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The Built Environment 
Buildings exist to create a comfortable indoor environment whatever the outside conditions maybe. Our Ancestors used modest local resources and little energy in their indigenous architecture. However, the move from a nomadic to an agrarian society from the earliest settlements introduced consequences such as pollution, scarcity of resources and sickness. The Enlightenment in Europe introduced a mechanistic, and scientifically rational approach, which resulted in significantly higher levels of living standards and individuals’ expectations (Edwards, 2001). This extended to the built environment and the burning of fossil fuels to create and run our buildings which accounts for half the energy we generate in the world (Heywood, 2012). 
We are now as a species, at an un-arguable tipping point where we must acknowledge the consequences of our actions to prevent an environmental point of no return. I would argue that Sustainability as developed from Ruskins harmonic order found in nature, to an attitude of accepting accountability for our actions. Buckminster Fuller argued in the 1960’s (Horizon- The World of Buckminster Fuller, 1964) we use our species ‘tool making’ skills and the scientific method, to mimic the structures we are able to intelligently interpret from an interrogative approach to nature, to create a style of lightweight highly adaptable architecture. The role of the designer must acknowledge the risk we pose ourselves from our own actions and the fragility of the planet, the only known place for life in the Universe. 
We should look for a productive balance with nature, as what we do locally as repercussions globally and for future generations. Sustainable design should work with the environment not against it to;
· Create healthy and comfortable buildings which are non-polluting.
· Optimise the use of resources and materials, minimising fuel/water usage and waste. 
· Consider the embodied energy of construction materials.
· Utilise highly energy efficient envelope, designed to be responsive to context and locality.
· Economically viable and are net producers of energy/zero carbon emitters with lower running costs.
· Supportive of sustainable communities and ecologies.
· Durable, adaptable, resilient to local climate change. With deconstruction and re-use in mind from outset.
· Embraces post occupancy evaluation.
The three pillars of sustainability are Economy, Equity and Environment and good design lies in the overlap of these to produce affordable, functional, aesthetically pleasing buildings which endure (Mendler, 2000).
Building Context
The use of different construction methods, planning factors, form, orientation and passive/active solutions is predicated on the rule that in cold climates we design to keep heat in, and in hot climates we need to restrict solar gains. Climate responsive architecture utilises the interaction of the Site’s topography and latitude, with the Sun, prevailing wind and precipitations as fundamental considerations for deliberations on the building’s orientation and form. Further as global warming leads to local climate changes (weather weirding) we should consider future predictions of regional climate changes (Pelsmakers, 2015).
The building is to be located on the foreshore of Swansea Bay in the SW of Wales. Whilst it as a relatively moderate climate without intercontinentally causing an extreme range of temperature (cold-winter/hot-summer) issues. It is usually the wettest and windiest city in Britain, reflected by my writing this between storm Ciara and storm Dennis only one week apart.
Sun
Swansea is in the Northern Hemisphere, as such solar gains are achieved on the South face of the building. It is recommended that the interior layout uses buffer zones, natural heating from low lying Sun and insulation to reduce winter heat loss.
Thermal comfort is a subjective expression of satisfaction with the thermal environ and the perceived difference between internal/external conditions. Implicit to this is an element of ‘adaptive’ comfort (clothing, opening/closing of windows and shutters). ‘Passive’ measures require spaces requiring the highest thermal comfort and the buildings main façade be orientated South to maximise solar gains. Whilst spaces requiring lower comfort temperatures, such as bedrooms, circulation routes and heat generating spaces such as kitchens should be orientated to East and North East. 
Rooms with high/regular occupancy, should be situated to the South with a higher proportion of glazing to floor area to maximise thermal comfort and solar gains, whilst rooms with more irregular occupancy are situated to the North with a lower glazing to floor area ratio. Ideally unless there are particular security, privacy or accessibility issues an ‘upside down’ approach, as in this design, with living spaces on the upper floor and bedrooms where people prefer lower temperatures for sleeping on the ground floor should be considered. This uses the convective properties and stratification of rising warm air to maximise thermal comfort (Pelsmakers, 2015).
Consideration should be given to;
· The proportion and light transmittance of glazing to the overall room area, and ratio of natural/artificial lighting.  Should be no smaller than 10%, ideally 20% and no greater than 40% on South and 32% on other orientations (Pelsmakers, 2015).
· the urban environment (i.e. Urban heat island effect).
· Summer shading solutions such as vegetation, brise soleils, overhangs, pergolas, awnings, façade fins and vertical gardens, that do not compromise good daylighting (NB. SAD syndrome), as well as the choice of external materials and their reflectancy.
· High Ceilings allow for better daylighting and the introduction of taller windows but will have commensurate construction costs and a greater volume of air will lead to higher winter space heating demands. This will require an exposed thermal mass in a well-insulated building design.
· Exposed concrete ceilings allow for a much greater thermal mass than traditional materials such as plasterboard. This has been used particularly well in the Powergen HQ designed by Bennetts Associates which incorporate a concave parabolic ceiling troffer (upside down bath tub) to maximise surface area, also utilised as a light well and for running of services.
Other techniques considered are ground source heat pumps which utilise the earth’s stored heat as a heat source in winter and a heat sink in summer to transfer heat to an underfloor heating system from a system of buried coils filled with a refrigerant.
Air
Wind is generated by convection and the temperature difference between warm air rising and cooler air being pulled in at lower levels. Cross ventilation relies on the pressure difference between the windward and leeward faces of a building, and generally requires the depth of the space to not exceed five times its height (Heywood, 2012).
‘Background’ ventilation is required all year round to provide good indoor air quality (IAQ), reduce humidity, and to dispel smells CO2 and off gassing from materials. Buildings that utilise their thermal mass require nocturnal ventilation during the summer to dissipate re-released heat to stabilise the internal thermal environment and to prevent overheating in the Summer, a regulatory requirement. It can be unintentional, unwanted and uncontrolled via cracks and gaps. This leads to draughts, increased heat loss and compromised thermal comfort. It can be achieved ‘passively’ with trickle vents in windows. An ‘active’ solution may be needed to provide necessary air changes for good IAQ all year, via continuous mechanical extraction (MEV) or Mechanical Venilation with Heat Recovery (MVHR) which also recovers heat that would normally be lost. MVHR is a key requirement to meet Passivhaus standards which also require a building be super insulated and air tight. It is the best energy standard and reduces space heat demands by x 2.5-3 times compared to UK recommended zero carbon standard, resulting in lower energy bills, easier compliance with future zero carbon targets and less investment in technologies to offset the remaining carbon.
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