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Abstract      

The need for energy conservation and sustainable solutions has resulted in changes to the built form. The success of a design project is related to the integration of its participating disciplines and professionals; from emerging technologies and innovative materials to implementation; from graphic designers and industrial designers to engineers and developers.   A series of sustainable collaborations among the construction industry have been investigated for this paper. The role of the built form is analyzed taking into consideration the span of time needed to successfully integrate all the disciplines from which it results and the acceptance by the user. The historical references to other post-industrialization design movements focus on the initial rejection that resulted from changes to the morphology and orientation within the environment.  Selected initial construction issues and elements that will be vital in the changes to the built form as a result of sustainable practices have been identified as well as initiatives and global efforts.  
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1. Introduction

The twenty first century will historically mark the emergence of an energy conservation movement that resulted in major transformations to the built form. In recent years the design of man-made environments has dramatically changed in an attempt to correct the responsibility attributed to man and, in particular, to the construction industry of irreversibly contaminating the earth and causing from climatic changes to the depletion of a multitude of natural resources and species.  

Although inconclusive and still vague, scientific data on the expected irretrievable environmental catastrophe has dominated the media, the political platform of many aspiring candidates and a multitude of commercial efforts associated with potential remedies for the doom. Al Gore’s political profile has reached unprecedented attention and even won him an Oscar for his movie An Inconvenient Truth, while Rush Limbaugh in his daily radio program doubts, while he was freezing during this past winter, that global warming exists at all.  Some question the validity of the accusations attributing to the man- made world most damages against the environment since they consider them the result of expected cyclical changes. Meanwhile there is hardly anything on the market or current affairs that does not claim to be green or sustainable.  


It is unfortunate that the energy conservation crisis has been politicized and commercialized and that the available scientific statistics are still imprecise. However, we are not to analyze the validity of this data but to address the indubitable fact that sustainability, utilization of alternative energy and protection for natural resources have altered the built form and the construction industry. Addressing these issues have become part of the building process and made it imperative for governments, developers, engineers, contractors and designers to include them at the inception of a project. The construction industry is being confronted with a different landscape, with a new vocabulary of terms and forms, with regulations and codes to learn, and with a multitude of initiatives and the proliferation of objects and solutions not completely understood yet.   While the world powers determine how to deal with global warming and debate about the virtues of using ethanol over fossil fuels,   the construction industry has had to regroup and address these issues without further delays. The challenge for the designers and engineers, the most prominent characters in this episode in the history of design, is to confront this responsibility and answer with constructive solutions. The predicament lies in protecting the integrity of the built form while regulated by a whole new set of constrictions. 

The caveat is that consumers and, as a result, the developers that work within the nebulous parameters of  market forecasts and predictions, are still unable to relate to the new visual language that results when trying to implement  a series of sustainable measures.   A schism exists between the need to abide to energy conservation ethics and the absence of a culture in place that is willing to implement them. While many technological solutions are commendable they are still perceived as costly intromissions and afterthoughts far from the product expected.   

As developers, engineers, architects, and designers we are confronted with the challenge of fluidly integrating these elements into the projects while making them palatable and well designed. We need to offer creative inspiring solutions that abide by the energy conservation laws for its construction.  We are not only to envision isolated new technological solutions in terms of sustainability but to examine how our proposals can further enhance the environment. In the process it is imperative that we avoid adding unnecessary new ingredients to the visual and material contamination that already surrounds us.     Without the proliferation of stimulating design solutions, the implementation of sustainable practices will inevitably result in an impasse.   The dilemma is whether as designers we are able to obtain the array of creative proposals needed to promote the new measures and increase the necessary support for them. We are to highlight sustainable alternatives that improve the efficiency of buildings without sacrificing the built form. Creativity, innovation, aesthetics, and acceptance   must remain as vital elements in the development of a design project 


Design is to be understood, and cannot succeed isolated. Design should be the result of man’s attempt to solve problems while contributing to relate to and improve his surroundings.  Although good design is timeless it expresses its moment, captures the essence of materials, and attempts to become available to a vast majority while benefiting from innovation and the advances of technology. Good design also welcomes collaborations with other disciplines that augment its breadth and most of all requires enthusiasm by the end user in order to succeed.   It cannot transcend if misunderstood, isolated or rejected.  

World powers and initiatives come up with resolutions in terms of sustainability

Engineers and designers come up with solutions through innovative design and technology.

Both abide by new rules and regulations.

Developers promote the new built form.

All need the support of a culture and of inspiring design in order to succeed.

The history of design and technology has left us with remarkable examples of how transcendental changes to the environment impact society.  Rejection is to be expected when the form of the known world and its manifestations are traumatized by natural causes or technological advances. At its inception, new morphologies historically tend to threat.   However in due time, when its logic is properly understood and the new forms become familiar, good design outlives and transforms.  The dynamics in the diffusion of innovation shows that the acceptance of an idea follows a cycle. Diffusion of Innovations by Everett Rogers formalizes the theory, based on a bell curve, that new ideas are first adopted by a category that he calls innovators, followed by early adopters, early majority, late majority and laggards.  The scientists and the educated would be part of the innovators, political and social leaders of the early adopters, the traditionalists of the late majority and those that rely on information given by neighbors and friends and fear debts of the laggards. Rogers bases the ability to adopt innovations on awareness, interest, evaluation and trial.  It would be speculative to label to which categories the components of this green movement belong.  However, it is clear that we have representatives from all the positions.
2. The Built Form as a Result of Industrialization 

2.1 The Industrial Revolution.

“And what is the meaning of this beautiful decoration which we call art? In the first place, it means value to the workman and it means the pleasure which he most necessarily take in making a beautiful thing. The mark of all good art is not that the thing done is done exactly or finely, for machinery may do as much, but that it is worked out with the head and the workman's heart.” 
Oscar Wilde 1908

At the turn of the twentieth century society was shaken by the apparition of the machine.  The Industrial Revolution changed humanity’s perception of limitations and triggered an era of fantastic achievements.  At the same time it shattered man’s sense of being, who found himself alienated and displaced by new contraptions.  The emergence of new materials, techniques and sources of energy made possible engineering feats and the construction of new forms.  However, the new morphology that resulted became for many a symbol of dehumanization and cruelty.  Great artists and philosophers condemned the emergent expressions in architecture and engineering. Efforts were made to re capture the contentment associated with bucolic environments or the spiritual qualities attributed to previous periods in the history of design such as the Baroque and the Gothic.  The Arts and Crafts, Art Nouveau and a multitude of other significant movements expressed the outrage brought about by the proliferation of mass production and the demotion of man’s position in the construction of the built form.   

Two remarkable buildings remain as examples of how innovations in construction technology and morphology initially perceived as foreign and anti aesthetical are eventually redeemed.  The Crystal Palace and La Tour Eiffel were not well received when first built. However both eventually became symbols of their period in history. 

The Crystal Palace was designed by Joseph Paxton, an English gardener interested in glass houses. The structure was shown in during the 1851 World’s Fair that took place in London. Paxton challenged the competing architects and engineers with a prefabricated building done in iron and glass that created a central nave 72 feet wide. The roof was done using 49 inch glass sheets. As rejected as it once was, The Crystal Palace has since symbolized the Industrial Revolution. 
La Tour Eiffel was built in Paris for the 1889 World’s Fair by Gustave Eiffel, a respected engineer. The shape of the construction met scorn and rejection from the public when it was inaugurated and seen by many as an eyesore. Eiffel was criticized for building a gigantic sculpture far from the rigor expected from a structural engineer even if the engineer repeatedly explained that the shape of the tower was determined by mathematical calculation involving wind resistance.  La Tour Eiffel has since become an eponym for Paris and for France. 

2.2 Modernism and the International Style

Eventually, the new materials and technology, the new spatial possibilities and the progress brought about by mechanization and industrialization gave way to modernity, to the development of the skyscrapers and to what became known as the International Style.  Once again the work of engineers and designers, perhaps best exemplified in the United States by the Chicago Style and the work of Mies van der Rohe met with the resistance of those that felt lost in a sea of glass and steel.  The construction disciplines however nurtured each other and led way to the organization of comprehensive design offices that offered a combination of all the professions under one roof. 
Great minds contributed to make of Modernism a timeless expression that has recently witnessed a rebirth spearheaded by young designers that find in that movement an inspiration in its purity.

The work of Mies van der Rohe, Le Corbusier, Frank Lloyd Wright, Walter Gropius, Phillip Johnson, Alvar Aalto and so many others guided by the industrialized process of the mid twentieth century are still revered today.  However Modernism went through trying times by those that found themselves isolated in cold boxes devoid of human references.  

2.3 The Information Technology Revolution.   

In the 1970’s information systems introduced computerized craftsmanship into the design process with routers and lathers guided by digital models making it possible to design and build with the computer.  The interaction between the computer and humans, CAD (computer aided design) documents, media and the internet became the new vocabulary of the built form best exemplified by the work of Frank Gehry.  The new technological tools made possible creating, copying, shifting and deforming complex graphic entities.  The Information Technology Revolution shook the man-built world including the professionals in the construction industry that had not been born with the computer. Virtual environments became the culmination of the revolution that had once started with industrialization.  And once again awe, threat, and confusion followed. 
2.4 The Green Revolution
While the construction industry was still struggling with the challenges brought about by the advances in technology, another revolution was in the making: The Green Revolution. Based on highly commendable sustainable goals the responsibility imposed on the man-made built world contributed to the demands already confronted by engineers and architects. Unfortunately, the construction industry has been identified as the major culprit in the desecration done to the environment.
3. World Initiatives

An awareness of damages to the environment, namely, global warming, was first published in an essay written in 1896 by a Swedish Nobel Prize in Chemistry, Svante Arrhenius.  Later, in 1957, the World Meteorological Organization established the International Geophysical Year to launch the development of climatic research. As a result, one of the participants, Dr. Charles David Keeling, a doctor in chemistry from the United States, focused his investigations on documenting the presence of carbon dioxide in the atmosphere.  By 1988 the United Nations and the United Nations Environment Program demonstrated concern by organizing the Intergovernmental Panel on Climate Changes with the mission of evaluating the available scientific and socioeconomic data.  Recently, in February of 2007, the group made public their latest findings arriving to the unequivocal conclusion that there has been an increase in global warming since 1750 and that there is a ninety percent probability that it is caused by human actions and not due to natural causes.  
3.1 The Kyoto Protocol

The Kyoto Protocol, an agreement under the United Nations Framework Convention on Climate, opened for signature in 1997 with the mission of limiting the emission of carbon dioxide and five other gases causing the greenhouse effect that threatens to interfere with the climate system.  The treaty has been ratified by 169 countries with the exception of the United States and Australia. Although India and China have ratified the protocol they have not been required to comply since they are not considered main contributors of gas emissions during the period that has been identified as causing today’s problems.    Arguments persist that in the very near future precisely these two countries will be mainly responsible for the emission of these gases.   It is expected that in approximately ten years China will be the largest single emitter of carbon dioxide from the burning of fossil fuels.  The United States has signed the protocol but has not ratified it. The present administration of George W. Bush supports the principles of the agreement but opposes the exemptions granted to China. Through the US Environmental Protection Agency the “Climate Action Report 2002” was released addressing the issues of the Kyoto Protocol and assuming the responsibility of the United States in reducing greenhouse gas emissions. Eight states in the US participate in the Regional Greenhouse Gas Initiative with the same goals.  In turn, the governor of California, Arnold Schwarzenegger and the California Legislature passed the Global Warming Solutions Act which lines this state with the Kyoto treaty.   Fifty states in the US that support the Kyoto Protocol have initiated efforts to sign the document. 
3.2 United States Sustainable INITIATIVES. Leadership in Energy and Environmental Design (LEED)
The most significant initiative in the United States towards sustainability in the construction industry is LEED (Leadership in Energy and Environmental Design).  In order to address the specific problems related to environmentally sustainable construction, the US Green Building Council prepared in 1998 a series of guiding standards by means of a rating system that cover the following areas:  
· Sustainable Sites

· Water Efficiency

· Energy and Atmosphere

· Materials and Resources

· Indoor Environmental Quality

· Innovation and Design Process 

Buildings obtain LEED Certification according to the sustainable merits or points they accumulate.  The Green Building Council applies the LEED system on construction according to the specific project type, that is:

· LEED-NC
new construction

· LEED-EB
existing buildings

· LEED-CI
commercial interior with tenant participation

· LEED-CS
core and shell projects

· LEED-H
homes

· LEED-ND
neighborhood development

Architects, engineers, designers, contractors and building owners can become a LEED Accredited Professional by paying a fee and passing an examination prepared by the US Green Building Council.  Although obtaining LEED Certification is not mandatory in the United States, certified projects obtain a series of incentives.  An increasing number of institutions require experience in obtaining LEED credits and LEED professionals on board as part of the project requirements.  It is expected that the inclusion of these sustainable measures escalate as codes and regulations become more stringent. 

3.3 Professional Initiatives in the United States. 2010 Initiative.
According to the recent symposium “2010 Challenge” held at the New York Academy of Sciences in February 2007 and organized by architect Edward Mazria, although transportation and manufacturing are the most-talked-about producers of greenhouses gases, “buildings are the major source of demand” for energy and materials that produce greenhouse gases. The goal of the initiative conference was to ask the global architecture and building community to adopt the following targets:

· Designing all new buildings and developments using half the fossil fuel energy they would typically consume (half the country average for that building type). 

· Ensuring that annually, at least half of the existing building area is renovated to reduce by 50% the amount of fossil fuel energy currently being consumed (through design, purchase of renewable energy, and/or the application of renewable technologies). 

· Increasing the fossil fuel reduction standard for all new buildings to: 60% in 2010; 70% in 2015; 80% in 2020; and 90% in 2025. 

There are many other notable examples of commitment to the goals of sustainability. In the United States political leaders such as President Bill Clinton and Vice President Al Gore have initiated a series of efforts to educate the nation on the subject of energy conservation .Celebrities from all disciplines identify themselves as “green” and most public and private organizations conduct individual initiatives in support.

4. Sustainability and the Built Form
 “Buildings give life to the landscape, but they are not normally considered alive. This one is: it breathes, it sleeps, it wakes up in the morning - and it is not impossible.”

William Mc Donough on The Tower of Tomorrow.  2006

According to Architect William McDonough sustainable regulations represent an enormous challenge for architects and engineers. He foresees the building of the future as productive with elements that will work from the inside out.  However, at the present time his visions are not in practice mainly due to economic constrictions. McDonough believes morphology will undergo changes especially as it deals with the curved forms which he believes maximize space and are more structurally stable. He estimates the curve diffuses the impact of wind. The architect foresees rooftops will become vital elements in the design of buildings by contributing to eliminate heat absorbing surfaces while outdoors will be brought inside giving the building an opportunity to participate in the cycles of nature.  The utilization of water will also be extremely important. Wastewater will be used for irrigation and once cleansed by the gardens will be used again as non-drinking water.  Solar power will be used by means of photovoltaic panels that convert sunlight into electricity collecting enough energy to provide for almost half of the buildings’ needs. The building skin will be built by layers of materials that will perform different functions from weatherproofing to insulation to transparency.  All interior building materials will be designed so they can be reused or recycled. 

Already showcasing the possibilities of sustainable merits within design excellence is the Hearst Tower in New York by Lord Norman Foster. The building that won the city’s first Gold LEED certified award is defined by vertical and horizontal energy-saving bands of steel.

5. A New Aesthetic vocabulary
The “2010” Imperative Conference concluded that the new built form needs to engage the environment in a way that dramatically reduces or eliminates the need for fossil fuels. In order to achieve that goal it is necessary that the construction industry achieve complete ecological literacy and integrate at the inception of a project a series of measures all of which will find a repercussion in the morphology of buildings.   Some of the issues and elements that will participate as main protagonists will be:

· High degree of daylight

· User control of temperature

· Operable windows,

· Reduce, reduce, and reduce

· Passive solar heating,

· Passive cooling

· Building shape, color and orientation

· Fenestration location, size and shape

· Shading, mechanized and moveable insulation

· Natural ventilation

· Materials, products, properties

· Recycling buildings and materials

· Walking communities

· Transit oriented developments

· Landscaping and microclimate modification

· Solar hot water and solar photovoltaic

· Small scale wind

· High efficiency systems and appliances

All these elements should become part of the design process, integral to the essence of the building, and not included as afterthoughts or to insure certification or approval. Sustainable strategies must find their role within the creative process Alternative energy and design solutions that support conservation ethics need to be taken into consideration by the designers and engineers in the early phases of a project during the conceptual and programming stages.  Sustainability and energy conservation measures must become as much part of the design process as industrialization once was.  We are just amidst emerging challenges.  Are we innovators or laggards?  
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