Introduction
Buildings consume energy and resources and generate waste on a huge scale. Current construction methods tie us into future patterns of resource and energy use, waste emissions and environmental damage. When poorly designed our buildings leave a lasting legacy for the next generation that extends adverse social, economic and environmental impacts throughout their life cycle. The Scottish Executive’s A Policy for Architecture in Scotland acknowledges that the complex and challenging sustainability agenda requires fundamental change in our understanding of the nature and purpose of buildings and the role of building design (Scottish Executive, 2006).
There are many definitions of what makes a building sustainable with respect to social, economic and environmental issues (commonly referred to as the ‘triple bottom line’); social in terms of adding to the quality of life for people, economic in terms of enhancing wealth, and environmental in terms of reducing the impact that buildings have on the natural environment.  However the ‘triple bottom line’ of sustainability is open-ended and ecological aspirations vary widely, more recently focussing on aspects relating to transport, water conservation, and biodiversity.  A current significant focus is being placed on the energy and environmental performance of buildings, with specific key goals involving the reduction of associated carbon emissions and energy costs.  Identifying and developing more sustainable building materials and construction techniques that can minimize waste and are non-polluting is recognised as an important aspect of sustainable building design.

Sustainable buildings must be resilient to climate change and be adaptable, flexible and durable in order to increase a building’s life-span.  This ‘cradle to cradle’ approach refers to a building that is designed to be deconstructed and where materials are capable of being recycled.  Design parameters for sustainable buildings have therefore increased to encompass more complex performance related criteria, and the architect must adopt a more holistic perspective when designing. Sustainable buildings remain, however, far from the mainstream products.  Indeed there are a limited number of contemporary exemplars and demonstration projects from which to learn good practice, although this number has expanded in recent years.  The construction industry can be viewed as large and fragmented and slow to respond to change, preferring the ‘tried and tested method’.  The drivers to a more sustainable built environment will be increasing legislation and rising energy costs, if not ethics.

The architect’s role is central to the building design process: the most energy efficient and environmentally friendly building must also be functional, durable and aesthetically pleasing.  It is now vital that the architect has a comprehensive understanding of all the facets of sustainability in order to be able to engage with a wide range of disciplines and specialisms.

The underlying hypothesis of the research is that a shift towards sustainable buildings requires a transformation of the architectural design process and the development of a new framework to navigate the complexities of sustainable design within a context that is promoting step change in building performance globally.   The articulation of a framework that can be responsive to this context will involve the identification of approaches to sustainable building design being adopted within current architectural practice, and the emergence of a related typology.

Towards a Typology
Research into the implementation of environmental management systems (International Organisation for Standardisation, 1996) within the wider context of sustainable development has raised issues of fundamental importance to the understanding of the concept if appropriate action is to be taken. In particular, consideration has been given as to how a practical realisation of such a system might be applied to the lifecycle of a building, including the design phase (Grierson, 2009).  We need visions of a more sustainable future that can provide the current generation of designers and planners with sufficient motivation without impairing their capacity to learn what might be the best direction for change. At the same time we urgently need to improve the energy and environmental performance of the global built environment. An improved building design process aided by appropriate management tools and regulatory frameworks that address sustainable development issues has been suggested as a way forward, and is the subject of ongoing research (Grierson, 2009).  The objectives of this part of the research are to investigate the design principles and processes for sustainability and to explore them in action within current practice.  A study, which aimed to gain the practitioner’s perspective, was undertaken as dissertation work within the Masters of Research programme in Building Design and Management at the Department of Architecture, University of Strathclyde Glasgow during 2010 (Moultrie, 2010).  This was achieved by engaging with a small sample of Scottish architectural and multi-disciplinary practices actively involved in sustainable design and by considering exemplar buildings via a case study analysis.  The methodology was qualitative, involving face to face interviews and observational visits to the case study buildings.  A context was established by reviewing literature focusing on the global environmental perspective, UK and Scottish legislation, sustainable principles, blueprints, sustainable processes and evaluation.  Analysis of the practitioner and client interviews, in combination with the case studies, allowed for discussion and response to a number of research questions. To conclude the study a series of mapping exercises were carried out to allow for comparison and cross-referencing.  An example within the paper describes the ‘Principles Matrix’ which shows the overlapping principles from selected literature (Table 1).  Key components of a sustainable design process are identified as the environmental brief, parameters, environmental strategies, evaluation and tools and techniques.  These components were used in the analysis of exemplar case studies from practices. Table 2 maps the sustainable process onto the Royal Institute of British Architects (RIBA) Outline Plan of Work.  An example of a case study building summary table, indicating relevant processes and applicable principles is given in Table 3.

Context
Sustainable development was described in the 1987 Bruntland Commission’s report (WCED, 1987) as, “development that meets the needs of the present without compromising the ability of future generations to meet their own needs.”  In achieving social and economic goals the commission recognised that ecosystems must be safeguarded and the depletion of natural resources minimized. At the same time investing in skills and the advancement of knowledge for the benefit of future generations must be prioritised.

The European Union Energy Performance of Buildings Directive was published on the 4th January 2003 (EU, 2003). The overall objective of the Directive is to promote the improvement of energy performance of buildings within the Community taking into account outdoor climatic and local conditions, as well as indoor climate requirements and cost-effectiveness. Each EU member state was required to transpose the Directive into law by the beginning of 2006 with a further three years being allowed for full implementation of specific articles.

The UK Climate Change Bill (2007) set challenging targets for carbon reductions across the UK with a commitment to a 50% cut in carbon emissions from the built environment by 2020.  Under the EU commitment the UK must deliver 15% of total energy from renewable sources.  The zero carbon new building programme is seen as an active driver towards the renewable target.  The UK policy is for all new homes to be zero carbon by 2016, all new schools zero carbon by 2016, public sector buildings by 2018 and potentially all new buildings by 2019. In August 2007, the Scottish Government appointed a panel of experts to make recommendations to improve the performance of buildings.  The outcome was A Low Carbon Building Standards Strategy for Scotland, widely known as The Sullivan Report (Sullivan, 2007).  The intention of the report is to drive a step change in legislation, design and construction practice with the aspiration to move to total life zero carbon buildings by 2030. Legislation and policies may be drivers for sustainable buildings.  However the level of ‘greenness’ of a building often depends on client aspirations and the approach taken by the architect and the design team.

Sustainable Principles & Processes
The aim of the research has been to examine the architectural design principles and processes that underpin sustainable building design as an emerging typology as described in selected key texts that can help identify a spectrum of approaches to sustainable design, and a series of related but distinct principles involving social, environmental, and economic factors.

In Ecological Design (1996) Van der Ryn and Cowan set out 5 principles formulated from their many years of research and practice.  In their view the transformation to a more sustainable world encompasses a renewed approach to the design of buildings and products and will incorporate an understanding of ecological principles.  The application of these principles involves an engagement or integration and sharing of knowledge across many sectors.

The concept of an individual dwelling that can be self-sufficient with regard to its own energy and resource needs, by for example harvesting rain and recycling waste, was described in the seminal book The Autonomous House (Vale and Vale, 1975).  Some years later, in Green Architecture (1991) the authors described 6 principles as a basis for the ‘green’ design process.  The Hockerton Housing project was designed by the Vales following these defined principles and is intended to be self-sufficient.  The earth-sheltered terrace of five dwellings was built by residents and completed in 1998.  A south facing glazed conservatory provides a passive solar heating source to the house, and surrounding land is used for growing crops and keeping small animals.  The development is described as one of the first “zero energy” residential schemes in the UK (Hockerton Housing project, 2010).

The changing climate and the importance of designing resilient buildings that mitigate damage to the environment and that are capable of adaptation, leads to a crisis planning scenario in Adapting Buildings and Cities for Climate Change a 21st century survival guide (Roaf, 2004).  The author of the book describes the need for buildings to be resilient to climate change and be designed for longevity with low embodied energy.

An holistic approach to sustainability reaches beyond buildings to encompass sustainable communities and lifestyles.  The environmental group BioRegional and the World Wildlife Fund (WWF) have developed the One Planet principles to enable sustainability to be embedded into any process.  One Brighton (2005), designed by the architect Fielden Clegg Bradley Studios, is a mixed use residential development, funded by a mainstream developer Crest Nicholson along with BioRegional.  It is the first development to use the One Planet principles and is aiming to be both ‘zero carbon’ and ‘zero waste’.  The linear blocks comprise 172 residential units above community and business units.  An on-site car club, community centre, crèche and café is shared by all.  There are mini allotments within the sky-gardens and terraces to encourage residents to grow food on site (Clegg, 2007).  As a summary a Principles Matrix (Table 1) was produced to show the alignment of principles reviewed.  The matrix indicates that a core set of principles align across all four sets.  Additionally, the One Planet Principles outlines social / economic principles that are applicable to resident lifestyle choices, for example, with respect to food and fair-trade.
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The transformation of design and construction process towards more sustainable practices will be supported by the identification of a classification system that can clarify issues at various stages of the process.  In the UK, The Outline Plan of Work (RIBA, 2007) is a framework devised by the Royal Institute of Architects to structure these design and construction processes.  It is widely used by architects and clients today as a management tool.  The design and construction sequence, from appraisal to post practical completion, is broken down into a series of stages that can be arranged to suit different procurement methodologies.  The phases involve a common set of tasks with outcomes related to the stages of pre-design; concept design; schematic design; detail design; post-occupancy evaluation.

Kwok (2007) aims to set out strategies at the schematic stage in The Green Studio Handbook. The sustainable design strategies are form giving and therefore influence the building design concept. Given that green buildings are an important step on the path to a more sustainable society Hyde (2007) attempts to set out a systematic design delivery design process in The Environmental Brief, Pathways for Green Design.  The author argues that clients, designers and contractors are more interested in sustainable building design as knowledge increases of the benefits and the processes to deliver are better understood.  The environmental brief encapsulates economic, social and environmental issues and is continuous throughout the design process.  The environmental briefing system encompasses the following

1. Aspirations: 
sustainable principles, 

outline brief 

2. Divergence:
establishing environmental objectives, 

functional requirements 

3. Parameters:
site and climate, 

environmental criteria, 

whole life costing, 

legislation

4. Environmental 

Strategies:
resource producing, 

passive/ active systems design,

material specification, 

healthy environment, etc

5. Applications:
design testing

6. Outcome:
project brief 

It is recognized that environmental briefing is a continuous process, responding to detail decision and value engineering throughout the design process.  The system is viewed as a way of mapping sustainability onto the traditional design process.  A process model has been developed from the literature reviewed and is here used for the case study format.  The Sustainable Design Process Matrix (Table 2) maps the principles, environmental brief, parameters, environmental strategies, evaluation, tools and techniques onto the RIBA Outline Plan of Work.  It indicates a spread from setting sustainable principles at the outset (Stage A) to post-occupancy evaluation of a building in use (Stage L).
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Results and Analysis
The adopted research method for the study was investigative, exploratory and descriptive.  The five architectural and one multi-disciplinary practice that formed the research group range in size from small to large and operate across a variety of sectors.  The larger practices have a sustainability team within the office that provides in-house support and external consultancy services.

A series of interviews were conducted with senior professionals of the practices and the case study client bodies.  The face to face semi-structured interviews provided an overarching view of the practice ethos and the design process.  The case study buildings from the practices are from social housing, education, commercial office and private developer housing sectors and are both new build and retrofit.  To explore the design process in detail interviews were held with the project architect/ engineer.  Visiting the buildings provided an opportunity to interview the client on site to gain their perspective and allow for a descriptive element of the final product – the building itself.  The analysis and description framework for the case studies includes principles, environmental brief, parameters, evaluation and tools and techniques, identified following the literature review.

Moving towards a typology of sustainable building design is a recent phenomenon for most architectural practices as the research has shown.  All the research group practices have a sustainability policy in place.  These policies describe a commitment to sustainable design as an integral part of their design philosophy.  The general intent is that sustainability overarches the design process for every new project.  The triple bottom line of sustainability ‘social, economic and environmental’ is a recognized mantra across all the research group practices.  The divergence occurs in going beyond the triple bottom line and composing a set of principles.  The research group was split between those having a set of principles in place and those currently developing principles.  As every practice is unique, having developed a different architectural ethos, attempting to define where a practice sits on a ‘sustainability spectrum’ was seen as a useful starting point, from which a set of principles could then be developed to express their particular focus.  An exercise was carried out to suggest alignments between the practice group and the philosophy and principles from key texts (Table 1).

One of the practices has been a pioneer in ecological design for a number of years and therefore could be said to align broadly with all the principles.  Another of the practice has a strong social/ community ethos therefore the core principles of One Planet align well (Bioregional and WWF).  Adapting Buildings for Climate Change (Roaf, 2004) involves the performance of buildings and is aimed at architects and engineers.  The principles overlap with those of the global multi-disciplinary practice.  A holistic approach and an emphasis on place making and people described by another of the practices fits well with the ideals of Green Architecture (Vale and Vale, 1975).  In Ecological Design (1996) Van der Ryn and Cowan express a deep green philosophy and in Ecological Design Redux (2008) the authors examine how many of the principles have been embraced by others in the intervening period.  Connections are, for example, made with the emerging practical application of the One Planet principles.  Additionally within the research group the principles of ‘ecological accounting’, ‘designing with nature’, and the concept that ‘everyone is a designer’ are evident in one practice in particular which balances green ideals with a pragmatic approach, while engaging well with the end users.  Creating intelligent buildings that exhibit low carbon footprints, while also being comfortable and attractive places for people to inhabit, was an aim of a larger practice which had an in house sustainability group.  The developing ideals also mirror the ethos of the principles in Adapting Buildings for Climate Change where the value of the resilience of buildings is emphasised.

The practical application of the principles and process was evidenced through the case studies.  These examined what principles (from Table 1) were directly applicable and summarised the key processes involved. One of these case studies – the refurbishment and extension of a modernist 1960’s office building is given by way of illustration (Table 3).  In this case, the office building was no longer seen as fit for purpose with an inflexible working environment and lack of space.  In 2005, Historic Scotland listed the building as Grade B due to the modernist design.  The environmental brief was to refurbish and extend the existing building to create a building that was energy efficient, low carbon and fit for new ways of office working while creating an attractive comfortable working environment.  The redevelopment was to reflect the client’s environmental ethos and act as a showcase of their work.  The environmental strategies included passive design principles, intelligent active energy systems, component design, and sustainable material choice.  A renewable energy source for the heating and hot water was provided by way of a biomass boiler. Working with the constraints of the existing building and surroundings set the design parameters.  It was not ‘sustainability at any cost’: appropriate solutions for the scale of the project were identified to deliver best value.  At the design stage the building has achieved an Energy Performance Certificate rating of A.  A BREEAM ‘excellent’ rating was achieved and a post occupancy evaluation was undertaken as soon as the building was occupied, monitoring all energy use and the building systems in use.


Discussion
Evidence of the demonstration of sustainable principles and processes within the case study buildings vary and can be attributed to many factors; the timeline of the buildings, the client’s sustainability goals, the environmental brief and budget and the architect’s creative response to the design intent and criteria.  Buildings are often recognizable as belonging to a certain practice or architect through architectural style.  Sustainable design is evidenced more within a philosophical approach that involves the application of principles at various stages of the design process. The research material gathered from the practice interviews, client interviews, and case studies indicates that, for example, aspects of passive design, sustainable material choice, and the use of new technologies are having an impact in driving the form and envelope of many of today’s buildings.

Although the design processes within the research practice group are different key common elements are evident.  The framework takes the new environmental brief as the starting point.  The specific design criteria for the project are established and goals are set at the briefing stage.  Parameters or filters are then applied which influence the environmental strategies.  The environmental strategies are developed to meet the design intent. There are many sets of principles that cover the holistic sustainability spectrum although no one common set of metrics exists (Jencks, 1997).  Principles have similar core elements and it could be assumed by now that all architects would accept that buildings should deliver value to the community, environment and the end user (Sassi, 2006).  It is of value to have a set of principles in place for a number of reasons, not least because they offer a useful guide or checklist.  At a higher level however principles can reflect the ethos of a practice – the practice view, for example, on community issues or ecological issues.  The principles can therefore be used to articulate and explore client aims and sustainability goals in structured, possibly facilitated, conversations among key stakeholders.

Sustainable principles alone however do not set a project brief.  The sustainable design process must include an analysis and synthesis of a whole new sub-set of social, environmental, and economic goals, with specific criteria set alongside functional requirements.  As the case studies have indicated in the current study, clients often have specific sustainable design objectives and balancing them with functional goals has to be considered at the outset.  These include those that relate to the site constraints which determine that each building, even repeat type standard buildings are unique because of their location.  Each site exhibits different physical characteristics that have an effect on the building at least in terms of location, micro-climate, access and physical ground conditions.  Within sustainable buildings the response to the site context is more acute and is one of the major determinants on the development of sustainable strategies involving a response to micro-climate, topography, adjoining neighbours, local community and local planning policies.  These can be regarded as opportunities or constraints.

The study demonstrates that an integrated approach is needed from the outset to set sustainable strategies as early as possible.  All practices stated the desire to avoid bolt on visible displays of ‘green technology’ such as solar panels or wind turbines (i.e. the 'eco-bling' factor).  Rather the common approach adopted focused on passive design issues (i.e. site orientation, form, building envelope), combined with active design elements (i.e. intelligent service design to minimise energy consumption), and then finally to reduce carbon emissions further considered renewable energy sources.  Common strategies adopted within the case studies within an integrated design process involved; lighting, heating, ventilation and cooling, energy production, water, materials, conservation, biodiversity and waste.

Evaluation Systems
Post occupancy evaluation (POE) of sustainable buildings is important because it is only when a building is occupied that the design intent can be ultimately tested.  The views of building users or occupiers can then provide valuable feedback on the design quality, functionality and comfort.  Analysing energy and thermal performance in use against design intent benchmarks will help inform future design strategies.   POE is particularly important for sustainable buildings in monitoring how the building performs in terms of energy use, CO2 emissions and water consumption.  Sustainable buildings don’t always perform as well as intended.  This can be put down to a variety of factors including the use of new technology, control and monitoring systems and not least the human factor.  Exemplar buildings and demonstration projects, increasingly with a sustainable design focus, provide blueprints for informing building briefs and design work.  Post-occupancy evaluation results that are published as case studies are a way of advancing sustainable design however confidentiality is an issue and revealing faults in buildings is not regarded as good publicity for the designers and building owners.  Architects often refer to exemplary buildings to develop a solution set for sustainable buildings.  The danger of modelling strategies on a building that has not had POE carried out is that mistakes can be repeated.

Conclusion
The study supports the proposal that a new framework can help inform a move towards a typology of sustainable building design that in turn can help practitioners develop and refine their approaches to sustainability.  The building case studies and detailed examples described in this paper demonstrate identifiable elements within the framework as sustainable principles, the environmental brief, parameters, environmental strategies, blueprints, tools and techniques and evaluation systems.  The Design Process Matrix (Table 3) shows these elements mapped onto the traditional RIBA outline plan of work.
The practice group revealed common approaches through their principles, processes and design work.  Passive design as a primary approach to reducing energy consumption in a building was evident across all the case study buildings.  A more integrated process is also viewed by as vital to the process.  The design processes described in the case studies show architects, environmental engineers, prefabrication sub-contractors and other specialists engaged in a collaborative process.  The result is a common grouping of strategies for sustainable building design.  There are overlaps or general themes in the principles that underpin the strategies as indicated in Table 1.  The principles can be more than a useful checklist and can define a sustainable philosophy for a practice.  Having a defined set of sustainable principles in place is a valuable tool and some of the practice group have developed sets of their own.  The barriers in practice appear to be knowledge and evidence.  Architects and engineers require a more comprehensive knowledge of legislation, new technology, materials and environmental design to engage in the integrated design process.  Sharing results of the POE of sustainable buildings is one way of promoting best practice and learning lessons in order to avoid repetition of mistakes.  The blueprints for future designs should be based on real evidence that original design intents have been met.  The building occupants are often the best judges of buildings and provide valuable feedback in addition to any energy monitoring undertaken.

The research group of practices studied are committed to sustainable building design of architectural quality.  Currently the focus is on zero carbon, delivering reduced running costs, reducing water and waste and specifying sustainable materials.  In future, other aspects of sustainability may be given more coverage; the impact of materials on the health of occupants, for example.  There is some evidence that a wider holistic view of sustainability is gaining ground, with the One Planet principles offering a template for developments.  Moving sustainability into the mainstream is still, however, a significant challenge ahead.  For architectural practices to move forwards, the authors argue that the starting point is the definition of a philosophy and the establishment of a set of guiding principles reflected within a typology of sustainable building design. While the sample group was small it is clear that all are already transforming their approach to sustainable building design.  The methodology of the study could be developed to allow practices to further develop a philosophy and refine principles.  A Principles / Practice Matrix is being developed as a method of evaluating a practice’s approach against well documented sustainable design philosophies that have practical application. This self-reflective approach would take the form of facilitated structured conversations among key stakeholders focussed on identifying various systematic classifications of sustainable design principles that can clarify issues at various stages of the process, and the alignment of these with the design philosophy of the practice involved.
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