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The National Botanic Gardens of Wales – Welsh contemporary architecture


Botanic gardens are sites of mass greenery containing numerous species of living plants, and wildlife used to aid scientific studies, conservation, education, and tourism, and are often run by scientific research groups working alongside universities (Pawley, 1999). These facilities house plants from all over the world such as collections of cacti, succulent plants, alpine, and other exotic plants; and are often enclosed in large greenhouses/shade houses (Sturgeon, 2007). Previously, botanic gardens were the response to the keen interest in old botany and horticulture, whereas, in our modern era, most botanic gardens display a mixture of themes, linking directly with the public to provide information and promote the effects of environmental issues, such as climate change and sustainability, each endangering nature, and plants through modern human development. 
The national botanic garden of Wales facilitates ‘the most endangered’ of these plants ranging from six areas of the world: California, Australia, The Canary Islands, Chile, South Africa, and parts of the Mediterranean basin. Housing over 100,000 plants, all of which enjoy the same Mediterranean climate, cool moist winters, dazzling sunlight, etc, and was the first of its kind in Wales. Accommodating for a sustainable working farm within, the plants are sectioned depending on their uses and climates (Pawley, 1999). 
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Figure 1, Interior of the great glasshouse (Llywelyn, 2018)

Covering a vast landmass of Carmarthenshire, in the Tywi Valley; 5800m2 to be exact, all land that had been restored after being left a ruin by the historic Middleton Hall, which was demolished in the 1950s. The National Botanic Garden of Wales was appointed to Foster and partners, a practice located within the UK, in the year 1995. Two years later, the structure began construction until its completion, in late 2000. Spencer De Grey and Nigel Curry are a couple of the leading architects, working in conjunction with Norman Foster on this breath-taking project, as well as similar projects throughout Europe. The challenge set out to these architects was to find a form that would not only be structural economic – that would do the most with the least – but one that would also fit seamlessly into the natural landscape.



Technical information
The national gardens have the largest single-span steel structured - glass dome in the world, rising organically from the hillside. The structure in the environment is most obviously the main feature of this building and is commonly referred to as being ‘poised on the Welsh landscape like a giant raindrop”, through its immense oval shape measuring 95x55 meters (Pysh, 2022) The oval domes are tilted at 7 degrees on its axis with the intention of creating a natural grassed bank to the north, which protects the interior from the northern weather as well as opens views of the countryside and helps capture as much sunlight as it can during the day. Each glass pane consists of two 9mm thick sheets of glass with a laminated film in between making a glass sandwich 18mm thick in total, most of which are 4m x 1.5m (Young, 1999)
Its functionality as previously mentioned is to house these endangered plants and spread the message of the negative effects of climate change through tourism and accommodates large events such as its own ‘Luminate event’ immersing the user in a mesmerizing mile-long walking experience with interactive lighting plays and ambient music playing throughout (refer to figure 2) (Wales, 2021). Within the substructure of the dome, it facilitates a café and educational spaces.
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Figure 2, Luminate in action (Llywelyn, 2021)

As this large dome requires a Mediterranean climate to house these rare species of plants, generous ventilation throughout the glazed enclosure was implemented to prevent any overheating during the summer and prevention of the cold winter climate from penetrating through the dome – which effectively encourages healthy growth of the plants in its man-made environment. Over 20% / 147 of these glass panels also are also computer controlled to regulate the temperatures within the some using AI systems, which monitor the interior and exterior conditions to optimize its energy usage. High-mounted fans are used internally to create windy conditions to simulate the climates that these plants would usually be in, further aiding the development of these rare plants. The gardens aim to reach their sustainability goals by being heated primarily through a biomass boiler system that consumes recycled materials such as timber trimmings, which is also AI-controlled to adjust the supply of heat. The AI system is designed to prevent the structure from falling below 9 degrees. Due to the functionality of this structure, these technologies have been implemented to account for the mass heat loss, and solar gain as it adjusts its supply of heat to achieve the desired levels of temperature, humidity, and air movements to optimize its conditions for growth (Sclater, 2000).
Further technologies such as rainwater harvesting systems have also been used in irrigation systems and lavatory systems, in which the waste is treated through reed beds located nearby the septic tank to return safely to the ground where it would filter away (Sclater, 2000).
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Figure 3, Section through the glasshouse (Foster, 1997)

Costing over GBP £43 Million, the gardens use a series of materials, which all play an important role in joining the dome together. Supporting the exhibition lies a tilted concrete ring as a sub-structure for the glass dome, concealed by a covering of turf so the entrances look cut into the landscape. This also facilitates the café, educational spaces, service installations, and a public concourse. Surrounded by over 785 panels of laminated glass, supported by an aluminum grid is a network of 24 tubular arches and a perpendicular series of smaller tubular members all braced with steel rods (Eileen, 2016) Steel ball and socket joints attach 24 tubular arches to the concrete substructure (refer to figure 3). These special joints allow for the expansion of the steel ribs which cover the glasshouse, which is crucial for the structure due to its exposure to the elements. The aluminum tubular-steel supporting structure is designed to minimize materials and maximize light transmission. 
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Figure 4, Section showing construction of dome 1 (Foster, 1997)


Landscape architect, Kathryn Gustafson, littered the interior with rocky terraces, sandstones cliffs, and gravelled scree slopes to resemble Mediterranean land “contoured to reflect the natural environment and to create a large range of habitats for the plants” This allows the balance of light and shade, and variation in moisture levels suiting to the needs of different plants. The work within the landscape was appraised by the Guardian in 2007: “This blend of botany, conservation, architecture, sculpture, and history can’t be found anywhere else” (Sturgeon, 2007). The exterior is surrounded by hedges, traced from the existing manor and stables that lay on the site. 


The Great Court

As briefly mentioned, Foster + partners had also completed similar projects to the Botanic gardens, using similar construction and design prospects. The Great court located in the British Museum, in London, and the Reichstag government building in Berlin are two examples that share similarities. The great court was redeveloped during the same period at which the botanic gardens took place, and historically the great square was seen as the heart of the museum. This long-lost space was in dire need of regeneration, to which Foster + Partners was appointed. It utilizes the idea of a large forcefield like – wireframed steel and glass structure, very much like the gardens, following a very organic shape as it covers the large courtyard creating a space both influenced its historic fabrics and urban redevelopment (Pawley, 1999). The play with natural light are extremely important to each build due to its purpose and otherwise dark spaces. However, unlike the gardens the structure is very asymmetrical, as claims are made that out of the 3,212 panes of glass used in construction, ‘no two of which are the same’. This unique method of construction is very unusual in the modern norm however almost pays tribute to historic methods of construction due to the advancement of technologies today (Museum, 2022).
These two builds go hand in hand and have an obvious influence on each other as well as taking the ideas from the Reichstag which would also be built at the same time. Further developments such as Canary Wharf station have adopted these ideas as it looks identical to a section through the botanic gardens. 


Awards

Upon completion in the year 2000, this monumental structure received a series of awards, each referring to the architectural design and technologies implemented. These awards consisted of the RIBA architecture award 2000, RICS (Royal Institute of Chartered Surveyors) Building Efficiency Award, Steel structure award 2000, Architecture in Wales Eisteddfod – winner of gold medal in architecture (Alywn Lloyd memorial medal), The Dewy-Prys Thomas prize 2003, and the list goes on (Foster, 2000). 
With goals of creating “a world that values biodiversity, protects plants and the planet”, the gardens have successfully explored sustainability and in doing so have created a centre of education and preservation to spread the positive message of change. 
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