energy Efficient Strategies  

ACTIVE STRATEGIES   

g. Heating and Cooling Solutions  

TABLE IV. DETAIL DESIGN  

PASSIVE STRATEGIES   

a. Materials Selection  

b. Thermal Insulation Materials  

c. Construction Details 

d. Water Fixtures 

e. Building Management  

ACTIVE STRATEGIES   

f. Low Consumption Devices Selection 

 

 



 

60 

 

 



 

61 

 

 

 

TABLE I. PROGRAM AND DATA COLLECTION  LEVEL 

PASSIVE STRATEGIES      
    

a. Site and Climate      

> Analysis of environmental characteristics of the site and possibility of bioclimatic solutions.     
 

Additional Specifications 

The following parameters should be considered:  

-topography; 

-solar geometry, angle and intensity of solar radiation; 

-prevailing winds and breezes; 

-air movements; 

-humidity and air pressure;  

-range of temperatures;  

-levels of precipitation and snow; 

-soil type; 

-daylight availability;  

-effect of daylight obstructions;  

-outdoor air quality;  

-noise levels;  

-availability of recyclable materials taken from demolition or site stripping;  

-identification of pollution or contamination sources such as radon gas. 
 

   

> Definition of energy efficiency strategies according to the climatic context.     

    

> Use of analysis techniques (e.g. sundials, sun path diagrams, wind maps, bioclimatic charts) to 

collect and study relevant data. 
   

    

b. Urban Context and Conditions       

> Analysis of the possibility of implementing harvesting and wastewater recycling systems.    
    

> Analysis of the availabil ity of local renewable resources to produce electricity.     
    

> Analysis of the most appropriate solutions to generate or dissipate heat.    
    

> Analysis of water and heat storage solutions.    

    

c. Adapting the Program to the Site     

> Adapting the program to the site to reduce impermeabilized areas and minimize natural resources 

consumption. 
   

 

Additional Specifications 

The following parameters should be considered: 

-profile of users; 

-number of users; 

-functions of the building; 

-typology of spaces. 
 

   

    

d. Internal Consumption and Needs      

> Estimates of internal consumption and needs.     
 

Additional Specifications 

The following parameters should be considered:  

-internal heat gains;  

-electric load; 

-artificial lighting needs;  

-water consumption needs.  
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TABLE I. PROGRAM AND DATA COLLECTION  LEVEL 

PASSIVE STRATEGIES     
    

e. Other Criteria      

> Analysis of other criteria including surroundings and visual relations; social, historical and 

economic context. 
   

Additional Specifications 

The following parameters should be considered:  

-social and historical context;  

-economic context;  

-identification of protected areas or elements;  

-integration in the urban structure;  

-accessibilities;  

-visual relations.  
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TABLE II. FEASIBILITY STUDY  LEVEL 

PASSIVE STRATEGIES      
    

a. Siting    

> Site plan should be designed to balance terrain cut and fill  to reduce the need for imported or 

exported soil from the site and not damage the soil structure.  
   

> Positioning the building to fit the existing topography, soil, vegetation and drainage context to 

minimize soil erosion and preserve natural ecosystems.  
   

> Positioning the building to avoid unnecessary overshading of one building by another.     

> The proximity of the proposal to existing buildings should be considered according to thermal 

needs. 
   

 

Additional Specifications 

Building contact with adjacent constructions should be considered to increase thermal inertia and minimize 

heat dissipation; alternatively, it should be avoided to preserve each building’s access to breezes.    
 

   

    

b. Orientation    

> Orienting the building according to the geometry of the sun.      
 

Additional Specifications 

In the northern hemisphere, the longest axis of the building sh ould match the east-west axis facing the solar 

wall directly to south.  
 

   

> Orienting the building according to prevailing winds and cool breezes.     
 

Additional Specifications 

If the effects of prevailing winds are undesirable, the longest axis of the  building should be parallel or with a 

slight angle to predominant winds to protect from severe air movements.  

If the effects of prevailing winds and cool breezes are beneficial to promote natural ventilation, the longest 

axis of the building should be perpendicular to air movements.  
 

 

   

If the two guidelines above reveal to be contradictory, a reasonable compromise should be made by adopting 

other possible strategies to meet daylight and thermal needs. 
 

   

    

c. Form    

> An east-west, in the northern hemisphere, longitudinal and compact form of the building is 

favourable to reduce heat transfer and maximize sunlight.  
   

> The form of the building should be suitable to mitigate predominant wind loads, mainly in very tall 

buildings, and allow the bui lding’s access to cool breezes for natural ventilation.  
   

 

Additional Specifications 

Rounded aerodynamic profiles, angled to prevailing winds or with its narrowest face turned to the wind, may 

be considered for tall buildings.  

Gradual transitions of building height, sloped in the direction of prevailing winds, may be considered to 

minimize strong wind movements.  

The building form should avoid wind turbulence effects at ground level and building’s entrances should be 

protected from wind pressure.  
 

   

> The form of the building can be favourable for outdoor noise control.    
 

Additional Specifications 

A closed form, transitional areas between the exterior and the interior of the building or the introduction of a 

physical barrier between the noise source and the building are example of strategies that can reduce the level 

of outdoor noise entering the building.  
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TABLE II. FEASIBILITY STUDY  LEVEL 

 

PASSIVE STRATEGIES      

    

d. Envelope    

> Roof’s shape must be appropriate to regional climate conditions.      
 

Additional Specifications 

Flat roofs are appropriate for regions with a low precipitation levels while pitched roofs are appropriate for 

regions with high precipitation levels or snow.  
 

   

> Definition of glazing area according to the solar orientation of each façade.     

> Adoption of passive shading systems for solar protection.                         check guidelines III. d.    

> Minimization of building’s skin area (walls and roof) to minimize heat transfer.    

    

e. Landscape    

> Implementation of green roofs to collect water and increase thermal performance.     

> Implementation of the most appropriate height, density of foliage and spacing between 

vegetation. 
   

> Use of existing and native species to preserve natural ecosystems.    

> Planting vegetation to avoid overheating of spaces exposed to excessive solar heat gains during 

warm periods. 
   

 

Additional Specifications 

Deciduous plantation provides shade during the summer and allows insolation during the winter.  

Coniferous plantation provides shade year-round. 
 

   

> Planting vegetation to reduce prevailing winds’ velocity  and allow cool breezes to pass through 

for natural ventilation.  
   

> Plantation of tall and dense vegetation can reduce sound propagation into the interior of the 

building. 
   

> Large bodies of water or water features can be used to moderate temperature range through 

evaporative cooling.  
 

   
 

Additional Specifications 

Stil l water should be avoided as it can become a breeding ground for insects and microorganisms (such as 

legionella) that can be dangerous to human health.  
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TABLE III. PRELIMINARY DESIGN   LEVEL 

PASSIVE STRATEGIES     
    

a. Structure    

> The building design should be compatible with a structure that is resistant to natural hazards to 

assure mechanical resistance and stability.  
   

> A structure with an adaptable layout promotes flexibility to the spaces, facilitating the future reuse 

of the building and its adaptation to new functions. 
   

    

b. Internal Layout    

> Spaces should be arranged within the building according to daylight and temperature 

requirements.  
   

 

Additional Specifications 

Rooms with specific functions should be located adjacent to the most appropriate facades according to solar 

geometry. 

Clustering rooms reduces skin area and thus, heat gains.  

Rooms can be distributed vertically within buildings to benefit from temperature stratification.  
 

   

> Dimensioning rooms according to function of the building and number of users, avoids unoccupied 

spaces or areas greater than required.  
   

 

Additional Specifications 

Thin plan room arrangements, with a depth of less than 2.5 times the window height, ensure a minimum level 

and uniform distribution of daylight throughout the space and reduces he at dissipation.   
 

   

> Dividing the building into thermal zones with buffer areas (e.g. sunspaces, courtyard, atrium, 

balconies) that can receive temperature swings and protect rooms from undesirable heat or heat 

dissipation.  

   

 

Additional Specifications 

Sunspaces in cold climates can retain solar heat gain and distribute it to other spaces.  

Courtyards and atrium can receive sun light and for heating or cooling purposes.  

Balconies can be considered on south and west-facing windows, in northern latitudes, to prevent overheating 

and, at the same time, function as a shading element for windows bellow.  
 

   

> Areas with special air quality needs (e.g. bathrooms, kitchens, garbage rooms) should be 

separated from other living spaces so that pollutants generated in those areas to not mix with air 

with better quality. 

   

> Internal layout should be adapted to control noise inside the building.    
 

Additional Specifications 

The overall size and volume of rooms should be adapted to acoustic requirements, parti cularly spaces with 

specific functions such as classrooms, offices, concert halls, etc. 

Rooms can be arranged within the building so that noisy areas are not located close to areas that require  

users’ focused attention.  
 

   

    

c. Opening Elements    

> Opening elements should be planned (dimensions, exposure angle and arrangement on the 

façade) according to the activities taking place, size of the room and number of occupants to match 

daylight needs and ventilation loads.  

   

 

Additional Specifications 

South-facing windows in the northern hemisphere provide maximum solar gains.  

Opening elements can be planned to provide different light effects through direct or diffuse light.  

Vertical windows are advisable for admitting low-level sunlight in winter and promoting natural ventilation. 

The minimum area of opening elements should be about 5% of floor area to admit the most appropriate 

ventilation load. 

Large openings of equal size placed opposite to each other increases the effect of cross ventilation.  

A considerable distance between high and low openings increases the effect of stack ventilation.  
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LEVEL 

> Glare inside rooms should be avoided.     
 

Additional Specifications 

A window splay can be considered to reduce glare.  
Direct light should be avoided in working rooms to prevent glare.  
 

   

> Main doors should be located away from prevailing winds.     

    

d. Shading Elements     

> Shading elements should be planned (dimensions, exposure angle and arrangement on the 

façade) according to the solar orientation of the façade and daylight and thermal requirements.  

   
 

Additional Specifications 

Shading elements should be considered for south and west -facing windows in northern latitudes to prevent 

overheating. 
 

   

> External shading elements are preferable since the sun radiation does not reach the interior of 

the building.  
   

> The most favourable type and technology (e.g. vertical louvers, horizontal overhangs, eggcrate, 

screenings) of shading devices should be investigated.  
   

 

Additional Specifications 

Overhead horizontal shading elements protect from the high sun.  

Vertical shading elements protect from the low sun.  

Interior light shelves can be used to reflect l ight to the ceiling , which reduces glare and improves daylight 

distribution.  

Shading technology that allows diffuse light inside the building while protecting from direct light can be 

considered. 
 

   

> Vegetation can be used as a seasonal shading element.                         > check guidelines II. e.    

> Shading systems that maintain outside views are preferable, to allow a visual connection with the 

exterior world. 
   

    

e. Natural Ventilation     

> Natural ventilation should be promoted if outside air is not polluted.     
 

Additional Specifications 

If outside air is polluted, air filters should be considered to reduce contaminant concentrations.  
 

   

> Cross-ventilation should be ensured and prioritized over single-sided ventilation.    
 

Additional Specifications 

To benefit from the cross-ventilation effect, the room depth should not exceed 5 times the room height.  

If cross-ventilation is not possible, the room depth should be limited to about 2.5 times the room height.   
 

   

> Stack-ventilation should be considered to promote air circulation and cooling.     
 

Additional Specifications 

An atrium, vertical towers (windcatchers), solar chimneys, single sided double -openings and cavity ventilation 

are examples of solutions that can increase stack-ventilation effect.  
 

   

> Opening elements’  dimensions and arrangement on the façade should match the ventilation loads, 

according to the activities taking place, size of the room and number of occupants. 

> check guidelines III. c. 

   

> Night-time breezes should be considered to cool the building during the night.     

    

TABLE III. PRELIMINARY DESIGN 
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TABLE III. PRELIMINARY DESIGN  LEVEL 

f. Additional energy efficient strategies      

> Opaque elements of the building’s envelope  (roof, walls and floors) should have high thermal 

storage capacity to reduce temperature variations.  
   

 

Additional Specifications 

Besides thermal insulation, other passive strategies can be used for heating or cooling the building. A Trombe 

Wall facing south in northern latitudes can be used as a heating strategy for cold regions.  
 

   

> Natural thermal equalizers can be used for heating and cooling.    
 

Additional Specifications 

Passive ground-coupling or roof ponds can be used for purposes of heating and cooling air or water.   
Rock beds can be used for cold or heat storage.  
 

   

ACTIVE STRATAGIES     
    

g. Heating and Cooling Solutions    

> Photovoltaic panels should be considered to produce electricity for heating and cooling if the on-

site sunlight exposure period is long.  
   

 

Additional Specifications 

Photovoltaic panels can be integrated on the façade and may also function as shading systems.  

Photovoltaic panels should be oriented towards the sun and should be large enough to meet the building’s 

electric load.  
 

   

> If powered by renewable resources, other heating and cooling systems besides photovoltaic 

panels can be considered for space heating and cooling and provision of hot water.   
   

 

Additional Specifications 

Solar collectors can be used for space and water heating : 

Glazed flat-plate collectors are recommended for domestic and commercial buildings.  

Unglazed flat-plate collectors are recommended for swimming pools or to be used as a heat source for heat 

pumps since they have a low efficiency degree since they have hig h thermal losses.  

Evacuated-tube collectors are the most efficient but can be costly and are therefore mostly suitable for 

industrial buildings.  

Heat exchangers can be used for heating and cooling:  

Air-air heat exchangers can be considered for heating, cooling and ventilation. 

Ground-coupling heat exchangers through boreholes or grid pipes can be used for heating or cooling.  

Ground or surface water exchangers can be used for heating or cooling. However, great care must be taken 

to avoid contaminated water or the corrosion of installation components.  
 

   

> Heating and cooling storage should be selected so that user needs are fully met during the hours 

of higher consumption. 
   

 

Additional Specifications 

Short-term heating and cooling storage can be considered according to thermal requirements ( e.g. small water 

tanks or tank in tank systems).  

Long-term heating and cooling storage can be considered according to thermal requirements, (e.g. large water 

tanks, natural or enclosed aquifers, mixture of gravel and water sealed off from the surrounding soil, ground 

strata connected via vertical boreholes).  
 

   

> Heating and cooling distribution should be selected.    
 

Additional Specifications 

Water pipes as a medium to distribute heat can be considered since water has a higher heat capacity than air.  
 

   

> Heating and cooling output should be chosen.     
 

Additional Specifications 

Individual components for heating (e.g. radiator, floor outlet) or cooling (e.g. ceiling outlet or long-range 

nozzles) can be used for space heating and cooling.  

Heated surfaces (e.g. underfloor heating, ceiling heating) can be used for space heating.  
 

   

TABLE III. PRELIMINARY DESIGN 
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TABLE IV. DETAIL DESIGN LEVEL 

PASSIVE STRATEGIES     
    

a. Materials Selection    

Materials should be recyclable and reusable.     

Whenever possible, materials should be selected from local sources using minimum energy in 

production and transport to reduce environmental impacts.  
   

Finishing materials should be selected according to the activities taking place in each room.    

Materials should be selected based on their thermal performance.              >check guidelines IV. b.    

Finishing materials can be selected according to their colour, lightness or darkness, depending on 

the climatic context. 
   

 

Additional Specifications 

Light-colored finishing materials, mostly appropriate for hot climates, reflect solar r adiation, which means they 

reflect l ight and heat. 

Dark-colored finishing materials, mostly appropriated for cold climates, absorb solar radiation, which means 

they absorb light and heat.  
 

   

Porous absorbent materials (e.g. fibrous materials, open-celled foam) or resonance absorbent 

materials can be considered for soundproofing depending on the frequency distribution of noise to 

be absorbed and the acoustic absorption profile required. 

   

Materials that contain toxic components (e.g.VOCs, SVOCs, radon, and others) that may represent 

a risk for users’ health or cause polluting emissions should not be used. 
   

Exterior materials should be resistant to temperature fluctuations, air contaminants  and chemical 

agents (e.g. airborne salt).  
   

Materials should be protected against biological agents that might damage materials (e.g. termites 

and other pests, microorganisms, plants).  
   

Waterproof and moisture resistant materials should be selected for wet areas or where 

condensation may occur to control moisture and prevent the growth of microorganisms. 
   

Materials and components of the building should be easy to clean and maintain.    

Glass technology can be selected to balance daylighting and thermal needs.     
 

Additional Specifications 

Glass coating technology can provide dynamic control of daylight and thermal needs ( e.g. photochromic glass, 

thermochromic glass, electrochromic glass).  

Glass technology can scatter light evenly and avoid glare , although in some cases the outside view may be 

lost (e.g. light-scattering glass, diffuse glass, glass blocks).  

Glass technology can be selected for daylight directional control (e.g. prismatic glass, holographic glass, 

electrochromic glass).  
 

   

    

b. Thermal Insulation Materials    

The entire building envelope should be properly insulated to reduce heat transfers and stabilize 

interior air temperature. 
   

Materials with a lower U-value (thermal transmittance) [W/m2K] should be selected for a better 

insulation performance. 
   

Exterior insulation is advisable to control the air flow within building components and prevent 

condensation.  
   

 

Additional Specifications  

A vapor barrier on the warm side of insulation is required to prevent condensation.  
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TABLE IV. DETAIL DESIGN  

LEVEL 

A low-E (low emissivity) glass with double or triple sheets should be considered to improve thermal 

insulation capacity of glazing.  
   

 

Additional Specifications 

The spacing between each sheet of glass should not be too narrow (the insulating effect is then lost) neither 

too wide (a layer of condensation can be formed, and the low-emissivity coating loses effect) - 15 to 20 mm is 

the recommended glazing spacing for  thermal insulation.  

Glazing sheets can be partially evacuated or filled with gas instead of air for better insula tion performance.  

   

Transparent insulation materials (e.g. honeycombs) can be considered since they have a high 

transmission of solar radiation and good thermal qualities.  
   

    

c. Construction Details     

Multi-leaf facades with an air layer should be considered to improve insulation.     

Joints between the different components of the building should be airtight to minimize thermal 

bridges.  
   

A drainage system should be installed to direct rainwater away from the building.     

    

d. Water Fixtures    

The selection of low water flushing volume toilets and urinals  and low volume taps and showerheads 

is recommended.  
   

 

Additional Specifications 

The recommended average capacity of flushing tanks for toilets is 6, 4 or even 1 L.  

The recommended water flow rate of taps and showerheads is 10L/min.  

Low water flushing volume toilets include interruptible flow systems, double discharge tanks and flushing tanks 

with reduced capacity. 
 

   

The installation of waterless or dry composing toilets may be considered.     
 

Additional Specifications 

These systems require regular maintenance.  
 

   

The most favorable type of toilet flush system should be investigated to reduce water consumption.      
 

Additional Specifications 

The main types of toilet flushing systems are gravity tank, flushometer and vacuum toilets.  
 

   

Water fixtures technology can be used to reduce water consumption.     
 

Additional Specifications 

Aerator taps can reduce water flow but maintain water pressure.  

Thermostatic taps can control water temperature and avoid excessively hot water.  

Taps with solenoid valves can shut off water when not in use.  

Flow rate delimiters can regulate flow rates.  
 

   

    

e. Building Management    

An operation and maintenance manual with important information about the building should be 

provided to the users.  
   

A computerized building management system can be installed to automatically regulate energy 

and lighting requirements, security, lift operation and several other functions. 
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TABLE IV. DETAIL DESIGN  
LEVEL 

ACTIVE STRATEGIES    
      

f. Low Consumption Devices      

Energy efficient appliances (e.g. artificial lighting, refrigerators, freezers) and equipment should be 

selected.  
   

CFLs, LEDs or other energy saving lamps should be selected.    

Artificial light should be optimized to meet users’ needs.    
 

Additional Specifications 

Occupancy detection or time control systems should be installed to provide automatic light control. 

Daylight sensors can be considered to adjust artif icial light intensity according to the incoming natural luminous 

flux. 

Artificial light control should be sectioned so that individual rows can be switched on or off as needed.  
 

   

The type, arrangement and number of luminaires should be appropriate to room functions.    
 

Additional Specifications 

Task lighting is appropriate for localized activities that require focus.   

Amenity lighting is appropriate for overall space illumination.  

Spot lighting is appropriate for punctual il lumination.  
 

   

The color of lamps should be appropriate to room functions.    
 

Additional Specifications 

White-colored lamps are similar to natural daylight and should be chosen for rooms where focused attention 

is required. 

Warm-colored lamps should be chosen for a comfortable and relaxed atmosphere.  
 

   

Water efficient appliances (e.g. dishwashers, washing machines) should be installed.  
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Appendix B 
 

Survey 

 

1. Clarify your professional situation: 

 

Professional situation of the respondants. 

 

 

 

 

 

 

 

 

 
 

 Answer  Answers Ratio  

 Architecture student. 70 32,3% 

 Architect and is responsible for designing projects.  81 37,3% 

 Architect and collaborates in the design of projects.  48 22,1% 

 Architect but does not practice the profession.  18 8,3% 

 

2. Age group: 

Age group of the respondants. 

 

 

 

 

 

 

 

 

 

 
 

 Answer  Answers Ratio  

 ≤ 25 years 68 31,3% 

 26-35 years 28 12,9% 

 36-45 years 60 27,6% 

 46-55 years 44 20,3% 

 ≥ 56 years 17 7,8% 

32,3%

37,3%

22,1%

8,3%

31,3%

12,9%
27,6%

20,3%

7,8 %
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3. Are you familiar with the concept of sustainability? 

 

Familiarity of the respondents with the concept of sustainability. 

 

 

 

 

 

 

 

 

 
 

 Answer  Answers Ratio  

 Yes. 213 98,2% 

 No. 4 1,8% 

 

 

4. Do you consider that the concept of sustainability should be contemplated during 

architecture design process? 

 

 

Opinion about  the importance of sustainability in architectural design process. 

 

 

 

 

 

 

 

 

 

 

  

 Answer  Answers Ratio  

 Yes. 217 100% 

 No. 0 0% 

 

 

98,2%

1,8%

100%

0%
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5. From the following sustainability indicators, specify the degree of importance that, in your 

opinion, should be attributed during architecture design process.  

 

Importance of the selectected key indicators in architectural design process. 

 

 

 

 

 

 

 

 

 

 

   Less Important  Important  Very Important 

 Indoor Air Quality  3  64  150 

 Energy Efficiency   1  32  184 

 Acoustic Comfort  4  79  134 

 Durability of the Building  2  77  138 

 Potable Water Conservation  4  53  160 
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6. Specify the design phase(s) where you consider the implementation of strategies is more 

important so that each of the following indicators is verified.  

 

Importance of architectural design phases for the implementation of strategies to validate each indicator.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 Program and 

Data collection 
 

Feasibility 

Study 
 

Preliminary 

Design 
 Detailed Design 

 Indoor Air Quality  40  82  95  78 

 Energy Efficiency   72  86  87  72 

 Acoustic Comfort  48  67  87  88 

 Durability of the Building  71  82  89  66 

 Potable Water Conservation  63  74  81  82 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

50

100

150

200

Indoor Air Quality Energy Efficiency Acoustic Comfort Durability of the

Building

Potable Water

Conservation



 

75 

 

7. Which of the following strategies do you introduce in your architectural design method for 

the implementation of sustainability? 

 

Strategies introduced by the respondents in the architectural design method to implement sustainability.  

 

 

 

 

 

 

 

 

 
 

 

 Answer  Answers Ratio  

 Reduction of consumption of non-renewable resources. 87 40,1% 

 Reduction of impermeabilized areas. 90 41,5% 

 Formal conception of the proposal (e.g. solar access, soil, vegetation, water resources, 

natural areas, among others). 
169 77,9% 

 Use of adequate thermal and acoustic insulation levels. 151 69,6% 

 Use of reusable and/or recyclable materials. 74 34,1% 

 Use of low maintenance materials.  132 60,8% 

 Implementation of strategies for greywater recycle.    55 25,3% 

 Designing of flexible spaces for future reuse or adaptation of the building to new 

functions.  
117 53,9% 

 Use of strategies for acoustic comfort.  62 28,6% 

 Others. Give examples. 9 4,2% 

 

 

       Examples given: 

- “Intervention based on local economies; accounting of incorporated energy of materials/elements in 

energetic balance; users’ inclusion.”  

- “Use of vegetation for bioclimatic comfort.”  

- “Separation and recycling during construction.” 

- “All, depending on the program and site, prioritizing passive and bioclimatic strategies, and reduction of 

resources.” 

- “Reuse of harvesting water”.  

- “Implementation of renewable resources systems”.  

- “Shading with vegetation; windows layout  according to the orientation of the façade.”  

- “Use of rainwater for the domestic grid.”  

- “The developer always has the final decision; costs are important for the decision.”  
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8. How do you evaluate the implementation of sustainability in your projects duri ng the design 

process? 

 

Evaluation of the implementation of sustainability in the architectural design process.  

 

 

 

 Answer  Answers Ratio  

 I evaluate empirically.  99 45,6% 

 I use an evaluation system developed by me or my team. 30 13,8% 

 I use commercial evaluation systems (e.g. LiderA, LEED, BREEAM, CASBEE). 17 7,8% 

 I do not evaluate. 65 30,0% 

 Other. Which? 6 2,8% 

 

      Examples given: 

 

- “Empirical evaluation on the predesign phase and recheck the result at a posterior phase.”  

- “I look for help in the designers from other specialties.”  

- “Based on specialized technical support.”  

- “Sustainability books for architecture”  

- “I don’t know.” 

- “I consult engineers or specialized technicians.”  
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In case you do not have any method to evaluate the implementation of sustainability in your 

projects, jump question 10. 

 

9. Do you consider that the method you use to evaluate the implementation of sustainability 

in your projects is reliable and easy to use? 

 

Opinion about the reliability and practicality of the respondents’ evaluation method. 

 

 

 

 

 

 

 

 

 

 Answer  Answers Ratio  

 Yes. 77 61,6% 

 No. 48 38,4% 

 

 

 

10. In your opinion, are commercial sustainability assessment systems (e.g. LiderA, LEED, 

BREEAM, CASBEE) adequate to support the design phase of the  project? 

 

Evaluation of sustainability in the architectural design process. 

 

 

 

 

 

 

 

 

 

 Answer  Answers Ratio  

 Yes. 56 25,8% 

 No. 5 2,3% 

 I do not know. 156 71,9% 
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11. Which of the following methods do you consider most effective to ensure the 

implementation of sustainability into the architectural design process?  

 

Opinion about the most effective methos to ensure the implementation of sustainability in architectural design 

process.  

 

 

 Answer  Answers Ratio  

 Empirical methods. 8 3,7% 

 Systematic methods with theoretical foundations adapted to architectural design 

process.  
107 49,3% 

 Sustainability commercial evaluation systems (e.g. LiderA, LEED, BREEAM, 

CASBEE). 
30 13,8% 

 I do not know. 69 31,8% 

 Other method. Which one? 3 1,4% 

 

      Examples given: 
 

- “Depends of the project.” 

- “They complement each other, and experience is also important.”  

- “All of the above.” 
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