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INTRODUCTION 

The Scottish Parliament building often called Holyrood, named after its location, will be the chosen case study building. A deep analysis into the buildings purpose and usage will be explained by looking into characteristics such as age, architectural style, gross internal floor area, number of rooms, external façade area along with other characteristics. There will also be an inclusion of Holyrood’s economic and social value assessments as well as the impact construction and operation have on the environment.

Diagrams, and photographs will be used to help pinpoint key principles used in construction Holyrood being sure to include structural approach, internal and external materials as well as heating and lighting strategies.

Then a description into what is good about the building will be highlighted, though with recent changes in regulations and guidance a different approach into the specifics of improvements that can be made or done differently had the building been built in later times or the future being sure to outline the following key points:

• Operational energy use
• Embodied energy/carbon
• Cost of construction
• Cost of operations and maintenance
• End of life reuse/recycling

Finally, a description as to how and why using approaches such as off-site manufacturing would be appropriate in helping with the improvements recommended. All arguments made will be supported by photographs.






















CHAPTER 1
CASE STUDY DESCRIPTION

The Scottish Parliament building located in Holyrood within the UNESCO World Heritage Site in central Edinburgh is described to be “the home of Scottish democracy” (Scottish Parliament, 2023). Figure 1 shows and aerial view of Holyrood 

Figure 1
[image: Aerial view of Scottish Parliament building at Holyrood in ...]
An aerial image of Holyrood (Masterton, 2022)

Holyrood serves as an essential place for the members of the Scottish Parliament to gather to make choices on a wide range of matters and, to host democratic procedures, discussions, and decision-making on subjects that fall under the Scottish Parliament's authority.

Holyrood being situated in the central of Edinburgh promotes easy access for both the public and politicians or any other official that uses or wish to use the facility. The ease of access for the public allows for an ease in engagement with parliament proceedings. 

The surroundings as seen in figure 1 is quite scenic which promotes an aesthetic appeal which will give a positive impact for political activates. Also, Holyrood is described “as a symbol of the democratic freedom of the people of Scotland” (MacLeod, 2020). Its placement being opposite to the Holyrood palace also known as Holyrood House, which is the official British Monarch residence in Scotland, the palace and can be seen highlighted in in figure 1 by a red box.  








The Rt Hon Lord Fraser of Carmyllie QC stated in the Holyrood inquiry that “once it had been erected, it immediately became one of the best-loved pieces of public art anywhere” (The Rt Hon Lord Fraser of Carmyllie QC, 2004). Construction began in June 1999 and had an original completion date of 2001 but did not finish completion until 2004, it was opened by Queen Elizabeth on October 9th, 2004 (The Scottish Parliament, 2011). 

The project is known for its late delivery caused by various challenges and delays which also led to the project being extremely over budget. The original budget was set at £40 million pounds but in the end, cost exceeded £400 million pounds, with the late delivery and vastly exceeding its budget this led to an inquiry being conducted to find the root cause (Scott, 2003). In the end, the inquiry found that poor or mismanagement along with poor communication was the cause (The Rt Hon Lord Fraser of Carmyllie QC, 2004). To date (January 2024) Holyrood is months shy of being completed 20 years ago.


ARCHITECTURAL DESIGN 

After an international design competition was held and on the 6th of July 1998 company RMJM (Robert Matthew Johnson Marshall) and Spanish Catalan architect Enric Miralles Moya were chosen to collaborate on Holyrood’s design (The Scottish Parliament, 2011). The initial concept design created by RMJM highlighted aspects that were considered during design such as infrastructure and topography should have a close relationship and that the structure should represent the land that it is built on. The design also was made to echo principles of the Scottish Parliament such as openness, transparency, and connection to the environment in its surroundings. 

The Holyrood design approach took a modern and innovative approach straying from the usual historical and contemporary design approach which was required to allow the building to blend its surroundings. Holyrood’s design approach has won over nine architectural awards, therefore this change in approach or deviation from regular designs in architecture was seen in a positive light.

As seen in figure 1 the roof has a series of undulating and curved forms, creating a visually dynamic and complex silhouette that resembles leaves which ties in well to mirror the environment like the nearby Holyrood Park it also consists of a roof garden. The roof also has different levels which incorporates well with the unlevelled terrain to the rear as seen in figure 2 and allows it to blend in seamlessly. 











Figure 2 
[image: Scottish Parliament Building, Edinburgh: An epitome of materiality by Enric Miralles - Sheet4]
An image of the Holyrood Parliament building with background. (Archilovers, 2004)

To highlight transparency a lot of glass was used on Holyrood which can be seen in figures 1, 2 and 3. This allows for natural light to enter and promote and open and accessible atmosphere. 

Figure 3 
[image: A building with glass roof

Description automatically generated]
An image of Holyrood’s Garden Lobby roof (Elder, 2004)
This 114-room building has a gross internal floor area originally in 1998 was set to be 21,000m2 but with a 47 percent increase it is now 31,000 m2 according to an audit report prepared to examine the management of the Holyrood project (Auditor General, 2000). Holyrood consists of different levels and multiple buildings making it up with it being 6 storeys high on the north end and steps down to 4 storeys on the south end.

The façade as mentioned before aims to reflect the values of transparency, openness, and connection to its surrounding, therefore a choice in materials especially the external face is very important. Extensive use of glass panels and large glass windows helped in the openness and transparency of the building. Stone, more specifically sandstone was used to help the building blend with its surroundings. 



ECONOMIC VALUE 

An Article in the Scottish Daily mail suggests that operational costs including maintenance of Holyrood in the period 2016-2017 cost the Scottish government £8.3 million (The Scottish Daily Mail, 2018). A building that was highly over budget and late to have operational and maintenance cost roughly £2 million is unacceptable this was stated in a newspaper article in The Scotsman (Lambie, 2014).

Holyrood has an energy performance rating of C however improvements can still be made to expenditure especially where heating and electricity is concerned. 

Holyrood’s social value can be assessed by the following:

Symbol of Democracy and Governance:
The Holyrood Parliament Building serves as the home of the devolved Scottish Parliament, it symbolizes Scotland's self-governance within the United Kingdom. It also signifies the democratic aim of the Scottish people. 

Architectural Significance:
Because of the uniqueness of the design, it can be seen as a landmark or an attraction many will travel to see its wonder in person. 

Public Events and Engagement:
The building hosts public events, debates, and community engagements, fostering a sense of participation in the political process. 

Educational Significance:
The building has educational value, serving as a resource for students, researchers, and the public interested in political science, governance, and history this research paper is a prime example of this.

Connection to the Landscape:
The building's design, inspired by the surrounding landscape, aims to create a visual connection with the natural environment such as the Holyrood Park.


Holyrood’s environmental value can be assessed by the following:
Architectural Design:
Techniques such as the use of natural light through the vast number of windows and glass panels will lessen the amount of electricity needed to illuminate rooms.

Sustainable Materials:
Materials such as timber was used which is the most environmentally friendly material used in construction because it has both the lowest energy consumption and carbon emission. This renewable material used in the construction of Holyrood “originates from well-managed, sustainable source” (The Scottish Parliament, 2011). 

Transportation and Accessibility:
Consideration of transportation and accessibility can impact the environmental footprint. The building encourages sustainable transportation options it is a 15-minute walk from the main train station it also has bus access, and several bicycle racks are available for both staff and visitors. 

Waste Management:
Sustainable waste management contributes to environmental sustainability such as waste recycling such as paper, glass cardboard etc. In 2021/2022 a recycling rate of 81% was reached (Change waste Recycling, 2023). 

Environmental Certifications:
The building obtained environmental certifications as BREEAM (Building Research Establishment Environmental Assessment Method) which was rated as excellent.
CHAPTER 2
STRUCTURAL APPROACH 

Holyrood’s overall frame consists of a mixture concreate and steel, the roof on the other hand is a mixture of timber and steel, an image and diagram can be seen in figure 4 of the roof’s internal components (Wood Solutions, 2018). 

Parts of the frame are left exposed internally which then incurs cost to ensure that it is aesthetically pleasing. Concrete used were both in-situ and precast which were done on the various structures that make up Holyrood.















Figure 4
[image: A diagram of a steel structure
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Image showing Holyrood’s roof structure (Parker and Carter, 2006)


INTERNAL MATERIALS

Timber
Wooden elements are incorporated into various parts of the building, contributing to both the aesthetic and functional aspects of the interior design. European Oak was the timber used, it is very popular in the UK not only it gives a beautiful finish, but it is also less likely to contract and expand with the changes in moisture which is quite prevalent in the UK. This dense timber is quite easy to work with though its density may pose some difficulty when it comes to cutting, it sands and finishes well. An image of the timber finish can be seen in figure 5.

Stone
The use of natural stone such as granite and geneiss used in certain areas, providing a sense of durability and a connection to the surrounding landscape. Figure 6 shows the interior with stone finishes.

Glass
Is a prominent material used for windows and other transparent surfaces, allowing natural light to illuminate the interior spaces by creating skylights and other elements. Laminated glass panels and windows framed with oak were used This can be seen figure 3 and 6 (Arc Magazine, 2019). 

Steel
Structural steel elements are present to provide support and contribute to the building's overall stability such as joints this is seen figure 5.

Plaster
Internal walls are finished with plaster for a smooth and cohesive appearance especially where the concrete is left exposed. 


Figure 5
[image: AD Classics: Scottish Parliament Building / Enric Miralles | ArchDaily]
Image showing the interior of Holyrood highlighting the timber finshes (Engelund, 2012)





















Figure 6
[image: Scottish parliament building interior hi-res stock photography and images -  Alamy]
An image showing the interior show casing the stone finishes (Masterton, 2017)


EXTERNAL MATERIALS 

Stone
The exterior of the building features a significant amount of sandstone, a traditional building material that provides a natural and textured appearance Kemnay granite from Aberdeenshire and a darker granite from South Africa. 

Concrete
Structural elements and surfaces left exposed, contributing to the building's contemporary aesthetic.

Glass
Like the interior the building incorporates extensive use of glass, providing transparency and contributing to the modern and open feel of the structure the skylight can be seen in figure 6 and the windows covered by oak lattices can be seen in figure 7.

Timber
Timber elements are used especially oak to create oak lattices to provide a form of privacy for persons on the inside the lattice style can be seen in figure 7.






Figure 7
[image: A building with many windows
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An image showing windows and lattices from the exterior (Anderson, 2018)


HEATING AND LIGHTING 

To monitor heating, lighting, and other elements there is a BEMS (Building Energy Management System) used which now needs to be replaced because it has reached its end of life (Duffy, 2023).

Trench heaters, underfloor heating coils are used to heat as well as cool the building. As well as windows that are high can open to provide ventilation and cooling, (Palmer, 2007). 

Lighting is very important in the building because there are Tv broadcast conducted which requires exception lighting however the lights began to fail, and an article written stated that 2-3 began to fail a year. It was estimated to cost £1 million to change the lighting in the building to energy efficient LED (Edinburgh Evening News, 2016).


The best features of Holy rood are the extensive use of glass panels and windows to reduce the amount of artificial light required even though the artificial light is still quite high. 

The use of solar panels to heat water on site to reduce energy consumption especially during the summer is also a great touch. The architecture of Holyrood is also exceptional and stands out from the regular or traditional designs of other parliament buildings across the UK.  The incorporation of modern or unconventional elements or designs has been recognised by winning numerous architectural designs. 

CHAPTER 3

Holyrood also integrates with the landscape of the area and was designed to merge well into its environment by using materials such as stone, using irregular shapes and even the rood garden. 

The building also supports history and culture by integrating the use of materials such as stone and timber into its design though unconventional still reflects a connection to the Scottish culture. The location choice was also an excellent one being that it was built on a brown site which is often a more sustainable approach than building on a green site.

Also, with the location being in central Edinburgh this provides excellent accessibility to staff, politicians and especially the public. It is also quite close to the Holyrood palace which ads to its historic importance which then makes it notable attraction. 


REGULATION AND GUIDANCE

Holyrood uses a condensing boiler which uses natural gas though it may reduce emissions and is quite efficient it still uses a natural gas which is not a renewable source therefore not as sustainable as it seems. 

Had Holyrood been built today or in the near future using a heat pump system powered by renewable electricity will be the best option. Heat pump systems allow for high efficiency, low carbon footprint, heating and cooling and release fewer harmful greenhouse gasses.  This can then lower operational cost and reduce embodied energy and carbon once the proper choices are made, less expensive to maintain rather than the condensing boiler system Holyrood currently has. 

It should also be noted that the Scottish government will ban new buildings from installing gas boilers on April 1st, 2024, which had Holyrood started construction in the future it would not have been able to install the condensing boiler system it currently has (Cushion, 2023). Heat pump systems also have a slightly longer life span as well.

Holyrood’s frame is of concrete which both in-situ and precast, however using steel as the material for its frame would have been a better option for Holyrood. Firstly, steel frames are faster to erect than concrete frames which can cut down labour costs which will cut overall cost of on-site energy consumption and overall cost of construction.

Steel also requires less maintenance than concrete and concrete is subject to concrete cancer which will need to be redone increasing maintenance costs. They both still have notable embodied carbon/ energy whether through process or installation however, because steel is highly recyclable, if recycled steel is used it has a significantly lower embodied energy/carbon. Also due to it being highly recyclable at its end of use it will reduce the waste, whereas concrete harder to recycle and less can be recycled drastically lowering its sustainability. Steel is also easier to work with and can accommodate designs easy because of its flexibility therefore it can allow for more complex designs and styles.

It is not clear whether the use of BIM (Building information Modelling) was used throughout construction but the likeliness of this is quite low, due to the project being so over budget. BIM promotes communication between key members of the project allowing for a clear flow of information and problems can be seen before they occur.

BIM can pinpoint operational costs quite early allowing for adjustments to be made before hand to reduce cost. It can also help identify total embodied energy and carbon allowing for changes to be made to help reduce before construction.

In the case of Holyrood and its bad communication and management leading to it being over budget BIM would have significantly reduced this and help identify problems and reduce delays. Maintenance is also including in BIM’s broad umbrella and thus provisions will be made and to lower maintenance whether, it is changing materials or using different systems to allow lower costs. It will also pinpoint elements that can be reused or recycled and help make proposals for the element or martials next use. 


OFFSITE MANUFACTURING 

This is defined by Architecture for London one as “Offsite manufacturing (OSM) and modular construction are methods of building where components are made remotely, then delivered and assembled on site”(Afl-admin, 2020). 

Offsite manufacturing is also known as modular or prefabricated construction it promotes fast construction because all that is done on site is assembly, because it is so fast less money is spent on labour costs and decreases material waste. It is manufactured in a controlled area which allows for quality control and elements will be produced to a very high standard. 

It is very good as it regards sustainability as mentioned above less materials wasted, less waste on site, and allows for waste materials to be recycled for other projects not necessarily related to that building. Office spaces at Holyrood would have benefited from this, constructing them off site and assembling them on site rather than building each individual office space on site. These pros of offsite manufacturing will lower operational use, lower embodied energy/carbon, lower cost of construction, lower operation, and maintenance cost and with the right designs and materials used it can increase the recycling abilities of these elements. 


CONCLUSION

Holyrood was an extremely over budget project that move from £40 to £400 plus million. The building features many good elements to help lower operational cost and promote sustainably however, there is much room for improvement. The recommendations made will help improve these aspects to ensure the initial 50-year-end of life is reached and even surpassed (The Scotsman, 2017). Building regulations, and practices are constantly changing in hopes to promote sustainably, preserve natural resources and reduce cost. 
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