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ABSTRACT

This research studies the influence of architectural education and early work
experience of a group of architects, whose work shows strong features of bioclimatic
integration (such as Lele and Severiano Porto in Brazil and Spencer de Grey and Mario
Cucinella in Europe). It also evaluates the relation of this background with their
understanding of architecture itself and, consequently, with their understanding of their
professional role. Nevertheless, the research also evaluates the principles and beliefs
translated in their design philosophy, which affects their main considerations and approach
to the design problem, regarding the integration of bioclimatic issues. It also embraces the
evaluation of the impact of requirements of energy efficiency in building regulations on the
integration of bioclimatic concepts into architectural design. Therefore, these evaluations
also provided the information to establish a relation between background and practice.
Establishing this relationship, the related problems or effective examples of the
consideration of bioclimatic concepts in design were recognized and synthesized.

The analysis of their individual experiences, through semi-structured interviews,
indicates that the integration of bioclimatic concepts into design is beyond the
development or improvement of tools. First of all, it is fundamental that these concepts are
part of the design philosophy of the professional, which is determinant on the application of
research and innovation in architectural practice. Therefore, before the tools, the formal
education can be a tool to promote the integration of these principles into their design
philosophy. It happened in the cases in which there was a commitment of the school to
develop a technical knowledge base in building physics through studio activities, with
emphasis on the aesthetic character of environmental integration. This knowledge can be
consolidated in the contact with the building site construction, which also strengthens the
ethical commitment regarding the quality of the built object. It has the potential to generate
confidence on the consideration of bioclimatic issues, also making it easier to get the right
information from available resources and tools, via a critical understanding of the different
issues.
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1 INTRODUCTION

Buildings use at least 50% of all the energy produced in our planet for heating,
cooling, lighting and in the industries and building construction (ERG et al., 1999). So the
biggest part of this consumption is directly related to architectural aspects and the use of
the space. And in this case, the environmental integration of the building design through
passive strategies presents a very good potential of energy saving.

In the 1960's the environmental movement started to play an important role
inspired by iconic publications such as Silent Spring written by Rachel Carson, in 1962
(CARSON, 2002). So, the first actions regarding a more conscious environmental attitude
started to be explored in many fields. In 1963 the term bioclimatic was used for the first
time by Victor Olgyay. Among other achievements in bioclimatology, he developed a
bioclimatic chart, which relates climatic data to thermal comfort limits, to identify design
strategies (OLGYAY, 1973). So, bioclimatology relates the study of the climate
(climatology) to the human beings. The bioclimatic design is an approach that takes
advantage of the climate through the right application of design elements and building
technology for energy saving as well as to ensure comfortable conditions into buildings
(GOULART and PITTA, 1994; ERG et al., 1999). If this approach is considered since the
first design stages it has an even higher potential to save energy.

However, despite the proven advantage of integrating bioclimatic concepts into
building design, there is a considerable difficulty in their real application, mainly in the early
design stages, in which the main design solutions are defined (ROWE, 1987). The
scientific knowledge accumulated since the 70’s, with the definition of guidelines, analysis
tools, case studies, among other results, has improved and developed a consolidated
technical field in energy efficiency. But it has not demonstrated an effective influence on
architects’ design practices. There is a gap between the academic knowledge and the
practice. Tombazis (2002) states that “bioclimatic design has indeed come a long way, but
unfortunately at the same time it still has a long way to go before it is to be universally
accepted by architects and the other members of the design team as being part of
architectural design and not just a fad that will blow away with all the other “isms” that have
come and gone.”

Although issues of design methods and research have been articulated to integrate
objective methods in practicing design (CROSS, 2000), for most of the architects and the
general public, bioclimatic architecture is still a collection of additional equipment and

technology. Bioclimatic concepts are not really part of the design concept. In a study
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developed in Kuwait, Touman and Al-Ajmi (TOUMAN and AL-AJMI, 2005) point out that
neglecting the climate as a design consideration is one of the main reasons for failures in
building performance.

Also, the efforts to introduce these themes are not based on architects’ real design
needs. Furthermore, the appeal to the integration of these concepts has been based
mostly on the economic appeal, which seems very limited; although in Europe legislation
has had a gradual impact, particularly in Germany. Nevertheless, there is no consolidated
information about what are the real barriers to bioclimatic integration.

It emphasizes the importance of identifying the parameters usually manipulated in
the design process and the way bioclimatic concepts are considered in this process.
These indications can constitute a set of fundamental information to develop or to improve
a methodology to the effective integration of bioclimatic concepts into architectural design,
regarding architects’ real design needs.

Therefore, this research studies the influence of architectural education and early
experience in architecture of a group of twelve architects, whose work is renowned by
strong features of bioclimatic integration. It also evaluates the relation of this background
with their understanding of architecture itself and, consequently, with their understanding
of their role as professionals. Nevertheless, the research also evaluates the principles and
beliefs translated in their design philosophy, which affects their main considerations and
approach to the design problem, regarding the integration of bioclimatic issues.

The analysis of their individual experiences was done through semi-structured
interviews. Regarding the importance that searching for building references assumes in
architectural practice, the choice for renowned architects was settled to guarantee the
reliability of the results and that their work would be accessible to readers interested in the
present research.

The first amount of data was bigger than the twelve architects. However, there
were some cases that, although the interviewee classified his work as “environmentally
integrated”, during the interview process strong conflicts of knowledge regarding
bioclimatic concepts were identified. It agrees with Tombazis (TOMBAZIS, 2002) when he
points out the increasing number of present day architecture which pretend that they are
bioclimatically sound but in reality pick and choose only what can give some “in vogue”,
pictorial components of value for their design. And in this case it is often based only on
extra unneeded technology or complicated M/E systems. In other cases, the speech was
conceptually strong but the work of the architect would not be clearly focused on

bioclimatic design solutions. In both cases the interview material was not used and three
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interviews were eliminated. The data was limited to the architects, whose work showed the
evidence of strategies to environmental integration to maximize internal comfort, being
coherent to the concept of bioclimatic design.

Issues such as age, size of practice and buildings end-use, were not a limitation or
distinguished on the selection of these architects and on the following evaluations because
the first focus of investigation was on the principles which would guide and influence their
design philosophy on the approach to design. Nevertheless, it would be before the first
sketch and prior to the mentioned issues. In this case, it is their background that would
assume a central role on the investigation. However, the implications of different social
contexts were distinguished when the investigation focused on specific constraints of
practice, such as the evaluation of the impact of building regulations and particular energy
efficiency requirements on the integration of bioclimatic concepts into architectural design.

Therefore, these evaluations also search for information to establish a relation
between background and practice. Establishing this relationship, the related problems or
effective examples to stimulate the consideration of bioclimatic concepts in design can be

recognized and synthesized.
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1.1 RESEARCH QUESTIONS AND OBJECTIVES

The main research questions of this research are:

o Why, despite all developed knowledge in building energy efficiency and
bioclimatic design, most of the architects do not integrate it into design?

o Why some of them do integrate it?

e How does it happen?
1.1.1 Main Goal

The main goal is the determination of the fundamental influences and practices to
the real integration of bioclimatic concepts into building design, based on architects’ real

needs and practices related to the definition of the design concept.
1.1.2 Specific goals

¢ Identifying the design aspects and principles usually manipulated to define the
design concept.

¢ Identifying the necessary level of understanding of bioclimatic concepts and
building physics, to their effective integration into building design.

¢ ldentifying influential issues on bioclimatic integration related to different social,
political or economical contexts.

o Identifying the influence caused by the existence of green labels and
requirements of energy efficiency and thermal comfort in building
regulation.

o Identifying positive and negative aspects of support tools and

devices based on the experience of architects.
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1.2 OUTLINE OF THE THESIS/ OVERVIEW

The introduction and the research questions and objectives of the research are
presented in Chapter 1.

Chapter 2 presents the literature review that was developed to bring the most
influential themes related to the problem of integration of bioclimatic issues into the
architectural design. It approaches the influence of the architectural expression and design
on the energy consume of buildings and their impact on global energy consumption.
Furthermore, it defines the concept of bioclimatology and its consideration or not in the
design process. The chapter also approaches the history of environmental concerns in
architecture into which concerns on bioclimatic design can be contextualized.
Nevertheless, design tools, energy efficiency requirements of regulations and standards
and the role of professional institutions are also presented and discussed.

Chapter 3 describes the applied methodology to achieve the defined goals of the
research. Therefore, it describes the approached topics through the adoption of a
qualitative research and the application of semi-structured interviews with selected
architects.

Chapter 4 discusses the results acquired from the interviews according to the
framework based on a phenomenological and cognitive approach to the process of
perception and understanding of the problem. It discussed separately, the results related
to the main influences on the design philosophy and knowledge base, the considered
conditions and guiding principles, the main features of professional practice in architecture,
the aids and interactions in the design process, the identified problems, the possible
solutions and the effect of building regulations.

Chapter 5 presents and discusses the main findings that provide answers to the
research questions. Based on these findings this chapter proposes actions to promote the
integration of bioclimatic issues into architectural design and suggests future research
themes following the findings of this research.

The appendix A presents the topic guides applied to each interview.

The appendix B presents the material of the categorization of each interview,
available only in CD-ROOM.

The appendix C presents the condensation through the drawing panels of each
interview.

The appendix D presents the spreadsheet of the grouping analysis, available only
in CD-ROOM.
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2 LITERATURE REVIEW
This chapter brings the most influential themes related to the problem of integration

of bioclimatic issues into the architectural design. It approaches the influence of
architectural expression and design on energy consume of buildings and their impact on
global energy consumption. It approaches the concept of bioclimatology and its
consideration, or not, in the design process. Nevertheless, design tools, energy efficiency
requirements of regulations and standards and the role of professional institutions are also
presented and discussed.

2.1 IMPACT OF BUILDINGS ON ENERGY CONSUMPTION

According to data of the ENERGY RESEARCH GROUP (ERG, 1999), the
edifications use at least 50% of all the energy used in our planet. Most of this amount
refers to fuel for heating, cooling and lighting and the rest of it for the industries and
building construction. In the European Community, the residential and tertiary sector, the
major part of which are buildings, accounts for more than 40% of final energy consumption
in the Community. And it is expanding, a trend which is bound to increase its energy
consumption and hence also its carbon dioxide emissions, which are one of the
responsible for the global warming (EC, 2003). Therefore, the buildings are responsible for
47% of carbon dioxide emissions across the 25 nations of the European Union. And
despite all the international conventions, carbon dioxide emissions from developed
countries are showing little sign of decreasing (SMITH, 2005).

Until the early 20™ century, the only way to control the indoor climate was through
passive strategies. With the introduction of mechanical building services, it became a
separate profession (HARTOG, 2004). The evolution of technology and the development
of new artificial systems for lighting and air conditioning, as for example the air
conditioning equipment developed by Willis H. Carrier in 1902 (TURNER et al., 2002),
were great contributions for the internal thermal comfort of buildings. However, for some
time, these new systems and the availability of cheap energy made the architects ignore
the climatic characteristics of each region, resulting in dependence and indiscriminate use
of such systems. Therefore, the majority of global energy use is employed in reducing the
impact of the natural environment on us.

According to Geller, “just the air conditioning equipments represent 20% of the
commercial consumption in Brazil” (GELLER, 1994). Artificial air conditioning in buildings
in recent years have become the more representative final use in what concerns energy

consumption due to a raise in the demands for comfort made by users and building
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inefficiencies. The same has happened in southern European countries, which have seen
a rise in the number of air-conditioning systems. This creates considerable problems at
peak load times, increasing the cost of electricity and disrupting the energy balance in
those countries. The European Community emphasizes in its directive on the energy
performance of buildings (EC, 2003) that priority should be given to strategies which
enhance the thermal performance of buildings during the summer period. To this end there
should be further development of passive cooling techniques, primarily those that improve
indoor climatic conditions and the microclimate around buildings.

Therefore most of the energy consumption in commercial buildings and offices is
related almost exclusively to architectural aspects, because the final uses such as lighting
and air conditioning are directly related to the type of architecture and occupation of the
space. Building’s form and orientation have been ignoring the local climate and it had
severe effect on emissions. It also suppressed many experimental qualities that a concern
with climatic issues had previously inspired. It is related to the phenomena in which cities
and buildings through the world have begun to look the same, irrespective of location. In
developing countries the problems generated by the importation of universal forms of
architecture are particularly acute (FISHER, 2004; ROAF, 2004).

Broadbent notices that to avoid the problems that can arise from inappropriate
styles, such as the glass curtain-wall, contributions from an adequate base of theory are
necessary. Therefore, it would be necessary a changing of paradigms, to change the
phenomena with which architects deal (BROADBENT, 2004). It's necessary to think about
it and to integrate the architectural design to environmental questions, minimizing the need
for auxiliary equipment and, consequently, reducing energy consumption. Buildings will
have an impact on long-term energy consumption and new buildings should, therefore,
meet minimum energy performance requirements, tailored to the local climate. Best
practice should in this respect be geared to the optimum use of factors relevant to
enhancing energy performance (EC, 2003).

According to Doug Seiter, Administrator of the program Austin Energy Star, in
Austin, Texas, by improving the energy efficiency in residences, in 1991, the program
saved about 165,000 dollars, which would be spent on residential heating or cooling,
conserved 617,000 kWh and avoided the emission of 378,000 kilograms of carbon dioxide
(DOE, 1995).

Therefore, such as emphasized by Peter Smith (SMITH, 2005), it is appropriate
that the design and construction of buildings should be the prime factor in the drive to

decrease the effects of climate change. And one of the guiding principles should be the

MACIEL, A.A.



8

integrated design, meaning a constructive dialogue between architects and service

engineers in defining the design concept.

2.2 THE BIOCLIMATIC DESIGN
Bioclimatology relates the study of the climate (climatology) to the human beings.

The bioclimatic design is an approach that takes advantage of the climate through the right
application of design elements and building technology to control the heat transfer
process. Therefore, this control promotes energy saving as well as ensures comfortable
conditions into buildings (GOULART and PITTA, 1994; ERG, 1999).

In this case, the bioclimatic design is indeed specifically related to the
understanding of local climatic features and to the application of passive strategies related
to this understanding. According to GIVONI (1994), the term ‘passive’ does not exclude
the use of mechanical equipment when necessary, if it is used to increase the
performance of the system. Therefore, the bioclimatic design differentiates itself from what
is called sustainable design. The sustainable approach is looked from the perspective of
the impact of the building on the local environment in which it also embrace the embodied
energy of the material and its durability and the use of water and energy. In the bioclimatic
approach, energy saving and a lower environmental impact are consequences of the
integration of the design solution to local climatic features to achieve better comfortable
conditions and it is not necessarily limited by the building material. There is also the
concept of solar architecture, which was “high-technologically” driven and mostly focused
on thermal heating solutions. The term appeared after the oil crisis of the 70"s but
gradually fade away because, such as WINES (2000) points out, the components of
environmental technology were treated as “installed” rather than “expressed” elements of
design. However, such as Tombazis (2000) says “there is no such thing as non-solar
buildings! There are just some that are clever and others that are stupid.”

The association of these concepts to building design since the first stages of the
design process has an even higher potential to save energy while maintaining the comfort
of their inhabitants. In the parametric evaluation of basic design parameters of four air
conditioned buildings in Sao Paulo, Roméro demonstrates the potential of up to 12,1% of
energy conservation (ROMERO, 1998). Gratia and de Herde point out that, architectural
solutions directly explored during the early stages, such as the overall form of the building,
the depth and height of rooms and the size of windows can together have a fundamental
influence on the eventual energy consumption of the finished building. They can also
influence the daylight levels and increase the summer temperatures (GRATIA and
HERDE, 2003).
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Despite the proven advantage of integrating bioclimatic concepts into building
design, there is a considerable difficulty in their real application, mainly in the early design
stages, in which the main design solutions are defined. The design process is difficult to be
put into a model due to its non-linearity and to the direct influence of architect’'s particular
practices. However, as mentioned by ROWE (1987), it is possible to identify some
common aspects, such as the definition of guidelines to help the decisions and the use of
basic guidelines as starting points.

In order to implement a bioclimatic design it is necessary that architects start to
consider among the complex number of constraints to be managed in the design, the
thermal problem, which involves the double consideration of energy consumption and
comfort.

However, there is some difficulty in incorporating these questions. All the scientific
knowledge accumulated since the 70’'s, with definition of guidelines, analysis tools, case
studies, monitored data, among other results has improved and developed a consolidated
technical field in energy efficiency. But it has not demonstrated an effective influence on
mainstream architecture.

Architects’ discourse concentrates on aesthetic issues, while the analysis of the
environmental strategy receives considerable less attention. Steane and Steemers
recognize that is surprising how frequently either occupation patterns or the views of
occupants have been ignored, “as if commentary on how buildings are inhabited somehow
diverts attention from the finished artefact that is the building itself” (STEEMERS and
STEANE, 2004). According to Stasinopoulos for most of the architects and the general
public, the bioclimatic architecture is still a collection of equipment and technology and not
a proposal to be implemented first through the architectural design (STASINOPOULOS,
1993).

Stasinopoulos indicates that bioclimatic architecture has become just a method to
reduce the energy consumption and the act of energy saving is much more motivated by
necessity than by choice. So, focusing on the dissemination of the bioclimatic design on
the grounds of economy is of limited appeal. Furthermore, WINES (2000) also notices that
even in well publicized “ecological buildings” there is almost no visible evidence of any
attempt to resolve these contributions in terms of art. It is necessary to create and to
promote an architectural language really integrated and of appealing visual message.

Some studies, based on structured interviews or questionnaires with architects
regarding their working process, indicates that, although agreeing with the importance and

benefits of energy efficiency issues in design, few architects actually apply these
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principles. In the evaluation of questionnaires of 650 architects members of the Royal
Australian Institute of Architects (RAIA) (62% answered the questionnaires), Sabine
Wittmann observed that 56% showed a weak commitment to these questions, although
90% considered the energy efficient design important (WITTMANN, 1998). In a similar
research with the application of questionnaires to students, professors and architects in
Brisbane, Australia, Pedrini obtained results between 3.5 and 4.2 in a scale of 1 to 5,
regarding the consideration of energy efficient design issues (PEDRINI, 2002).

In an open research question of Wittmann’s questionnaire, related to the main
considerations in the design process and quality criteria, the energy efficiency principle got
30% of the indications (WITTMANN, 1998). Therefore, less than one third of the
interviewees consider it one of their main design considerations. This situation can be
related to the results of PEDRINI’s research, in which the interviewed architects point out
the intuition as a fundamental approach to the definition of the design concept. However,
the scientific thinking and the use of charts and diagrams, to which the energy efficiency
principles are related to, are not presented as relevant methods in this stage. PEDRINI
(2002) also notices that during the definition of the design concept the interviewees are
focused on the definition of the building geometry. Component properties are a secondary
concern, followed by air conditioning systems and artificial lighting systems. In a survey
applied, mostly to students and academics of architecture in Macei6- Brazil, the
understanding of general principles was indicated as prevailing, although particular
aspects of the building geometry are not considered properly (TOLEDO and PEREIRA,
2005).

However, the more specialized they are in energy efficiency, the more conscious
on the environmental impact of their designs choices. In the work of PEDRINI (2002), only
the graduated students indicated the analyses of available climatic variables as a routine
for the climatic evaluation as opposed to a simple visit to the location, which was
suggested by most of the interviewees.

Therefore, the problem is highlighted and statistically identified through these
surveys; however there is no concrete evaluation of its reasons and its relation to the
design practice. Tuschinski points out that this lack of commitment is related to the
difficulty of access to the growing flux of information. Most of the currently available
material is based on theoretical studies regarding technical thermal performance of
buildings, lacking an efficient parallel to the practical design experience (TUSCHINSKI,
1997).
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The work developed by Fernandez, presents an evaluation of the relation between
the conception process and the integration of guidelines of energy efficiency to
professional practice. The interviewed designers identify three distinct domains regarding
the gquidelines: local implementation (orientation, projections, vegetation, openings
location...), treatment of density (inertia, insulation, opening typologies, spaces...) and
complementary systems (regulation, performance and equipment) (FERNANDEZ, 1998).
The bioclimatic issues are considered in the evaluation to identify their relation to design
methods, however the way in which the architect deals with these matters in the design is
not investigated. It could be observed that according to the sensitivity of each interviewee
there was a preference for this or that method, but not exclusively for one, and there was
no direct relationship between the designer’s background and the coherent integration of

environmental guiding principles.

2.2.1 Design tools for energy efficiency and bioclimatic integration

According to MARSH (1997) the name design tool is generally applied to a large
amount of techniques, ranging from tabulated data on spread sheets and manual
calculation methods to sophisticated programs on computational analysis. However, it may
be observed that although they're classified by researchers as design tools, most of them
focus more on the analysis of the consolidated project than on the decision making during
the design.

It's necessary to understand that the tool will always be based on a theoretical
model, in which estimations are made. To identify the most appropriate tool to your
objectives it's necessary to observe the functionality of the tool. It includes which input
data, the calculation method, the functions related to energy efficiency and environmental
design and the required format of the output of the results.

SHAVIV classifies the design tools in two types, generators and those for
performance analysis. The generative tools help in the definition of the geometry and
generally require few input data and provide an envelope with many possible solutions
(SHAVIV, 1999). These tools can be also referred to as qualitative tools because they
provide general information and guidance to support the definition of the design concept
itself and are precedent to any specific detail of the defined project. Therefore, design
guidance reports, best practice and environmental assessment methods can work as
qualitative design tools. Specific tools that inform about solar shading conditions are also
qualitative or generative because they support the definition of primary decisions such as

the building orientation. Some qualitative tools use expert systems that are based on rules-
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of-thumb and acquired knowledge to support a global analysis of the design choices, such
as the orientation, geometry and site treatment.

The performance analysis or quantitative tools, on the other hand, analyze
quantitatively the performance of a given design. According to the definition of the
European Community, the energy performance of a building is related to the amount of
energy actually consumed or estimated to meet the different needs associated with a
standardised use of the building, which may include, inter alia, heating, hot water heating,
cooling, ventilation and lighting. This amount shall be reflected in one or more numeric
indicators which have been calculated, taking into account insulation, technical and
installation characteristics, design and positioning in relation to climatic aspects, solar
exposure and influence of neighbouring structures, own-energy generation and other
factors, including indoor climate, that influence the energy demand (EC, 2003).

Therefore, the tools related to performance analysis require the complete
description of the building, thus they only evaluate the performance of a detailed solution.
Marsh points out that computer tools in this area have focused on the accurate simulation
of essential physical processes such as the mechanisms of heat flux transmittance
through materials, turbulent air movements and the inter-reflection of light (MARSH, 1997).
The simulation of these processes requires complex and detailed algorithms that demand
a large number of input data.

For the bioclimatic design, the adequacy of design solutions to local climatic
features is essential. A design tool can help on the interpretation of climatic data to guide
the decision-making. This type of tool can be classified as a generative tool.

During the 80’s some efforts were made to translate climatic information into an
understandable format to the user. Aroztegui developed an innovative application of solar
radiation data on the solar diagram, which helped the joint interpretation of these data to
the design of solar shading (AROZTEGUI, 1980). Mahoney Tables" are a pioneer tool
because they relate local climatic data to comfort limits, according to day and night
periods, for the identification of specific design strategies. Bioclimatic charts were
developed for the analysis of climatic data in order to establish design strategies. Olgyay
was the first to develop a bioclimatic diagram in 1963, called Bioclimatic Chart (OLGYAY,
1973). This method relates the variables of dry bulb temperature and relative humidity and
suggests strategies, such as natural ventilation and use of solar gains in the winter, as part
of a philosophy of design. In a research of the educational effectiveness of using

Bioclimatic Charts in a design exercise, McCartney and Matsika, identified that the use of
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the chart offers effective support in designing for buildings in areas known only through
abstract climatic statistics. It was improved through clearer representation of the design
strategies in relation to zones of the chart (MCCARTNEY and MATSIKA, 2004).

It is possible to identify four main branches of tools for bioclimatic evaluation; 1)
Tools related to the design of solar shading, using solar diagrams; 2) Tools for the
systematization of climatic data; 3) Educational tools promoting the understanding
concepts related to passive design and climatic integration and, finally; 4) The tools which
associate climatic features with design strategies, generally through bioclimatic charts.

Environmental assessment methods, developed by government commissions, work
as educational tools because they provide access to meaningful environmental data and
information that helps on the decision of making-process to evaluate the environmental
implications of some choices before building takes place. The existence of this kind of
assessment contributes to studies, reports and guidance documents that promote the

effectiveness of the assessment (http:/ec.europa.eu/environment/eia/lhome.htm- (EC,

2003)). Guidelines also provide designers and the building industry with the best practice
information on the development of environmental assessments and management plans.
Best practice databases and programs are a powerful tool to demonstrate practical ways
in which designers, developers and governments are working to improve the design of
buildings regarding local climatic features and environmental conditions.

Some tools also aim at the integration of guidelines with simulation models. By
means of expert systems, the architect is guided through the decision of making process
with the application of guidelines and, whenever these cannot be applied, the system
guides the designer using simulation models with precise methods. In the directory of
design tools to building energy performance?, it is possible to check the main tools
available to design professionals and researchers. The Table 1 shows a range of available

design tools for climatic and performance analysis.

! http://cma.alphalink.com.au/carim.html
2 www.eere.energy.gov/buildings/tools_directory
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Table 1- Generators and performance analysis tools

Grou
Software Source Description Observations p
OVERHANG Sustainable Design Use of the solar chart- immediate response about |,
DESIGN (www.sundesign.com/) solar position and dimension of solar protections. | '
SUNPOSITION Input data: location, window area, period of the g
SUNPATH year. 0,
SUNANGLE None of them relates solar incidence to thermal %
SUNCAST IES (www.ies4d.com), three-dimensional model discomfort periods for an evaluation of the real o
LUZ DO SOL Mauricio Roriz- UFSCAR | visualizing direct and diffuse radiation through the need for shading. 8
(www.labeee.ufsc.br) openings throughout the day and the year o
SHADOWCALC | CA Design Associates "
ULATOR (www.shadowfx.com.uk) 9:";
SHADOWFX animation of the shade. Changing of the size of o
protections in the drawing 8
SUN CHART | Optical Physics Technology | calculates and plots cylindrical or polar solar charts and 0)
SOLAR (www.srv.net/opt/sunchrt.html) calculates the shaded portion according to window area g
DESIGN and size of obstruction o)
SOLAR 2 Murray Milne | visualizing direct and diffuse radiation through the N
(http://www.aud.ucla.edu/ener | openings. Gives the percentage of window area that o
agy-design-tools) gets direct solar radiation on the window and a monthly Q
summary of these information. o
AWNSHADE Florida Solar Energy Center | calculate the unshaded fraction of windows to any given c
(www.fsec.ucf.edu) orientation. Calculations are made for direct radiation 2
LESOSHADE Solar Energy and Building Physics | but not for diffuse components §
Laboratory (lesowww.epfl.ch/) <
SUNSPEC Florida Solar Energy Center | calculates direct radiation and diffuse irradiance and the | large amount of input data is needed such as ®
(www.fsec.ucf.edu) sum of both according to the solar position. calculates | ozone concentration, water steam, cloudiness,
the incident irradiance on an arbitrary plan due to direct | ground reflectivity, azimuth and solar altitude.
radiation, diffuse from the sky and reflections from the
ground.
WINDOW HEAT | Sustainable Design solar gains through glass surfaces, with simplified input
GAIN (www.susdesign.com) data such as location, monthly sky brightness, format,
type and orientation of the window
SUNDI Volker Quaschning- Solargruppe | simplified calculation for cold situations, showing
(http://emsolar.ee.tu- thermal losses through tables and graphs.
berlin.de/simulation/sundi.html)
ANALYSIS LabEEE (www.labeee.ufsc.br) Visualization of solar chart with hourly temperatures or | Design of solar shading can be done according to
SOL-AR solar radiation together with the local wind chart. its real need.

14
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Software

Source

Observations

Description Group
CLIMPRO ROBINSON, 2003 Treats climatic variables in an electronic spread | visualization of the joint behaviour of different N
sheet. Auxiliary drawing graphs relating solar, natural | variables. &)
illumination, synopticals and ground parameters. o
visualization, side by side, of the graphs. o
UEXTREME ASHRAE systematizes sequences of climatic data for periods | Intended to support energy simulation programs 3
S . of one week of a specific month for 329 American =3
(http://xp10.ashrae.org/bookstore/b | . N
ocations )
IWEC ookstore.html) holds files TMY in ASCII format =
IWEC2 typical hourly data obtained in a form similar to TMY. S
calculated for the official local time for Canadian and =
American locations Q
WEATHER large data bank for hourly climatic data. It allows for | visualization of the joint behaviour of different 3
DATA the formatting of output data variables. 2o
VIEWER, there is no interpretation of data, correlating them o g
BIN MAKER | Interenergy software | visualization through the systematization and | to architectural design solutions. 8— @
PRO (www.interenergysoftware.com) treatment of ASHRAE climatic data in TMY-2 format, Y §
in spreadsheets. o
CLIMATE 1 | Manfred Mueller | climatic Atlas with data of over 1200 world stations, Q
(www.climatel.com) local maps with climatic classifications and the solar o
chart. visualization, side by side, of the graphs. g
IPSE/SOLA | Energy Research Group description of the relevant physical proprieties of the | focus on the formulation of an energy efficient w | =
RARCH materials and a psychrometric chart with specified | design, describing the influence of the building ch )
comfort zones and strategies. main requirements of | implantation, the physical properties of the o | <
the Thermal Sections of the UK Building Regulations | envelope and the organization and occupation of % ®
and embodied energy tables. spaces. Q
BATMAN Solar Energy and Building Physics | Use of an expert system that helps the student to g'
Laboratory (http://lesowww.epfl.ch/) | evaluate his decisions and the influence of variables )
available only in French on the energetic performance. =
Building U.S. Department of Energy. | Vol. 5- Give climate specific tips for energy efficient | Specifically related to energy efficiency measures o
America Building America Programme building in five different climate zones. based on new technology (additional equipment v
Best and systems)
practices
series
EEBPP Carbon Trust | U.K. Energy Efficient Best Practice programme. It

(http://www.thecarbontrust.co.uk/en
ergy)

provides advice and assistance on all
efficiency measures.

energy
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Software | Source Description Observations Group
Analysis LabEEE (www.labeee.ufsc.br) uses the Building Bioclimatic Chart (GIVONI, 1992). §

Bio2.0 plotting climatic data presents, it percentages for the B 2
most adequate strategies. % g
CLIMATE Yung Hsin Li's dissertation | many climatic data formats. Adaptative comfort zone | Despite the greater level of detail of design 3 )
CONSULTA | (www.aud.ucla.edu/energy-design- | in the psychrometric chart. guidelines- information | strategies, there is no relation of the indicated 22
NT 2 tools) regarding the concept of the strategy. small | strategies to the climatic conditions in the %_&*
schematic drawings. Use of solar chart for solar | discomfort periods, preventing the verification of its | o _,
shading project. applicability. S 3
WEATHER | Andrew Marsh- ECOTECT | many climatic data formats. Adaptative comfort zone & g
TOOL package(www.squl.com) in the psychrometric chart. Use of solar chart for solar &=
shading project and define the ideal orientation. g
o
=

16
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Software Source Description Observations Group
IDEA Group for Building Physics and | Tools for climatic analysis, solar shading, thermal 5 o1
Solar Energy in Germany | simulation performance and water consumption l.; !
(http://nesal.uni-siegen.de/) X
ECOTECT Square One (www.squl.com) Tools for climatic analysis, solar shading, thermal, | calculation of shading of the selected facade is rather p
lighting and acoustic simulation. 3D model. difficult. substitution of the design sketching activity ,D, -
allows an immediate visual response by the simulation model %
2 v
o e
PSA Technion Climate and Energy | Use of expert systems. Use of shoe box geometry | No  relation between the guidelines and | §:
PASYS Laboratory in Israel (identification of potential strategies in the initial | recommended strategies with the specific behaviour '_| 3
ENERGY-10 | Colorado National Renewable | stages) of the climatic variables > (2
Energies Laboratory 5
(www.eere.energy.gov/buildings/to 3 | @
. 2 o
ols_directory/sofware) 5
BDA Lawrence Berkley National | Use of expert systems. allows the evaluation of %’ R
Laboratory multiple models and includes links to a simplified c ﬁ
(www.eere.energy.gov/buildings/to | module on natural and electric lighting and for the g o
ols_directory/software) DOE-2.1 o 5
ARCHIPAK | SZOKOLAY (1987) integrates climatic analysis with solar geometry and a | joint evaluation of different areas of building | =2 | <
simple thermal analysis based on the admittance | performance. %
method of the BRE Still present inflexibility for the initial stage due to the =
ENERGY Technion Energy and Climate | energy consumption calculation per final user, | complexity and accuracy of the analysis tools and )
Laboratory in Israel (SHAVIV, | monthly consumption and peak power charge for a | input data. <
1999). It was developed just for | typical day in two months. Relation of these data with @
research. It needs workstations | the comfort zone.
SGI (2M flop for standard matrix
LinkPack)
DESIGNBUI | DesignBuilder = Software  Ltda. | modeling and management of formulated
LDER (TINDALE, 2004) alternatives and is mainly aimed for thermal analysis.
Use of shoe box geometry in the initial stage.
Database of Energyplus.

17
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Through the evaluation of the tools described in Table 1, it may be observed that
neither the climatic analysis nor the solar shading tools relate the recommended strategies
to the actual climatic behaviour of the respective period. The possibility of checking the
applicability of the strategies for the periods in which it is recommended is not provided.
The study developed by LOUREIRO et al points out this discrepancy. Although the
bioclimatic chart indicates natural ventilation as the main cooling strategy in Manaos
(Amazon), there is only 11,9% annual availability of wind, which makes the applicability of
natural ventilation impossible in most of the year (LOUREIRO et al., 2001).

It can be verified that even with a growing amount of resources, there has been
little progress in what concerns the possibilities of grouping and evaluating the climatic
variables together. It would demonstrate a bigger coherence with the design process in
which guiding principles and assumptions are generally considered all at the same time
and the decisions are made according to the importance attributed to each one
individually. According to Hartog in the conceptual stage, architects are interested in shape
and flexibility of structural elements, while analysis tools use generalized geometry but
require specific materials’ properties (HARTOG, 2004).

In this case, the so-called educational tools, including guidelines, rules-of-thumb
and best practices seems to be more coherent with the architectural practice, in which the
construction of knowledge and decision making is strongly based on referential
procedures. However, even the tools better connected to the architectural decision making
are still not largely applied and not easily accessible.

The large amount of data required by most of performance analysis or quantitative
tools leads the architect to make arbitrary and premature decisions to be able to define an
acceptable model for the tool. These requirements are inadequate to the still subjective
and incipient level of information of the early design stage. This kind of tool also does not
allow for a joint analysis of the performance variables and proposed alternatives.
Moreover, they represent a time increase in design process. Therefore, these tools are
used almost exclusively in more advanced stages of the design, when relevant
architectural aspects have already been defined and so there’s little possibility of changing
it. So, the simulation results are used just to satisfy the client, rule out the design or to
design auxiliary systems.

MARSH (1997) points out that a tool that is applicable for the first design stage
should allow a more informative analysis of the alternatives, translating the architectural

sketch into a valid model of input data and translating the results in a fundamentally solid
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design feedback. For the integration of the software into the design activity it is also
essential that it does not interfere in the design process, in order to be really incorporated
or accepted (BROADBENT, 1982; ROWE, 1987; ROBBINS, 1994). Therefore, it may be
observed that even for analysis or quantitative tools that are only applicable to design
detailing, the reduction in the amount and complexity of the input and output data is
essential for the development of easier and quicker tools, reducing the design costs and
operational decisions.

The designer can use a thermal analysis program to derive design guidelines
through parametrical analyses in a “shoe box” model. Part of the knowledge basis of
expert systems was derived from design guidelines developed from a large number of
simulations. Despite the benefit of design guidelines it is necessary to create mechanisms
for the evaluation of the climatic conditions to interrelate it with the recommended
guidelines, in order to verify their applicability.

The result of interviews with architects, conducted by De Wilde in the Netherlands,
shows that even in projects considered energy efficient, the decision making regarding
environmental issues is intuitive (DE WILDE, 2004). In this case, the decisions relative to
energy efficiency were made in the conceptual design stage and more than 70% of the
interviewees did not use any software.

It is also necessary to increase public’s interest. Most of the developed tools share
the same goals and objectives and follow variations of the same methods and developing
principles. Hartog recognizes that analysis/ quantitative tools were developed by and for
disciplines other than architectural design (HARTOG, 2004). Also, due to the unfamiliarity
of architects with building services, they find difficult to relate the outcome to design and to
draw conclusions based on the data. Due to reduced funding, research institutions end up
concentrating their efforts in specific aspects, which result more in study prototypes than in
usable tools because, in general, they are not focused on designer’s practice and needs.
Therefore, there is also no consolidated information about the real barriers from the point

of view of the architect in practice.
2.3 ENERGY EFFICIENCY REQUIREMENTS — REGULATIONS AND STANDARDS

In Brazil, there is no standard method or building regulation regarding energy
efficiency (CARLO et al., 2006), although 42% of the energy consumed in the country is
related to buildings. However, in 2001, due to an internal energy crisis, the Brazilian

government approved the Federal Law no. 10295 that defines the National Policy for
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Conservation and Rational use of Energy. It establishes maximum levels of energy
consume or the minimum energy efficiency for equipments built or sold in Brazil and for
residential, commercial and industrial buildings. As a consequence of that, a team of
specialists was created to develop a standard to regulate buildings regarding their energy
efficiency, which is still in progress. This national regulation intends to be adopted as a
building standard for energy efficiency in the format of ABNT (National Association of
Technical Standards).

Moreover, Brazil has not experienced yet an specific program of building
certification as well, although some efforts have been done to develop a national
certification program based on the adaptation of international programs such as the LEED
(Leadership in Environmental and Energy Design) and BREEAM (BRE Environmental
Assessment Method) (JOHN et al., 2006)

In the international scene, the use of guidelines and building standards has been
effective in establishing energy efficiency measurements in edifications. Many independent
organizations have developed energy requirements for residential construction in the
United States, such as the Model Energy Code, the Energy-Efficient Design of Low-rise
Residential Buildings, approved by ASHRAE, and the norms developed by the US Energy
Department. These requirements can be used together with codes to encourage builders
to find innovative methods that exceed the minimum standards. Moreover, the results
obtained and the use of certification programs can add value to the edification, stimulating
the construction industry.

The European Union has established a directive on the energy performance of
buildings in 2002. This directive acts in accordance with the procedure laid down in Article
251 of the Treaty that establishes the European Community. The objective of this Directive
is to promote the improvement of the energy performance of buildings within the
Community, taking into account climatic and local outdoor conditions, as well as indoor
climatic requirements and cost-effectiveness (EC, 2003).

The Council Directive 93/76/EEC of 13 September 1993 to limit carbon dioxide
emissions by improving energy efficiency, which requires Member States to develop,
implement and report on programmes in the field of energy efficiency in the building
sector, is how starting to show some important benefits. However, a complementary legal
instrument is needed to lay down more concrete actions with a view to achieving the great
unrealised potential for energy savings and reducing the large differences between

Member States' results in this sector.
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The directive of 2002 also states that the certification process may be supported by
programmes to facilitate equal access to improved energy performance; based upon
agreements between organisations of stakeholders and a body appointed by the Member
States; carried out by energy service companies which agree to commit themselves to
undertake the identified investments. To the extent possible, the certificate should describe
the actual energy-performance situation of the building and may be revised accordingly.
Guides such as the Guide for a Building Energy Label (POUSSARD and PEUPORTIER,
2003) were developed to support the work to be carried out for elaborating certification
according to the Building Directive of the E.U.

This Directive lays down requirements such as regards:

(a) the general framework for a methodology of calculation of the integrated energy
performance of buildings;

(b) the application of minimum requirements on the energy performance of new
buildings;

(c) the application of minimum requirements on the energy performance of large
existing buildings that are subject to major renovation;

(d) energy certification of buildings;

The Building regulations in UK are in agreement with the directive of the European
Community. The part L of these regulations defines specific requirements on conservation
of fuel and power in new and existing dwellings and other buildings (part L1A, L1B, L2A
and L2B). The part L has developed along the years a policy of progressive integration
and improvement of requirements, mainly regarding the thermal transmittance (U-value) of
building components, the maximum ratio of glazing area and air conditioning systems.

They have a new approved document that came into effect on the 6" of April of
2006. In this approved document the elemental method and the target U-value method are
omitted and only one approach in showing compliance with the energy efficiency
requirements is presented. This addresses criteria such as, the new CO2 emission rate of
the completed dwelling, that must not exceed the target set by reference to a notional
building, limits to building fabric and services performance specifications, solar shading
and other measures to limit risks of summer overheating and fabric insulation and air
tightness. This document assures that more guidance is given on testing the achievement
of the intended energy performance, including arrangements for pressure testing samples
of dwellings. Satisfactory information must be provided enabling occupiers to achieve

energy efficiency use. The technical provisions will mean that higher fabric, heating,
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ventilation and lighting systems designs will be necessary, delivering an overall
improvement of on average 20%. The appendix A of the document provides a new
checklist for builders and building control bodies to help in assessing compliance.
Appendix B lists the threshold performance values that if exceeded will cause SAP 2005
approved software to warn the possibility of failing to comply (ODPM, 2006).

Therefore, considering these improvements, the new Building Regulations require
a 25% reduction in energy consumption in new constructions. It only represents the legal
minimum standard, and therefore, savings well beyond this are achievable (RIBA, 2005).
However, Davis and Artonkitjawat state, based on a survey with design professionals of
South Carolina, that although building energy codes have demonstrated their cost
effectiveness in promoting energy conservation, there is still resistance to their widespread
acceptance. Eighty percent of the respondents think that the ASHRAE 90.1 standards do
not have any effect on energy conservation and sixty five percent were uncertain that the
ASHRAE 90.1 was the best format for reducing energy in buildings, which shows their
reservations to the enforcement procedures (DAVIS and ARTONKITIJAWA, 2004).
Interviewed architects in London, regarding the project of a large office project in 2005,
mentioned that they “managed to squeeze the regulations before the deadline to avoid
part L” (SHUTTLEWORTH, 2005). Shuttleworth points out that the architects should use
their creativity to solve these issues than to try to circumvent regulations.

It emphasizes the importance of ethical considerations and the professional point of
view regarding the importance of considering environmental issues to apply the
regulations and go beyond the minimum standards. Peter Carl also recognizes that the
vast array of codes which attend construction testify as much a distrust of the design
process as to a wealth of knowledge and experience regarding best practice (CARL,
2004). Davis and Artonkitjawat recognize that codes are typically applied in practice and
are not integrated within academic design. They emphasize that these codes should be
included in education to bring their importance and relevance into the design process
(DAVIS and ARTONKITJAWA, 2004).

2.4 PROFESSIONAL PRACTICE AND CRISIS

Professional services provided by the architect can vary considerably both in
nature and extent. They could be full or partial services and vary according to the capacity
in which the architect is engaged to act. They might be affected by the management
structure set up for the project, and by the procurement method adopted. Although there
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are many variables, some principles and good practice procedures can be applicable and
defined. The professional institutions in general set up these principles in documents
embracing the professional’s role, obligations, rights and commissions (IAB, 1964; COX
and HAMILTON, 1995; IAB, 2006). In the relation with the client the existence from the
outset of a document which fully and clearly sets out the services, costs and procedures
agreed will minimise the potential for misunderstandings and disputes arising later. Cox
and Hamilton in the Architects’ job book notice that in the mid-90’s in UK, not different from
the Brazilian situation, architects were willing to undertake a limited amount of preliminary
work for a client on a non-fee basis, in the hope of securing a worthwhile commission in
the future. It indicates the competitive features of the profession.

Schoun states that although the society has become dependent on professionals
so much, there are strong signs of a crisis of confidence in the professions (SCHOUN,
1983). Simon Foxell, in the opening text of (Royal Institution of British Architects) RIBA’s
book, “The professional Choice” (FOXELL, 2003) has identified that the architectural
profession in UK was living an identity crisis. Most of this crisis is due to new influences
and references of power in professional and market relations. The increase of power of the
market has heightened competition and reorientation in corporate behaviour. Also the
industry has established some points to manage the risk of investment, such as box-
ticking audits and targets that have weaken the independence of construction professional.
Now the professional is often a subcontractor to the supplier and with the Internet, new
forms of information have become available to all. So, they don’t hold anymore a unique
knowledge and the relation with the contractor became a relation of dependence.

It explains the reason for what this crisis is also discussed as a “crisis of trust”,
since the trust of the client and society was a reflection of a unique knowledge, integrity
and independence that the professions were traditionally based on. According to
Gasparski, the responsibility of a design specialist is qualified because his professional
role is dependent of one’s own choice. Furthermore, this responsibility inclines others who
are not specialists and who have no way of evaluating designers’ activity, to play great
trust in a designer (GASPARSKI, 2005). Schoun affirms that, professionals themselves
have shown signs of a loss of confidence in their claims of extraordinary knowledge and
also the decline in professional self-image. It seems to be rooted in a growing scepticism
about professional effectiveness in the large sense, a sceptical reassessment of the
professions’ actual contribution to society’s well being through the delivery of competent

services based on special knowledge (SCHOUN, 1983).
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William Davies and John Knell comment on the chapter “The context and future of
the profession” of the mentioned RIBA’s book, that nowadays, at least locally, the
professional lost any distinction from other small knowledge-based business, such as
aroma therapists. They make the point that knowledge is the key to distinguish them and
to assure the profession’s independence and integrity. The target setting is a practice that
certainly will not disappear, but a stronger knowledge basis will make professionals able to
criticize and argue against the naiveté of certain methods of target setting. According to
Schoun, it is time to consider the questions of professional knowledge not only seeking to
build up a science applicable to practice but also to reflect on the reflection-in-action
already embedded in competent practice (SCHOUN, 1983).

Michael Polanyi (McCOY, 2003) makes a distinction between codified knowledge
and tacit knowledge. The codified knowledge is the kind of knowledge that nowadays is
available on Internet embracing a body of information, which we can store, transfer and
then refer to. However, it is what Polanyi calls tacit knowledge that provides the best
distinction against market competition and makes the professional able to distinguish
which information is really useful, because it is the knowledge developed on the basis of
know-how and experience.

Francis Duffy, ex president of RIBA, points out a failure of the institution to advance
the knowledge base of architecture fast enough. He says that although it has shown
positive efforts, such as the compulsory CPD (continuing professional development) for all
members of the institute, it has neglected research. Furthermore, he recognizes that the
institution has not come to terms with the strong consequences of the use of information
technology in architecture, which enable the architects to rethink the process by which
buildings are designed and built. He points out that it is very evident in the way
architecture is taught in the 90’s (DUFFY, 2004).

An ethical code of conduct is also an important factor to assure the trust in the
relationship between the profession association and the public, laying out a set of core
values that motivate its members. This ethics should be related to the quality of work,
which in construction, according to Foxell (FOXELL, 2003), has a political dimension when
the public built environment can be improved for all by high quality professional work.
Gasparki states that a constant awareness of the experimental nature of any project and a
reasonable effort to monitor them; autonomous and personal involvement in all steps of a
project, protecting safety of and respecting the right of consent of human subjects;
accepting accountability for the results of a project, are all primary obligations of designers
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(GASPARSKI, 2005). Considering environmental ethics, the architectural professional
must understand that architecture cannot stand apart from nature and view it as an end in
itself and not as an instrument of exploitation to our own ends. Considering the notorious
lack of environmental awareness within the building industry, the architectural profession
can recover some of moral authority and leadership lost during the past thirty years
(HAGAN, 2001). But in order to gain this position again architects have to educate
themselves.

Therefore, creating this relation of ethics and the quality of work also calls into
question the defining values of the professional. To promote quality, it is necessary to
consider a wider range of aspects to define the problem and, once many problems in
architecture are self-imposed, it is easier, and probably more lucrative, to avoid setting
oneself too many difficulties. Values change rather slowly and, considering Smithies’
comments (SMITHIES, 1981), changes in architecture are more likely to be a slow

evolution for some time until the society itself can reaffirm its concern for what it builds.

2.5 THE CONSIDERATION OF BIOCLIMATIC ISSUES IN 20™ CENTURY
ARCHITECTURE

The scientific discoveries of the 16™ to the 18" centuries and the industrial
revolution stimulated the earlier industrial and technological dream of the 20" century. It
was based on the consumption of fossil fuel and led to a techno centric and
anthropocentric view of the human habitat, according to WINES (2000). He points out the
Arts and Crafts Movement and Art Nouveau, in the end of the 19" century, as the last
architectural styles to celebrate the relationship between the buildings arts and natural
forms.

Then, the industrial and technological influences, rooted in cultural and economical
change, were persuasive arguments about the stylistic imagery which became
synonymous with a progressive look in architecture. Buildings assumed forms from
factories to turbines, rockets and space stations. The pioneers of Modernism embraced
the seduction of technology, utilitarian ideals and social reform agendas for the “new” man
of an industrial society. As a result, architects of early modernism were committed with
formalist and functionalist invention and new technologies, rarely considering such issues
as environmental impact.

However, the idea that an architectural agenda can be enriched by climate’s

consideration can still be illustrated by a number of early and mid-century modernist
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examples, which were built before the widespread adoption of mechanical systems
(FISHER, 2004). It can be also related to a simple difference of attitude to technology and
mechanical systems and the consideration of climatic variation as a conscious
architectural aim at a fundamental conceptual level.

“In his later work Le Corbusier came to recognise- amongst other things- the
importance of shading and natural ventilation, even if from and arbitrary and predominantly
aesthetic point of view (TOMBAZIS, 2002).” Peter Fisher mentions the work of Le
Corbusier in the project of Mill Owners’ Building in Ahmedabad in 1954, in which he
rediscovers the building form as an elementary environmental filter (Figure 2-1). The

response of the building fabric to environmental diversity is the primary strategy of

environmental control.

Figure 2-1- Mill Owners’ Building. Ahmedabad (source:.
http://www.public.iastate.edu/~bfoth/mills.html)

The work of the architect Alvar Aalto also shows strong climatic concerns. These
concerns allow the environmental strategy to become part of the building’s defining
concept. In the Wolfsburg's library (Figure 2-2), although it belongs to the then prevalent
international style, it also exploits a climatic typology highly appropriate to the specific
context. It responds to the low level of daylight during the winter, making daylight the main

concern.
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Figure 2-2- Wolfsburg library, Germany. Source: Author’s collection.

But no one could be more referential to the Modern architecture in the twentieth
period and yet be the basis of reference of principles of integrating architecture with its
context than Frank Lloyd Wright. By the turn of the 20" century, he was a strong voice of
resistance and constantly reacted against the contemporary world around him in America
and Europe. Wright proclaimed the need for a new “organic” architecture. Actually for him
true modern architecture and organic architecture were the same (ALOFSIN, 1994). He
argued the buildings should respond to the natural conditions of their sites. He showed a
deep devotion to the “nature materials”, arguing that each should be employed only in
ways that were consistent with its innermost qualities, and yet he repeatedly pushed those
materials to the extreme limits of their tolerance (CRONON, 1994). It shows that there is
no need to believe that an integrated architecture should abandon all evidence of high tech
features like we hear in the discourse of some architects and eco movements. Such as
CRONON (1994) points out, Wright articulated a philosophy in which he believed
underplayed all his work. And it is important to notice that his aesthetic view and moral
philosophy was certainly imbibed in a core of values of the romantic idealism of the
ninetieth century (he was already middle age at the turn of the 20" century).

When Wright uses terms like organic, individualism, democracy and nature, he was
expressing 19" century values, showing a deep conviction that the main task of science
and art was to discover underlying principles of order “which would reveal the hidden unity
of humanity and nature”. What Wright did with great ability was to take these ideas and

demonstrate their possibilities for the future in an original way that they suddenly seemed
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innovative and obvious at the same time. In an essay called “Philosophy of Fine Arts”,
Wright synthesised his style, which he believed was the manifestation of an ideal based on
a principle (CRONON, 1994). He declares that the artist must do more than merely imitate
nature; he must see it with a prophetic eye, distilling natural beauty into its conventional
essence, and architecture would be the art best fitted to teach this lesson. This is the
essence of what he called “organic architecture”.

However, the elements of the Modernism and it's the geometric purity “seemed
more easily packaged, more accessible to imitation, more rigorously formal and tidier in
theoretical terms” (WINES, 2000). It also found favour with building construction industry
because it could be easily translated into cheap, functional and fast technologies. Although
the glass curtain could be used in the Modernist movement in balance with the
requirements of the context, integrating elements of shading devices, ventilated cavities
and opening slots as part of a design philosophy, the understanding of these solutions and
the attitude to technology and mechanical systems was not the same. Later these
solutions started to be considered just a group of elements belonging to a “style” and
applied with the absence of the landscape and lack of environmental commitment. Even
the ideals of functionalism and a social program for the “new” man were buried by the
iconic purity of a machine age imagery within the post-modern pluralism of a consumer
age.

But, since the 1960s climatic concerns have been rediscovered again. In 1962
Rachel Carsons’ book, Silent Spring (CARSONS, 2002), brought into light the concerns
with ecology and motivated the youth environmental movement that followed. In 1963 the
term bioclimatic was used for the first time by Victor Olgyay, relating climatic data to
thermal comfort limits (OLGYAY, 1973). The term ‘green’ also emerged in architecture, but
became associated more with the counter-culture movement than to the environmental
movement aligned with the left in the 1960s. Therefore, it lost its connection with a left-
leaning critique of the economic and political status quo (HAGAN, 2001). The oil crisis of
the 1970s also stimulated the development of a research field in energy efficiency,
including building technology, which was still more related to the development of
technologies to sustain than to put into question the existent economical structure and
standard of living. This research field stimulated the so called ‘solar’ architecture, which
embraced technical systems for thermal heating solutions in a still techno centric
perspective. It gradually fade away once the components of environmental technology

were treated as “installed” rather than “expressed” elements of design (WINES, 2000).
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It was in the late 1980s and early 1990s, as a result of favourable press and an
increasingly concerned global population; that the environmental movement started to win
ground in the political process to require and work for tangible actions by the governments.
Then, in the late 1980s, with the UN World Commission on Environment and
Development’s Brundtland Report, the term ‘sustainable’ overtook the term ‘green’ and
gained also a political and economical meaning. Although in architecture it is open to a
range of contradictory interpretations, it basically focuses on the perspective of the impact
of the building on the local environment through the embodied energy of the material and
its durability and the use of water and energy.

Now, the issue of global warming is a confirmed fact and government communities
and international business are holding a series of urgent conferences to seek global
actions. And in this context, the built environment is been identified as a big issue in the
whole environmental problem, regarding its impact on global energy consume, use of
materials and carbon dioxide emissions.

Unfortunately, it is still not influential on the architectural expression of mainstream
architecture. The interdependent economic interests of the world and their equally profit-
motivated governments are still keeping the status quo of ‘progress’ by the classic
principles of mechanistic science and they have continued to determine the means and the
messages of architecture (WINES, 2000). Therefore, the mechanistic imagery was kept
with a kind of celebration of such fashionable “high-tech” features as plate glass, exposed
structural systems and tilted or skewed steel. The formalist design is the realm even in the
following derivations of the modernist period and the site-specific relationship between the
climate and building and, the consideration of the dynamic of architectural environment,
are frequently the exception rather than the rule. One example of the questionable
assignments architects have undertaken in contemporary architecture is the willingness to
perform for a commission to build the world’s tallest skyscraper (which represents a strong
environmental impact) without any reflection on the environmental problem.

The environmental design emerged as a critique of this market induced
acceleration of the consumption of energy, materials and ideas. However, there is the
serious risk of repeating the fad that happened with “solar” architecture in the 70’s and
soon dieing away if it keeps science driven with emphasis only on the quantitative
dimensions of the approach (thermal properties, simulations, life cycle analysis, etc).
HAGAN (2001) identifies that environmental architecture is now split between a minority

that intent on returning to a pre-industrial state (calls for a revival of craft traditions and
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vernacular techniques) and a rationalist majority that is interested in developing techniques
and technologies of contemporary environmental design. The emphasis of the rationalist
approach is on the building as physical object with its environmental devices such as stack
vents, solar chimneys, buffer zones, etc, and not on whole building concept. Therefore,
this rationalist majority still does not put into question the techno centric structure and does
not integrate any aesthetic concerns into the architectural expression.

Wines (2000) says it is necessary to liberate architecture from the mechanistic view
of humanity’s relation to nature and it's usual constraints such as the industrial style,
wasteful technology and obsolete notions of functionalism. The view of progress must be
also evaluated in terms of ecological impact because the shape of buildings will be also
forced to respond to demands of limited resources and environmental requirements. The
expansion of the environmental movement is pushing for a radical re-evaluation of
designers’ priorities and preconceptions beyond the usual motivations of style and theory,
to discuss environmental architecture also as a cultural expression. And therefore, there is
the challenge of developing ecological standards and an ethical and philosophical frame of
reference.

In her book “Taking Shape”, Susannah Hagan (HAGAN, 2001) refers to “the still
emergent state of an architecture that is engaging in a new contract of co-operation
between the built and natural environments, (...)” Wines (2000) appropriately compared
the evolutionary stage that environmental architecture is now to the growth and role of
early Modernism. “The work of Adolf Loos, Louis Sullivan and Peter Behrens in the early
1900s still retained many of the stylistic references and deference to a metropolitan scale
reminiscent of the 19" century (WINES, 2000)”. Later, the work of architects such as Mies
van der Rohe and Le Corbusier already represented a mature Modernism, in a well
defined expression in form and content. In a similar way, the aspects of environmental
integration will be expressed in the next decade in a more consistent and evident way in
the development of the architectural design. Hagan (2001) suggests that environmental
architecture is maybe “a more mature stage of modernism itself, in which the burden of
universal applicability is again taken up, this time with a much more sophisticated
acknowledgement of local variation”. It is very early to be sure about such statements but
what is certainly true, such as Wines (2000) affirms, is that “this is potentially one of the
most challenging periods of architectural innovation in history.”

Today, there are few examples of architectural design in which it is possible to

clearly identify the influence of bioclimatic issues on the design concept. The bioclimatic
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design is inserted into the wider concept of environmental design, which also embraces
what is called sustainable design. However the bioclimatic approach differentiates itself
from the sustainable approach because it is focused on the building integration to the local
climate and is not limited by the building material. HAGAN (2001) points out that these
architects take what they require from the pre-industrial and the rationalist environmental
approaches. Therefore, they cannot be labelled to the low or the advanced technologies,
the natural or the synthetic materials, the passive or the active environmental strategies,
the expression or the operation. In fact they embrace advanced as well as traditional
technologies. “The result is not an architecture generated from a technology, as in
principle happened with the Modern movement, but a technology, or rather a range of
technologies inserted into pre-existing architectures, which are then re-formed in different
degrees, according to the rigour with which the environmental agenda is pursued
(HAGAN, 2001).” In these examples the integration of environmental technology and
aesthetic content is already very perceptible, and this can be the key of changing.

In the international scene the work of the architect Brian Ford is an example of
present balanced solutions of formal and environmental issues into the architectural
expression. His academic knowledge from his work as Professor and Head of the School
of the Built Environment at the University of Nottingham and the practice, from his work at
Brian Ford and Associates and at WSP Environmental and Peak Short Associates,
stimulated his understanding of the practical application of environmental issues.

In his practice he developed works that focused on the architectural quality along
with an innovative approach towards energy efficiency. He has considerable experience in
designing naturally ventilated and passive cooling strategies in buildings all over the world,
such as the Olympic Stadium in Sydney, Australia, the Duxford Aerospatial Museum in the
United Kingdom and the Peake Short's Malta Brewery.

The Building for the Farsons brewery in Malta (Figure 2-3) integrates built form,
construction and internal environment. It uses architectural tradition’s concepts, in which
built form and fabric are used to moderate the external environment. Brian Ford sees the
control of the internal environment as the responsibility of the architect and not of service

engineers.
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Figure 2-3 - Peake Short’s Malta Brewery (source: (RICKABY, 1991).

The building is very successful in this sense, the solar radiation in Malta is very
intense but the brewery’s new process hall is maintained at temperatures below 27°C
purely by natural ventilation. Cooling is the main environmental task performed by the
building. The architect’s strategy is to enclose the process hall within a space that acts as
a buffer between the hall and the external environment. So, the only surface of the hall,
which is exposed externally, is the roof. On summer the process hall is sealed from this
space, which is itself open to the exterior. The heat absorbed by the external walls is re-
radiated into this space, and warm air rising within the space leaves through three towers
on the roof, drawing in cooler external air at low level, in a stack effect ventilation
(RICKABY, 1991). The stack effect is enhanced by solar gain through glazing in the towers
and in the roof of the space buffer (Figure 2-4).

Figure 2-4- lllustration of the stack effect ventilation scheme.
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In Brazil we can mention the work of Oswaldo A. Bratke (1907-97). He was one
important member of the Brazilian modernist architecture. Initially impressed by the work
of Frank Lloyd Wright, Bratke turned soon to an appropriate, cost-saving building method,
which is implemented with traditional elements. The main principle of Bratke’'s work is the
adaptation of the building to human needs, which led him to search for understanding

client’s needs and desires. His work is renowned by a large range of residential projects

and the master plan of the Village of Serra do Navio, which is his most famous work
(Figure 2-5) (SEGAWA and DOURADO, 1997).

Figure 2-5- Construction of Serra do Navio Village in Amazon. Source: (RIBEIRO, 1992)

The ICOMI mining company commissioned Bratke in the 50’s to develop the
master plan of two villages in the Amapa state, Village of Serra Leona and Village of Serra
do Navio. He, together with the architects Ernesto Bonfill and Domingos Mazei, moved to
Amapa and lived there during the four years of implantation of the villages and followed
the development of their construction.

Bratke himself says “it wasn’t simply a contract of a project of villages and houses;
it implicitly was the responsibility for the functioning of the proposal. The rain level was
high; the total annual average was 2000 mm, maximum of 100mm per hour. The average
temperature was of 28°C, and maximum of 32°C. The prevailing winds presented a low
velocity. Therefore, the climatic conditions could bring problems if not considered, such as
mould which could reduce the life of many materials. So, it is a huge work to the architect
to face and give a solution to these conditions”.

Therefore, in this project, Oswaldo Bratke worked in agreement with the local

natural environment, and did not impose a traditional urban model. He chose to evaluate
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the living and building technologies that the local communities have found to live in
harmony with the hot and humid climate of the area. Therefore, he created dwellings with
mobile louvers and porous brick walls, everything to enhance the ventilation and decrease
the heat (see Figure 2-6 and Figure 2-7).
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Figure 2-7- Strategy of cross ventilation and wide overhangs. Source: (RIBEIRO, 1992)
The innovative solutions made the Serra do Navio a model village, also embracing

the consideration of public sanitation through the installation of a Station of Sewer
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Treatment. Even now, the solutions developed by Bratke can be recognized on the
facades of the houses and on the public lighting net. There are many testimonials of the
community, which points out the environmental comfort in the middle of Amazonian hot
and humid climate. This master plan represents one of the most positive examples of
urban plan in the context of Amazonian area.

These examples show that the environmental and aesthetically perspective are not
mutually exclusive and that, such as HAGAN (2001) points out, “they can inform each
other to produce a possible model for architecture that exists only embryonically at
present, an inclusive architecture that embraces both operation and formal expression

within an environmental framework”.
2.6 THE ARCHITECTURAL DESIGN THINKING

The first part of this chapter shows that in the past thirty-five years there was a
considerable progress in the field of bioclimatology and energy efficiency. But despite all
the progresses, it hasn't influenced the design practice. There is a gap between the
academic knowledge and the practice. The bioclimatic concepts are not really integrated
into design practice. They are not part of the design concept. In general there is just a
simple addition of systems for energy saving during the detailing design. Also, the appeal
for the integration of these concepts has been based on the economic appeal, which
seems very limited. The efforts to introduce these themes are not based on architect’s real
needs. And there is no consolidated information about what are the real barriers to
bioclimatic integration according to architects’ point of view.

The architectural design is a very complex activity that comprises a body of
technical, scientific and artistic values, in which the latter supplants the others in many
cases (RIO, 1998; HARTOG, 2004). The lack of balance between these values in
architecture has resulted in a separation between knowledge and its application. It
strengthened the creativity myth in which the practice of architecture relies exclusively on

vocation supported by artistic values. However, as Comas said “ (..) even if
intuition/creativity plays a relevant role, it's highly unlikely that it expresses itself out of
nothing,(...)” (COMAS, 1986). In the Oxford Conference, in the late 50’s, the knowledge is
recognized as the raw material for design. Although it is not a substitute for architectural
imagination; it is considered necessary for the effective exercise of imagination and skill of

design (BROADBENT, 2004)
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According to Szokolay the scientific thinking must penetrate the early design stages
to prevent architecture from stepping back to become simply a form of art, in which there
aren’t objective ways of classifying or qualifying it (SZOKOLAY, 2002).

It is essential to observe in what way the architect deals with aspects of
bioclimatology, such as the local climate and materials, how the considered variables are
structured and what are the architect's needs when he manipulates the set of these
variables. It is necessary to take into consideration the fluidity of the process to include the
environmental performance matters among the basic essential design considerations.

Certainly the design process is not limited to the figure of the architect. It is inserted
into a wider context that involves not only the architect alone but also other practitioners in
the design team, consultants, developers and statutory bodies that will influence the final
result of the building design as well. However, the architect, as the leader of the design
team, has a very influential role in this process. Therefore, it is very important to
understand the influence of architect’s knowledge basis and beliefs on the consideration or
not of bioclimatic issues and its effective influence on the design choices. Nevertheless,
this part of the literature review evaluates the logic beyond the methods or organizational
procedures, not focusing on the process and its different actors but actually on the design

thinking and the related philosophical and psychological elements.
2.6.1 Main elements of the design thinking

The classical definition of the Fine Arts School of the XIX century says that the
design process develops from the whole to its parts and begins with the definition of the
design concept (MAHFUZ, 1995). The design concept or parti, according to the academic
tradition, would be a diagrammatic scheme to represent the conceptual design idea.
According to Clark and Pause the generating idea furnishes the means to organize the
decisions, to ordinate and generate the form consciously. The design concept would be
followed by the development of the preliminary studies where the main characteristics of
the design would be defined (CLARK and PAUSE, 1995).

As MAHFUZ (1995) emphasizes, in a more contemporary look of the design
process, an analytical stage of problem definition could be defined based on the existence
of four basic components: pragmatic needs, cultural inheritance, location and climatic
characteristics and available material resources. The information gathered in this
stage, considered to be quite objective, is later on submitted to a process of problem

interpretation, which presents a higher complexity level and includes subjective aspects
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influenced by knowledge and beliefs of the architect. Papamichael and Protzen point out
that in the design, besides intelligence, emotion is also considered one of the main
requirements, because the criteria of judgment can be also qualitative (PAPAMICHAEL
and PROTZEN, 1993).

Judgment is considered a balanced weighting up of evidence preparatory to
decision making. It is usually the outcome of an evaluation of alternatives. The judgment of
the alternatives should satisfy a set of conditions and criteria. In the conditions that are
commonly required, the evaluated statement must corroborate and be corroborated by the
system of statements which are accepted as true. In philosophy, belief is usually a
conviction on the truth of a proposition (NEWALL, 2005). According to Lawson (1997), for
some designers the collection of attitudes, beliefs and values are confused and ill formed,
for others they are more clearly structured and for some they may constitute something
approaching a design philosophy. So, the judgment of alternatives in the decision making
process also depends on the design philosophy of the professional.

In the analysis of the problem, there are the ones directly related to the prevailing
conditions that can possibly influence the design choices. These conditions can represent
opportunities to the development of the design as well as constraints, which will limit some
choices, according to the purposes of the project. The aspects, which are raised to define
the problem, can be directly related to requirements of the brief, but commonly many initial
problems are self-imposed, according to the leanings that the design philosophy of the
professional creates (SMITHIES, 1981).

Besides the design philosophy, the established criteria to proceed with the
judgment of design alternatives are also required according to the priorities raised by the
specific design problem. Smithies (1981) and Lawson (1997) refer to these criteria as
guiding principles, holding that these guiding principles are also subject to re-evaluation
along the process when new information is added. The set of guiding principles also
influences the way in which some conditions of the design problem are considered, mainly
those related to prevailing conditions, such as the local context. So, the established
conditions and guiding principles have a strong influence on the judgment of some aspects
or variables of design such as the orientation of the building, materials, space, and form,
among others. These aspects when explored to achieve the requirements imposed by the
guiding principles become the architecturally controlling element of the project. In the
Beyeler Foundation Museum in Switzerland designed by Renzo Piano, the architecturally
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controlled element is the roof plane, which is explored in order to follow the guiding
principle of best use of natural lighting (BRAWNE, 2003).

Figure 2-8- South elevation of the Beyeler Foundation Musuem by Renzo Piano- Roof as the
architectural controlling element. (source: Buchanan, 2004)

Therefore, the design philosophy or architect’s beliefs can be very influential on the
consideration of the problem and the following decision making process. The beliefs are
also related to knowledge. In epistemology, the nature and variety of knowledge is
investigated and, also, how it relates to similar conditions, such as truth and belief. For
most philosophical history, knowledge was taken to mean belief that was justified as true
to an absolute certainty (MOSER, 2005). There are many ways to acquire knowledge,
such as by reason and logic, scientific method, observation, mathematical proof, trial and
error, culture, language and traditions and experience.

So, based on these different procedures, of observed and learned facts, people
develop structures of understanding, creating a theory based on those pillars of facts
(BLACKBURN, 2005). Induction is the process of building these structures of
understanding in which a general understanding is created of specific facts. Another
approach is deduction in which new specific information is developed from their general
understanding (ANDERSON, 2000). Belief is our thinking that this general principle or
general understanding is applicable to this given situation, and it can be acquired through
perception, reasoning, contemplation or communication (BLACKBURN, 2005). It indicates
the influence of the design philosophy on the way the knowledge basis is applied in the
decision making and judgment of the design problem.

Analogy also plays an important role in problem solving, decision making,
perception, memory, creativity, emotion and communication (ROWE, 1987). However, it is

an inference from a particular to another particular, as opposed to induction and deduction,
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where at least one of the premises or the conclusion is general (ANDERSON, 2000). In
architecture, intuition also plays an important role on the design problem solving. Intuition
is an unconscious form of knowledge and it is unconsciously affected by experience. But, it
is an immediate cognition, which is knowledge or conviction without consideration or
inference. Anderson points out that, it can also help in induction to gain empirical
knowledge. Some intuitive choices are sometimes, later on, rationalized through a chain of
logic to demonstrate more structurally why they are valid. Behind intuition and inspiration
there is also the notion of reference, which is understood as the relation between the
symbol and the object being represented. Referential procedures make resolutions by
analogy, in a work of interpretation, which is influenced by the peculiar characteristics of
each architect (BRAWNE, 2003). Therefore it can be said that the architectural design
involves the application of induction, deduction and analogy approaches, sometimes
complementing one another.

In MOSER (2005), experience, as a general concept, comprises knowledge of, or
skill in, or observation of some event acquired through involvement in or exposure to that
thing or event. Therefore, experience usually means observation of the world through
sense of perception. The epistemological theory of the empiricism argues that all
knowledge is ultimately derived from some kind of external experience. Naive empiricism
holds that our ideas and theories need to be tested against reality, and accepted or
rejected on the basis of how well they correspond to observed facts. However, the
phenomenalism holds that objects and facts itself are not distinguished substances. It
considers that all that really exists is the perception itself. It takes intuitive experience of
phenomena as its starting point and, tries to extract the essential features of experiences
and the essence of what we experience. Our perception of the external world begins with
the senses, which lead us to generate empirical concepts representing the world around
us, within