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Abstract 

Modular construction has been around for a surprisingly long time, it was first recorded back in the 1600s. Modular construction can be defined as, ‘a method of construction that relies on the components being assembled in a factory under controlled conditions and then being finalised on site.’ (Higham, (2021) This research includes relevant information that evaluates the idea that Modular construction in the industry of architecture is a new idea in the 21st Century.

The several types of modular construction have been investigated such as flat pack and volumetric, research was carried out using a variety of websites and articles to support and understand the diverse types of modular construction. Data that has been used, shows research that has already been evaluated, including the reasoning for using modular construction and what this method of construction involves. The process of modular construction and arguing how the method differentiates from other methods of construction and its general relationship within architecture, has also been discussed and evaluated. 

In the introduction, it discusses a range of historical case studies, it includes a discussion relating to the question arguing if prefabricated and modular constructions prior to the 21st century are in fact considered modular in the present day. The main case study for this argument is a World War 2 (WW2) prefabricated aluminium building that is still standing in the grounds of St Fagans National Museum of History in Cardiff, in 2022, after being deconstructed at its original location and reconstructed in the late 1990’s[footnoteRef:2]. [2:  Amgueddfa Cymru- National Museum Wales, (2001), ‘Prefab’ Historical buildings at St Fagans.] 


The main body promotes modular construction, through looking at a range successful modular builds from around the UK. The three main character analysis, with the intention of understanding more about modular construction and discussing its key features that are now used in the 21st Century. Comparing back to the past approach of prefabricated buildings to discover if modular construction is in fact a new thing for the 21st Century or if it has even evolved over the years.
Firstly, the German Manufacturing company Huf Haus is discussed with some of their Modular buildings being constructed in the UK, including one of their buildings being publicised in a successful television series Grand Designs to show the success of the building, Huf Haus. Then the features of the more aesthetic looking prefabricated builds using box constructions as a demonstration into the several types of modular builds, such as the Y-Cube building located in London. Coffi Co a non-residential coffee shop located in Cardiff using the similar construction features and materials as the Y-Cube will be reviewed, to evaluate this method of modular construction. The third case study to be discussed will be the Goldsmith Street housing that won the Royal Institute of British Architects (RIBA) Stirling Prize in 2018.The fourth chapter will discuss and analyse all case studies. During the fifth segment ‘the general relationship approach of architectural practice to modular housing,’ the opinions of professional individuals in the industry of architecture with some being the architect, client, and others with experience of modular construction will be discussed. Finally, an analysis of all research will take place to summarise the information found. During the analysis, the effect of modular construction, will be discussed whilst evaluating whether modular construction is a new concept in the 21st century.
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Definition of Modular construction, the evolution, and its perception.
Modular construction is considered a term used to describe a method of factory produced and pre-engineered building units, that are delivered to the destination of a site and assembled as volumetric components or as substantial elements[footnoteRef:3]. It is known that there have been many types of modular construction methods introduced such as volumetric and flat pack. The development in the recent years shows that most types of modular methods are hard to distinguish if they are modular or in fact a traditional build when the building is fully finished. The most common and most obvious completed modular builds are shipping containers. Modular construction has evolved, leading to question whether previous known modular construction methods are now considered a form of modular construction in the 21st Century. [3:  Steel Construction, (2022), Modular Construction] 


It is a common opinion that modular construction is a “modern invention”[footnoteRef:4]. However, it has been debated on when modular construction was initially discovered. Therefore, there will be a brief historical overview of modular construction and recent day modular construction to see the development, to see if modular construction is in fact a new concept in the 21st century, and if it will be embraced and embedded into construction in the future. Modular construction was first brought to attention dating as far back as 1066. It was known as prefabrication, it included construction using burnt clay bricks, and concrete moulds used for tunnels during the invasion of England by William the Conqueror[footnoteRef:5]. The definition of what is considered as modular construction can be debated, given the fact that the tunnels themselves were not completely made in factories, only the materials used are modular, as in small pieces, such as the bricks. Another case study referring to the term modular was in the 1600’s, a Colonial American from England, designed a trusted English construction where that he could assemble and disassemble his work after shipping it across the ocean[footnoteRef:6]. However, these case studies were never documented as having used modular methods of construction. [4:  Excel Modular, (2021), ‘Did you know…? the history of the modular building’]  [5:  Buro Happold, (2020),.’Modular construction in the 21st century’]  [6:  Modular Building Institute, (2021), The (surprisingly long) history of modular construction] 


The first documented prefabrication building was almost 200 years later. In 1837 a carpenter from London, Henry Manning constructed a building called the Manning Cottage. A prefabricated build, built for his son who was emigrating to Australia. The intention was that the build would have the ability to be shipped across the world, and therefore needed to be constructed in components for ease of travel and assembled when arriving at the destination[footnoteRef:7]. According to Smith, 2010, in Prefabricated and Modular Architecture, Manning was “perhaps the pioneer in prefabrication as we might identify with today.” (Smith, 2010). [7:  Excel Modular, (2021), ‘Did you know…? the history of the modular building’] 


From 1853 the modular construction method started to increase within its popularity, more people became understanding of the method and started to use it on their own work. Records began to show a significant rise with more imports of components reaching Australia from across the world[footnoteRef:8]. The modular type of construction proved itself to be so successful engineers such as Isambard Kingdom Brunel used the method to create the Renkioi Hospital in 1855 that was situated in a village called Scutari on the Bosporus straight. It was able to hold 1000 patients and included the correct ventilation systems (high windows and a stove to provide warmth) and the use to flush toilets and have fresh water as reported by Florence Nightingale during the Crimson War[footnoteRef:9]. [8:  Excel Modular, (2021), ‘Did you know…? the history of the modular building’]  [9:  Brunel’s SS Great Britain, (2022), ‘Isambard Kingdom Brunel’s design for Renkioi hospital,1855’] 
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	Figure 1: Renkioi Hospital, 
Artist credit: John Kirk, 1856.



A further major historical discovery in modular connection is the Crystal Palace, in Hyde Park, London by designer Sir Joseph Paxton, a building constructed in glass modules, called by Norman Foster as “the birth of modern architecture of prefabrication, of soaring spans of transparency” [footnoteRef:10]. The Victorian masterpiece was disassembled and moved to Sydenham Hill in South London where it stayed for 82 years before a fire caused complete devastation in 1936. [10:  Buro Happold, (2020),.’Modular construction in the 21st century’] 

	[image: ]

	Figure 2: The Crystal Palace 
Photo credit: Encyclopaedia Britannica



Post Second World War Prefabrication
Hogan-O'Neil, 2021, pointed out that the UK, has had a “long journey in prefabrication since the period after the Second World War when, under the Housing Act, the Ministry of Works was tasked with addressing the acute housing shortage.” (Hogan-O'Neil, 2021) Focusing on buildings constructed in the 1940s, the area of Cardiff confined within prefabrication as a resort to rectify the demolition that Second World War (WW2) had impacted on homes. The prefabrication method was used due to the high impact of houses that needed to be built, this was a faster way of construction[footnoteRef:11]. [11:  Chris, (2018), Gabalfa Prefab] 


Many prefabricated buildings were designed and built in the Gabalfa area however very few remain today, one of the few remaining buildings was dissembled and reassembled in a museum near the original site in 1998 (St Fagans National Museum of History) the museum went on to name the building the ‘B2 prefab’. The prefabricated buildings were originally built in 1947 and furnished in 1950. It became well known as a design that provided large numbers of houses quickly after the WW2. The units were built to replace those of which had been destroyed in the bombing during the war, in total more than 153,000 dwellings of this kind were manufactured, with only 40 prefabricated located in the Llandinam Crescent area, some of which were 2 storey builds, however different finishes were provided to most dwellings with 4 distinct types including aluminium. The layouts however of each build stayed significantly similar. The buildings were designed to hold 2 bedrooms with fitted wardrobes, living spaces and essential spaces such as kitchen and bathrooms[footnoteRef:12].  [12:  Amgueddfa Cymru- National Museum Wales, (2001), ‘Prefab’ Historical buildings at St Fagans] 


The B2 unit may be the only aluminium prefabricated building left in Britain due to its age and life expectancy of only 10 years, which it has exceeded tremendously. With the relocation to the St Fagans National Museum of History, the structure of the prefabricated building was able to be rebuilt, thus effecting the building in one of two ways, either retaining the buildings long lasting existence or weakening and devaluing its chance of a successful structure in the future. The prefabricated building similarly designed to current modular situations, with the foundation for the construction already placed and prepared on site, awaiting the arrival of the building which seems to have arrived in sections given the evidence from the technical report of the building. This followed by touch ups on areas that were damaged, and then immediate occupation of a new resident (Williams, 2021).
 
The building clearly shows an example of a succesful prefabricated building, with it is ideal living space given at the time of construction, and it proving worthy of a strong build outliving its life expectancy (Williams, 2021).
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	Figure 3: B2 Prefab Technical report 1945
Source: Williams, 2021
	Figure 4: B2 Prefab Technical Report 1945
Source: Williams, 2021
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	Figure 5: Prefabricated house, St Fagans National Museum of History, May 2021
Photo credit: Kelsey Eady
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	Figure 6: Prefabricated house, St Fagans National Museum of History, May 2021
Photo credit: Kelsey Eady
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Methodology 
In researching material for this dissertation, I engaged in four different approaches
1. Research and documentary sources
2. Interviews
3. Questionnaire 
4. Modular construction projects within South Wales

The COVID 19 Pandemic has meant that most research methods had to be achieved remotely and over the internet. All documents located were accessible over the internet and in libraries. However, all communications were done through email, phone calls and video calls as well as the attendance of online seminars and conferences.

1. Research and documentary sources

The beginning of the research was a desktop study into UK modular construction, and if it is a new concept in the 21st century. Through the literature research, a range of articles, books, eBooks, published literature and relevant websites were studied, to understand modular construction and to develop knowledge of case studies and evidence that would be used. The articles and websites were then analysed to use throughout the document to backup arguments and facts found. The television series, Grand Designs also played a part when collecting data regarding a specific modular build designed by Huf Haus, which was then analysed and noted before writing about this case study. 

2. Interviews 

Online video calls with numerous professionals of similar backgrounds were organised, this would provide unpublished opinionated material, as they share similar background knowledge to further develop understanding of modular construction. The professionals contacted included 
· Cygnum, an offsite construction company that partially dealt with the construction of Goldsmith Street
· Steve Cranston, Project Leader for delivering net zero, Welsh Government
· Mark Giles, Design Manager at Daiwa House (Modular Construction Specialists)
· Ken Mercer, National Sales Manager, Beattie Passive
· Elfed Roberts, Head of Sustainability at Pobl, Newport housing association
· Mark Trounce, Head of Design and Placemaking at Pobl, Newport housing association
· Mark Waghorn RIBA, Director, MWD Architects
· Rob Wheaton, Head of Residential at Stride Treglown, Bristol
· Dafydd Williams, B2 Prefab curator, St Fagans National Museum of History

3.  Questionnaire.

Similarly, to the interviews a digital questionnaire was created relating to modular construction. The questionnaire was received by the professionals involved with the interview in the hope of the author receiving a response to answer the questionnaire or part in the interview, so that their opinions were executed in the dissertation.

4.  Modular construction projects within South Wales

Two visits were arranged within South Wales, to two different and diverse ways of constructing a modular build, this involved visiting St Fagans National Museum of History to see a prefabricated building that was constructed after the WW2. Additionally, a coffee shop in Cardiff Bay named Coffi Co which is a modular construction built from shipping containers, the reason for this visit given that the dissertation concentrates solely on housing is due to being unable to visit the Y-Cube building which is constructed in an equivalent manner.

[bookmark: _Toc70545368]Aims and objectives
The aim of this research is to identify whether modular construction is a new idea in the 21st century.

The dissertation will address the following objectives
· Consider modular construction as a method of post-war housing design in the UK.
· Discuss case studies of modular construction in the UK throughout the 21st century
· Find out how much modular construction had developed over the years.
· Analyse opinions and factual evidence to find out if it will be a more successful way of constructing in the future.
· Establish a conclusion to if modular construction is a new concept in the 21st Century.

Introduction to case studies
The outlook on current situations involving modular construction in the UK is still developing, the finished external appearance on buildings is visibly like other methods of construction. The chosen case studies are an element of modular construction that present themselves in a particular manor, one of which aesthetically looking like a modular build with its shed/ storage container features, another build slightly less conspicuous to the eye that it is indeed a modular construction using steel frame, and finally a debatable construction that’s traditional containing elements of modular within its build.

Three examples of domestic modular housing and companies have been selected as case studies all three of which are based in the UK. The case studies are:

The first case study is the Huf Haus a family-run business with the current Chief Executive being Benedikt Huf. In the early 1970s, Huf developed the offsite method of ‘modular construction’ creating a business from producing iconic timber and glass architecture off site, making it a successful modular company for over 110 years[footnoteRef:13]. The second case study discusses the Y-Cube modular construction. Located in London, the Y-Cube building was designed by Rogers Stirk Harbour and Partners and is a three-storey block of 36 bedrooms, made entirely of recycled timber panels[footnoteRef:14]. The third case study is the Goldsmith Street housing estate, designed by the architects Mikhail Riches and Cathy Hawley. The estate is an award winning Passivhaus scheme that includes approximately 100 new houses[footnoteRef:15]. [13:  Huf Haus GmbH & Co KG, (2021g), Huf Haus the company]  [14:  ArchDaily,(2015), Y-cube/rogers stirk harbour and partners, ]  [15:  Mikhail Riches, (2019), The largest Passivhaus scheme in the UK.] 


Additionally, there are a range of historical case studies discussed, there is one case study dating back to 1945, this is a prefabricated building named ‘B2 prefab’. A building created of aluminium, post war as a replacement for the homes lost during WW2. The architect is unknown. However, information has been gathered from the curator of St Fagans National Museum of History, Dafydd Williams to place together how the building was constructed and designed.

The research to form knowledge of this building generated from the author visiting the site it was originally placed after construction, a location in Gabalfa, Cardiff, and a site visit to its new location at St Fagans National Museum of History, to gain personal knowledge and understanding of how the building was originally constructed, with the hope of finding a knowledgeable professional to elaborate more information of the building such as the problems if any that occurred etc, unfortunately this was not possible at the time. The literature review was a major influence on for this building with contacting the curator of the B2 Prefab for more information such as how it was built and rebuilt on site, many confidential files were shared some of which was used throughout this document. The information received included details of the floor plans and materials used. Additionally, the website of St Fagans National Museum of History contains information regarding the building which was vital as part of the understanding to the prefabrication

Modular construction with design intent in the UK
Architectural design in the present day ensures that all buildings and houses are constructed within the UK are to be constructed with the environment and sustainability at the forefront Meaning all builds must consider a sustainable living space and eco-friendly construction and possible materials. This differs from pre-war design as the need for sustainability was not considered as a vital aspect when designing and building.

Sustainability plays a vital part in modular construction more so than most traditional builds, especially when considering waste. Modular builds in the present day can lessen the number of materials used only using the required sizes and reusing any leftovers in another build if needed. Meaning less overall wastage than on site constructions. Throughout the research and discussion with modular construction specialists, it is clear that most company’s use standard size materials meaning little or no adjustment on sizing. Businesses that use this method include MWD Architects (Waghorn, 2022) and Daiwa House (Appendix C). A positive sustainability factor of modular construction is travel and the reduction of carbon footprint before it is built. Another positive factor, is the need to visit the site is lessened when producing a modular construction, meaning less pollution from delivery of materials, usually with a modular build there are max 2-3 trips needed to bring the unit on site one half of the build already constructed and loaded onto cranes/lorries for transport.
[bookmark: _Hlk68865499]

Chapter 1: Huf Haus case study

About the company
The first study that will be discussed is a company that was created in Germany who have over the years evolved worldwide and become a successful well-known establishment, the company is called Huf Haus[footnoteRef:16]. Huf Haus has over 109 years’ experience dating back to the year 1912. It was founded by a German carpenter named Johann Huf. The company derived from manufacturing prefabricated homes, with its operation taking place worldwide, providing and selling houses in a Bauhaus architectural decision, based on the German Fachwerk design. [16:  Huf Haus GmbH & Co KG (2021g), Huf Haus the company] 


[bookmark: _Int_IcyqE0ae]The Huf business started as a sawmill and carpentry business in the Westland. The company began to grow in 1958 when Johann Huf was awarded the privilege to build the German pavilions and the Arab pavilion, further development raised within the Huf industry when they started to build houses in the Westerwald in 1960. Over the years the company evolved. In 1985 Huf brought together all their forces and focused on a timber framed house ‘2000’ and its consistent further development. This enabled the Huf industry to develop rapidly, with buildings consisting of a basement with its precast concrete production plant, offering a one stop solution for houses. In 1996 the business of Huf went international with branches reaching throughout Europe and China as well as other countries[footnoteRef:17]. Booth expressed the opinion that, ”the UK is the biggest market for Huf houses in the world” (Booth, 2017). [17:  Huf Haus GmbH & Co. KG. (2020), How to create future out of history.] 


Construction of a Huf Haus according to Grand Designs television programme
The construction element of a Huf Haus was taken from a television series featured in season 4 episode 2 of Grand Designs with presenter Kevin McCloud (‘Walton the German Huf Haus’, 2004). The house features a post and beam construction, an open plan living and dining room with walls of glass that bathe the area with light even on dull days. According to the owner of the building it is “a state-of-the-art building that is not seen in this country.” (‘Walton the German Huf Haus’, 2004). The entire building took 4 days to be completed however this does not include the time it took to design and construct in prefabricated pieces within the factory.

The design process of the Huf buildings is similar and it supports the modular construction format of being designed and constructed offsite. The stages include the building being imported from Germany in selected pieces with a timber frame across three sections of the build. A concrete slab reinforced with a steel rod is then created for the Huf Haus to have a solid foundation to lay, with an additional layer of mesh and a second pour of concrete, that ensures strength to last 1000 years (‘Walton the German Huf Haus’, 2004).

Within the construction of a Huf Haus, no wet trades besides the typical finish of painting are used, which means no plaster or mortar is used. Referring to the project that was recorded on Grand Designs, after 13 hours of construction and labour the ground floor was complete, built with strength and complete with precast concrete panels, that are lifted into place to be used for the flooring on the first level. After another day passed the prefabricated staircase and balcony were placed. With half of the upstairs complete day 3 consists of the room being set out and with roof panels also being lifted into place. These stages were complete using only 5 workers, with an additional 2 being required for the finishing process. The final stage involves placing the roof tiles with additional small touches to be made before the building is complete. After 4 days of construction the building is then completed with a watertight sealant, then a strong firm standing building is in place. However, the interior wiring and plumbing is then set to take an additional 4 months to be completed (‘Walton the German Huf Haus’, 2004).

Huf Haus Materials
From all gathered information from the researching of the Huf Haus, all materials are similar throughout, despite the different layouts in design. The literature research shows that Huf Haus use hidden materials like any other popular modular/traditional builds by using timber framing separated into 3 sections across the building, along with concrete slabs for flooring, steel rods and steel framing. The Huf industry also work closely with Nordic spruce, this enables them to meet the standards of a high quality and longer lasting construction. They ensure their materials are weather resistant with each corner placed perfectly together with less than a 5mm difference and connected with a rubber seal which prevents liquid substances from getting into the build, which makes it 100% watertight and it makes sure that it is dried by controlled methods and glued in narrow slats. This form of construction and use of materials ensures a visually appealing build with good weight baring capacities and dimensional stability (LoveProperty team, 2021).

The large roof overhang is also a major element to the Huf Haus design and provides additional protection against the elements[footnoteRef:18] The interior materials are also included within the Huf Haus and assembled onto the wall compartments within factory settings. This includes components such as blinds and locks. Insulation materials are also thoroughly thought out with several layers of intricate roof insulation to create the ideal living temperatures throughout the entire year, including summer and winter months. Separate roof insulation is also placed in the roof that prevents corresponding outdoor temperatures from penetrating areas within the building. Triple glazing windows play a vital role along with the external wall itself as the insulation of this area is provided on the outside of the building. The walls come readily assembled with its render attached, this is the only company anywhere in the world that creates buildings this way. However, this does not necessarily mean additional insulation panels cannot be added to the inside of the building to adapt with its surrounding climate. (‘Walton the German Huf Haus,’ 2004). [18:  Huf Haus GmbH & Co. KG, (2021a), Always well covered] 


Sustainability
Sustainability is a crucial factor to consider when designing homes for the present and future, Huf Haus strive to reach these standards in every build created. From research into this company, Huf Haus prioritise sustainability within each of their buildings they design. One building specifically named Odyssey, an ART 6 family home, managed to win a gold award for its design and sustainability methods taking it to the highest DGNB (German sustainable building council) possible. However, since then Huf Haus has managed to better the placement of this award in the UK, with providing more than the DGNB platinum standard, which is credited with every Huf home. Another factor ensuring the sustainability of these homes is that no Huf home has ever used a fossil fuel, and Huf provide residents of the units with an opportunity to live a carbon neutral life.[footnoteRef:19]  [19:  Huf Haus GmbH & Co. KG, (2017), Sustainability Established in lifestyles] 

The owners of the Huf Haus Odyssey commented on the sustainability element of the Huf Haus, and how it has reached its own personal standard “Sustainability is important to us – our goal is to do all we can to ensure our impact on the environment is minimal.” (Booth, 2017) The owners of Huf Haus have stated that they drive a Tesla, an electronic car, so that they can be eco-friendly, they believe that living in a sustainable and eco-friendly house is a logical next step suggesting Huf Haus met the criteria at a personal level for clients in a sustainable manner (Booth, 2017).

Period of completion of a Huf Haus Modular construction. 
The time of the construction is very narrow, with the organisation of the build taking longer than the construction itself. The information retrieved from the television series Grand Designs, shows the time of construction to be 4 days, completed to an outstanding standard. It usually takes around a week for the building to be built and watertight, however this does not include factory manufacturing times which usually takes 6 months, including the design and planning. Additionally, the time for production, interior assembly and decoration on site takes a further 6 months. Overall, the creation of a Huf Haus from the first tender to 100% completion takes around a year (‘Walton the German Huf Haus’, 2004). However, Huf workers still manage to complete and produce 200 houses per year given that the workers are split into teams, building separate elements of the building, and then combining the pieces at the end of production (‘Walton the German Huf Haus’, 2004).

Living Space
[bookmark: _Int_h2QHFYj0]Huf houses are made to be an appropriate size to support family living, meaning they are large enough and spacious enough to be lived in by many individuals. The Huf houses are cleverly designed with large windows making the surroundings of the building give the illusion of a much larger space than reality. After research into different examples of Huf houses located around the UK to have an insight on their differing circulation spaces and overall building sizes, the discovery of floorplans were made and have been attached below. Some buildings contain an open plan living and dining room with walls of glass that bathe the area in light even on a dull day, whilst others are more traditional methods of rooms being separated throughout the building.
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	Figure 7: Ground floor plans of the Art 6 Huf Haus
Photo credit: Huf Haus, 2022
	Figure 8: First floor plans of the Art 6 Huf Haus
Photo credit: Huf Haus, 2022
	Figure 9: Basement floor plans of the Art 6 Huf Haus
Photo credit: Huf Haus, 2022



Cost of a modular Huf Haus unit
The public associate the Huf Haus company with building houses from a kit, implying that it is a cheap form of housing construction. Peter Huf claims that the word ‘kit’ is used incorrectly, suggesting that if it were in fact a ‘kit’ it would have already been planned out and only require the framework. When in fact a Huf Haus is considered the opposite, and that a Huf Haus is built to a customer’s specification. However, the building is to look like a recognisable Huf Haus. This suggested that Huf houses are not exactly cheap for the customer to purchase, from a couple’s experience of building and creating their own Huf Haus they needed £450,000 to have their finished Design (‘Walton the German Huf Haus’, 2004). In 2019 it was shown that the cheapest Huf Haus, a 160sq metre build, the smallest of which they offer, had a supply and build cost of £385,000 this excludes cost of land, foundations, landscaping, and legal fees[footnoteRef:20]. [20:  Huf Haus GmbH & Co. KG, (2021d), Huf Haus the original. Since 1912.] 


Quality of a modular build
From the information gathered about Huf Haus, it is clear to see that quality of build is an extremely important factor to the build for it to work and be successful. Given that the building is constructed in compartments, all elements need to be connected almost perfectly for the structure to be secure and sound. From information provided on Grand Designs in relation to the Huf Haus, the statement given by a worker of Huf mentions that precision and quality is key, each compartment of the Huf house must be precise and no more than 5mm out of place for the design to work. According to Peter Huf it has not yet gone wrong in all the 5 years he had been doing it, after Kevin McCloud questioned him on the post and beam frame along with the additional watertightness and how often this placement goes wrong, this statement was made in 2003 (‘Walton the German Huf Haus’, 2004).

The Huf Haus is known for its seamless and tranquil design. The company states that they only build with biologically assured and high-quality materials. Furthermore, the effect of the house being manufactured in the Huf production facilities guarantees that the in-house production products adhere to the stringent sustainability standards but also reduces the co2 emissions through shorter supply demands, helping the environment with its sustainability aspect further. When admiring a building aesthetics, it is always ideal to be able to identify the architect that produces it. As stated by Kevin McCloud himself “all the Huf houses I’ve seen are recognisable Huf houses they have a very strong look” (‘Walton the German Huf Haus,’ 2004). However, this relates to the external appearance of the building with having a pleasurable look, its questionable if the building can indeed be recognised as a modular built house from its finishing’s. There is no specific way to determine, when a fully constructed Huf house is a modular build from when fully completed. Just the same as any other build its difficult to define what is modular and what is not if the process of the construction is not observed. 

Life expectancy of a Modular Huf House construction 
The typical modular building holds the life expectancy of 50 years, however in comparison to the Huf Haus modular construction which estimates a 1000-year life span. That also includes warranty from the Huf business, meaning that they will help restore and service the building keeping the building in shape after handover, this service is carried out by ART a company that revolves around the Huf industry. The Huf company state “a life-long partner for you and your home” thus suggesting the expectancy of the building to be a long-lasting dwelling (‘Walton the German Huf Haus,’ 2004). 



[bookmark: _Hlk62472134]Chapter 2: Y-Cube case study

Y- Cube is a modular social housing in Mitcham, London by Rogers Stirk Harbour and Partners. A block of 36 one-bedroom apartments, Y- Cube was designed in 2013-2015, with the total cost on completion as £1.6M. The London based client was YMCA London southwest, who was aiming for an economical and innovative housing solution, that would be affordable and provide young people with accommodation[footnoteRef:21]. [21:  RIBA 1824 ltd, (2016), Y-Cube] 


The Y-Cube building is made up of elements in a prefabricated modular condition. The building is placed together by adding and subtracting units, quite like Lego pieces. The units arrive on site fully serviced with everything incorporated into the buildings. All that is not complete is the attachment of pipes i.e., water and heating that is easily fitted once the prefabrication unit arrives on site[footnoteRef:22]. The building is delivered to site via lorry and lifted into position using a crane. The method does not require any scaffolding, however in comparison to a Huf Haus the total construction period on site was five months making this a rather long time on site compared to the week-long build offered by the Huf Haus. Overall, the construction consists of a modular system using volumetric technology that enables the units to be stacked alongside or on top of each other, therefore using the space on site wisely and making it adaptable. [22:  Heimann, (2015), Y-Cube- a solution to the housing crisis] 


The materials used within the building consist of using a volumetric timber system, where workers then complete the look of the building by hand. The building is created by using lightweight timber panels, an eco-efficient primarily renewable timber so that the achievement of code 6 for sustainability is met, with a generous layer of insulation that, reduces the residents heating bills by up to 80%, in-between these panels which is used to finish the structure with an air and watertight block[footnoteRef:23]. Glazing and cladding are also a major factor securing the thermality of the dwelling as well as its acoustic performances.  [23:  Rogers Stirk Harbour + Partners, (2015), Y-Cube] 


These modular dwellings previously hit the target for Code for Sustainable Homes 4 and Code for Sustainable Homes 6, however this publication was withdrawn in April 2015 and replaced with an incorporation of optional building regulations on water and access, that were expected to take place in October 2015 after the dwellings had already been completed. The residents bill however had the potential to be reduced by up to 80% due to its well-insulated framework increasing the heat within the building meaning that electricity performances were lowered, and heating bills were reduced[footnoteRef:24]. [24:  Rogers Stirk Harbour + Partners, (2015), Y-Cube] 


The speed of construction in comparison with a normal dwelling is still significantly quicker on site given that a construction on a dwelling usually takes around a year to complete. with Y-Cube the time of construction lasted around 5 months to complete. Given that so far, its proven that modular construction is a faster and more effective way of producing dwellings in the present day than regular traditional construction methods, as it can be completed within a factory setting and allocated to a specific location from there already constructed.

The whole design itself contains 36 units; each unit is designed for one occupant meaning a total of 36 people live on site. The size of each unit has a net area of 26m2 with a ceiling height of 2.5m high each unit coming fully equipped with furniture and finishes to the design, the total gross floor area for the entirety of the dwellings shows at 1,640m2 meaning the size proportion in relation to its occupants seems reasonable as each dwelling is only designed for a temporary stay of 3-5 years[footnoteRef:25], as a cost-effective home for first time buyers, or people struggling to afford accommodation. Additionally, that circulation is considered when designing the build with its included utilities and furnishings, ensuring that movement space is available to the occupier. [25:  RIBA 1824 ltd, (2016), Y-Cube] 


The idea based around Y-Cube is that its affordable to the occupiers, the materials used are recycled panes of timber, meaning a cheaper way of construction in comparison to if new materials were to be considered. The total project of construction itself as stated previously had the finishing cost of 1.6 million[footnoteRef:26] meaning each dwelling cost £44,500 to construct. The cost of an average UK home to build is anywhere between £1,250-3,500 per m2 meaning the average price to build is 2,375 x 26m =£61,750 using the information given to calculate the price of a unit of the same size, meaning modular construction is also a cheaper way of construction. [26:  Rogers Stirk Harbour + Partners, (2015), Y-Cube
] 


The quality of the building is reflected by the overall cost of each unit, and its selected materials along with its type of construction. As previously stated, the building is made from high quality, and eco efficient materials, at the time, the building managed to comply with its code for sustainable homes level 6, due to its construction of highly insulated walls prefabricated in a factory condition.

Similarly, to Huf Haus, there Is no physical appearance to indicate from a building's aesthetic that the Y-Cube is in fact factory constructed as a modular build. however, this type of unit appears as a more shipping container like aesthetic meaning the look of the build shows a more ‘Lego piece’ sort of appearance showing that each unit is in fact placed onto each other as a component. The physical appearance of the building also shows a vibrant and colourful finish to the units, standing out from its surrounding context in London. 

The life span of the building is not shortened due to its method of construction however, from research of the building, the life span of occupancy is aimed at 5 years given that this is temporary and ‘semi-permanent’ stay for first time buyers, however the buildings aim of life span states a 60-year design life[footnoteRef:27]. However, this is not including the changes that could be made on the site in the meantime. Furthermore, the construction is deployable, this allowing for movement and if needed a relocation ability onto other sites. [27: Rogers Stirk Harbour + Partners, (2015), Y-Cube
] 



Chapter 3: Goldsmith Street case study
 
Goldsmith Street by Mikhail Riches and Cathy Hawley in Norwich is designed as traditional construction and embodied many additional features to ensure that the building met Passivhaus standard and was an overall sustainable build. For this to be achieved supportive companies that meet a sustainable standard were used. Cygnum, an offsite manufacturing company that specialises in timber framing[footnoteRef:28] was used to provide the frame of the build[footnoteRef:29].. [28:  Passivhaus Trust, (2022a) Goldsmith Street]  [29:  Cygnum,(2022) Cygnum building offsite-About] 


Construction of Goldsmith Street
Based on the information gathered for the Goldsmith Street dwellings, the majority of the construction took place off site with a company called Cygnum. This company, an offsite timber frame manufacturer took control of the roof and frame elements of the build by using timber insulated panels[footnoteRef:30]. Furthermore, the lead construction worker R.G. Carter aimed to deliver an energy efficient and airtight construction with over 49 variations of mechanical ventilation with heat recovery systems[footnoteRef:31], meaning the precision of the work needed, to carry out the construction and design of Goldsmith Street had to be conducted on site as an insurance that components of the building are placed in the correct manner, therefore implying only the basic constructional background of the dwellings can be conducted off site. [30:  Wood for good, (2022) Goldsmith Street]  [31:  R G Carter construction, (2022) Goldsmith Street] 


Materials
The materials used to create the Goldsmith Street dwellings consist of timber insulated panels, as stated these were manufactured offsite supporting the use of modular construction. As they were constructed this way the reduction of materials that would usually be wasted was reduced. Additionally, the walls and roof thicknesses were able to be kept thin, allowing for more insulation to be fitted within the thermal envelope of the building[footnoteRef:32]. Other materials of the construction include brick cladding with Cemex mortar for the external appearance along with black clay pantiles for the roofing material with an additional polypropylene carbonate (PPC) aluminium detailing, and triple glazed glass followed through with aluminium framing to suit the remainder of the build (Geoff, 2019). [32:  Wood for good, (2022) Goldsmith Street] 

Sustainability of Goldsmith Street
For Goldsmith Street to ensure its aspect of sustainability throughout the entire process from tendering to finish, the designers and construction workers worked hard to perform implements within the street layout to optimise solar gain. The design of the construction entailed a 16-degree pitched roof for natural heating and light sources to travel to the lower windows of other terraces[footnoteRef:33]. [33:  R G Carter construction, (2022) Goldsmith Street] 

 
The use of an offsite constructional method not only reduced the materials used throughout the construction but also had a substantial impact of the loads that were carried into site, the reduction of construction traffic was lessened with the frame and panels being done within factory settings. The additional 90% of trades used for the construction were located within a 40-mile radius[footnoteRef:34] of the site meaning reduction in long distance travel as well as adding value to the economy. [34:  R G Carter construction, (2022) Goldsmith Street] 

 
The achievement for passivhaus suggested that homeowners within the Goldsmith Street vicinity would average on £150 per year on heating costs[footnoteRef:35] and energy costs generally are 70% cheaper (Keskeys, 2022) [35:  Wood for good, (2022) Goldsmith Street] 


Time and speed of construction
The development to the site of Goldsmith Street began after Mikhail Riches won the RIBA national design competition in 2008, however financial issues occurred until the housing revenue program in 2012, This led to the planning permission beginning in 2016[footnoteRef:36] and designing and construction beginning shortly after suggesting three years of construction due to the completion year of the estate being in 2019[footnoteRef:37]. [36:  R G Carter construction, (2022) Goldsmith Street]  [37:  Passivhaus Trust, (2022b), Goldsmith Street delivers economies of scale] 


Circulation spaces
The suggestion made by Mikhail Riches himself indicate the houses being constructed with the bare minimum in mind. In addition, it is noted that the floor plan indicates a generous room size as a way of proving affordability for the size of the build (Keskeys, 2022).
	[image: ]

	Figure 10: Floor Plans, Drawings of Goldsmith Street
Photo credit: Mikhail Riches


 
Affordable housing
The funding for Goldsmith Street formed from the Norwich Regeneration Company, (an entity set up by the council in 2015). The size of the buildings indicate that the building can be assured as affordable. The overall cost of the project that took place averaged at around £15M, as it delivered 105 homes achieving around 83 dwellings per hectare. Meaning £1,350 per m2[footnoteRef:38]. [38:  JCTNews (2018), Goldsmith Street] 


Quality
This award-winning RIBA Stirling Prize winner[footnoteRef:39] shows an estate made of quality and precision with the means to better the future within its design. The well thought out build complied with Passivhaus standard as well as thinking of ways to reduce cost whilst living and constructing in the area. The use of offsite and on-site construction shows that both methods were considered to ensure the quality and standard of the buildings were met. Aesthetic to the finished build appears as quality Victorian dwellings designed with flats as well as individual units as a way of making the most of limited space within the site (Geoff, 2019). The complete process was well thought out and executed in a successful manner. [39:  Mikhail Riches, (2019), The largest passivhaus scheme in the UK] 

 
Aesthetic Appearance
The building required a 16-degree angle on the pitched roofs of the dwellings as an element of sustainability so that the natural light and heat could reach ground floor windows of dwellings situated behind. Additionally, this added to the uniqueness of the dwellings[footnoteRef:40]. From the finished and furnished design of the building the appearance does not show any element relating to what method of construction was used, meaning the modular element to this building is discreet adding to the affect and questioning if this building can indeed be associated with a modular construction build. [40:  R G Carter construction, (2022) Goldsmith Street] 


Is Goldsmith Street modular construction?
As stated, this building can arguably be classed as prefabricated like modular over traditional. Given that the build contains elements of a traditional and prefabricated build, the answer lies within the purpose of the build. Modular and prefabricated, most of the time is a sustainable way of constructing due to all its advantages linking to the environment. Given that these builds are at passivhaus standard and support the need of sustainability immensely, it leans more towards prefabricated construction given that most of the build as stated was constructed off site meaning less waste and a reduction in the emission of co2 through travelling. It would be more beneficial for the architect to associate these builds as a form of prefabrication due to its representation of sustainability over traditional and what the architects are aiming to achieve from the design and construction of the dwellings. The reason for the building appearing as more of a prefabricated building over modular lies within its construction methods, given that it was constructed off site in components and placed together with other elements on site it cannot be called modular in the correct manner as the build wasn’t compete with mechanical, electrical and plumbing (MEP) finishes and with fixtures already installed. However again can argue that the element of the build is in fact modular due to the framing of the build being constructed and fitted offsite (Jones,2020).
[bookmark: _Hlk62472078]

[bookmark: _Hlk57978122]Chapter 4: Analysis and comparison of case studies 

All case studies, each have a form of modular, imposed within their construction showing a development overall in the modular industry since the B2 prefab building dating back to 1945. This is due to buildings adapting and becoming more complex due to the development in technology, construction firms now using data to ensure better decisions, and increase productivity (Jones, 2020). Development in technology has taken place to better the whole of the construction industry in the 21st century, it seems from the research of modular construction that advancements have improved the way modular construction is designed and manufactured.

Huf Haus use the same construction strategy to produce their dwellings as they did when they began, in 1912[footnoteRef:41] “In the early 1970s Huf Haus developed the technique of producing iconic timber and glass architecture off-site and revolutionised the classical timber frame construction industry”[footnoteRef:42]. However, the buildings finished appearance shows quite an aesthetically modern look. [41:  Huf Haus GmbH & Co KG (2021g), Huf Haus the company]  [42:  Huf Haus GmbH & Co KG (2021g), Huf Haus the company] 


Throughout the research of all three case studies, it becomes apparent that modular construction can be portrayed in diverse ways, thus meaning the dwellings of each case study have hugely different finishes, some making it clearer than others that they were designed in a modular construction manner. The range of modular construction forms, from modern futuristic looking buildings to buildings created in a volumetric manner that have an appearance more like storage containers in the shape of simple box such as the Y-Cube building.

The research gathered promotes the idea that modular is in fact a new concept in the 21st century being that prefabrication appears to be used as a method in older buildings as opposed to the new buildings created. This could be due to the technological advancements over the years as stated previously. On the other hand, prefabrication is also still in use today, meaning that modular has not replaced this method only progressed it further. For example, Goldsmith Street using prefabrication to construct the frame of the build, and Huf Haus using prefabrication to an extent within the design of flooring and walls. However, it is possible to argue that modular construction isn’t a new concept in the 21st century, as companies such as Huf Haus have used the same method of construction for over 110 years[footnoteRef:43], suggesting that the method has just evolved through technological advancements. [43:  Huf Haus GmbH & Co KG, (2021g), Huf Haus the company] 


The Y-Cube, appearing more visually modular than both other case studies mentioned, with a volumetric aesthetic to the build, gives us an insight into modern day modular architecture, in comparison to the prefabricated building created post-war and yet both constructions appear as box modules. The development from the 1940’s prefabricated building to the current day constructions of modular buildings contrast from their source of materials and lack of technology systems, meaning a more quality finished build in the 21st century. As stated by Wallance “volumetric modular construction, a decades-old method primarily used for building wood-frame houses and low-cost temporary structures, has in recent year been adapted for high rise urban housing,” supporting the theory of a development within the technology on modular construction (Wallance, 2021).


Chapter 5: General relationship approach of architectural practice to modular housing.

The relationship relating architecture practice to prefabrication and modular differ from practice to practice depending on their preferences to design in general. According to Hogan-O'Neil, 2021, in prefabricated and modular architecture, “Modular building commonly referred to today constitutes the assembly of prefabricated parts, components and sub-assemblies to create a completed modular unit or module.” (Hogan-O'Neil, 2021) This shows that even today the language used to describe modular buildings includes the word prefabricated. From the research gathered throughout the interviews conducted, the information varied from each professional opinion.

Financial debate
[bookmark: _Int_K3rG66i6]The opinion of professionals agrees that there is a future within modular construction given its growth in the type 2 category[footnoteRef:44] . However, now it would not be ideal financially to go volumetric within modular industry thus until prices shrink lower than a traditional construction which will then be “game over for everyone” (see Appendix B). In order to back up the statement a questionnaire was introduced to professionals in the industry of modular architecture and 50% of respondents from the questionnaire feel as though modular is a new way of constructing, and most agree that it will be the future of construction. Due to the current demand of constructing 350,000 homes, modular construction can speed up the process of construction and produce dwellings with less risks and equivalent quality. Bayliss and Bergin, 2020, wrote that there is ”an annual shortfall of 100,00 homes,” which shows there is a need for a faster-building method to be used. (Bayliss and Bergin, 2020) Additionally, this helping the environment by reduction in carbon emissions with its mass construction, and overall having the ability to appreciate modular construction, no matter the expense to initially construct (see Appendix D). [44:  A modular type 1 category is 3d volumetric builds whereas a modular type 2 category are more like panels and flatpack constructions.] 


A modular construction provides certainty with materials and the finished look for the client, because of the clarity they receive it is more expensive than a traditional building cost, given that the method of construction is a more unique way of building although 50% of respondents say that modular construction is overall more cost effective (see Appendix D). However, the longevity of a traditional build is more known to withstand harsh conditions than a modular method, this due to the legacy of a traditional build in comparison to no legacy given the method is relatively new.

Modular construction appears more popular in social housing companies as they receive grants and aren’t living in the dwellings that are being built. An incentive for others in Wales to use modular however, include 10% offer by the Welsh government (see Appendix A).

Currently potential collaborations regarding a modular construction in South Wales tend to go nowhere as manufactures aren’t available for this kind of production, and therefore clients will travel to areas such as London to ensure both manufacturer and factory. Additionally, warranty providers are rather conservative of this type of construction including the National house building council, (NHBC) however they have evolved over the past 5 years to support modular (see Appendix A) “we are at a critical stage in the development of modern methods of construction (MMC). We are proud to be using our scale, expertise and knowledge of house building to work with manufacturers to provide developers”[footnoteRef:45]. The allegation of being conservative can also be said for mortgage providers as they aren’t comfortable with this method of construction. There are insurance companies like Bopas who dedicate themselves as a third-party insurance team that persuade the mortgage advisors to lend (see Appendix B). [45:  National House Building Council, (2022) NHBC Accepted products and systems] 


A modular construction can be dismantled and re assembled this shows advantages and disadvantages hugely with the method. Mortgage companies dislike the element of investing into a project for it to be moved or broken down into components before it is paid off. However, the possibility of being able to move locations, add or take away elements of a build are attractive to customers.



Flexibility within a modular design
The modular construction process depending on the differing companies can be associated with a lot of flexibility within the designing of them, opening privileges for the customer at a cost, the Daiwa company is an example of this as well as housing developer Urban Splash who offer flexibility to their clients to change anything, whilst Ilke is quite the opposite. This is due to Daiwa working more on site, therefore having the capability for change, however it’s noted that a finished Daiwa build fails to look factory finished with wires and cables on show (see Appendix A). After challenging individuals with a questionnaire 25% of the respondents answered that they construct their design around the client, still using an offsite construction to produce the unit just offering more flexibility throughout the course of the construction (see Appendix D).

The flexibility within a building can also be associated with its sizes given that it must be placed on the back of a lorry for it to be transported leaving little room for adjustment and personalisation. However, an advantage in relation to transportation includes less trips to and from site as materials etc are all included within the unit, arguably it could affect sustainability if modules must travel from differing countries. 

Quality of a modular construction
An advantage for building offsite within factory conditions is that the quality is better as there is more quality control within a factory setting, being able to sign papers off ensuring they are completed properly leaving minimal space for error (see Appendix D). The modular build is more likely to appear better quality with the building being more airtight than other forms of construction due to the dwelling being constructed under supervised conditions, this also meaning the dwelling will be cheaper to run long term (see Appendix C). Thus, said even in view of building erection being significantly faster, as foundations can be placed during the time of construction of the units in the factory.

The quality of a modular build should not differ from a traditional build in relation to the materials used. If the material and detailing carry the same performance guarantee, there is no reason for the durability to differ given each material has a life cycle of at least 60 years and a structural warranty of 10. Similarly, the life cycle of a modular dwelling should not differ due to its constructional method according to a respondent the life expectancy may potentially be longer in a modular build, however modular builds are more complex and therefore will be difficult to secure adaptions (See appendix D).

	
	

	Figure 11: Quality within modular construction (analysis of responses to Q8 contained within Appendix D)
	Figure 12: maintenance within modular construction (analysis of responses to Q13 contained within Appendix D)



Factory construction advantages 
Factories that produce modular construction have majority of employees living within a 10-mile radius, advantages of this include workers can be people of any background, age, and not needing qualifications in this sector as well as the job not appearing to be a gender dominated field (see Appendix D). This also being more sustainable as workers are not having to travel on site. As the modular dwelling will be constructed under factory settings, it is cost effective due to reduction in security costs on the site, (see Appendix C). Additionally working in a factory can mean you do not have to worry about weather, and the method does not require a performance gap meaning the work can continue. Furthermore, the likelihood of a safety risk is slim with not having to work from heights and with falling objects. Wastage is also lessened within factory environments. A factory in Clydach use their wasted materials to power the heating system within the factory as well as turning dust in pellets, and a sawmill in Herefordshire cut all their logs to set dimensions to minimize wastage also (see Appendix A).



Disadvantages of a factory construction
The flowing consistency in the factory is a big effect when considering the construction of a modular dwelling. With the range of busy and quiet periods it impacts the need for workers and therefore causing the business to lay off unneeded staff. Additionally, during circumstances such as Covid-19 or factories being in other countries it affects the capability to have a reliable update on the buildings processes other than having an online conversation (see Appendix B). Bayliss and Bergin, stated that “many factories in the UK closed briefly during the first few weeks of the pandemic,” this suggests that factory production would have been longer and delayed any potential modular houses being produced. (Bayliss and Bergin, 2020) For modular houses to succeed there needs to be sufficient supply of orders in the factory pipeline.

Modular setbacks
Reasoning for limited progression within the modular industry usually occur due to setbacks with travel, such as narrow lanes and low bridges as a wagon would typically carry 4m of a unit and may need a police escort, a company named Beattie Passive experienced this difficulty and had to cancel their entire project even after receiving planning permission (see Appendix A). This issue causes affect with many other companies as well as cost to build a dwelling meaning they are unable to get orders and are going bankrupt. The way to counteract this effect, is to lessen the price of constructing dwellings by creating them in mass production, if the reduction of cost were changed when designing a single dwelling the quality would suffer (see Appendix B).

The debate between the respondents’ opinions, on the noticeable difference between traditional and modular construction include 75% of the individuals leaning towards a vast difference within the methods of construction. Due to reasoning such as material cost and quality, with modular costing more to be constructed, and of course with modular taking place in factory settings rather than on site, other opinions included the detailing and finishes of the building being significantly different, this supporting the case study of Y-Cube being that the buildings appearance touches upon the construction of a volumetric finish (see Appendix D).

In order for numerous modular builds to be done at any one time, it means a source of storage. This can be associated with a setback in modular construction for multiple reasons including cost, the modular dwellings may need storage for months until the site and all remaining dwellings are finished, which will mean a costly budget if those facilities are not available within the factory premises. Leaving modular builds unfinished and unattended for a period of time can also lead to damage, this may be unrepairable or a timely and costly repair. Most damaged volumetric constructions need “more involvement” to correct the drawbacks (see Appendix C), than a traditional build thus due to most elements of the build being conjoined.

Can individual materials be associated with modular?
Supporting the argument of Goldsmith Street being a modular construction 50% of the respondents contribute to the argument that other elements such as materials can be associated with modular, given that components such as bricks are prefabricated off site and are affiliated as a building module suggesting a form of modular construction, however generally the initial concept of modular is to consider the more complex assembling constructed off site, such as generating a kitchen and or bathroom (see Appendix D).


[bookmark: _Hlk70092154]Conclusion 

There have been a variety of arguments and research regarding the modular construction industry and if it is in fact a new concept in the 21st century. From all information gathered many arguments and points of view of professionals show that the answer to the question is no, modular construction is not a new concept for the 21st Century for the following reasons.

The outcome of modular construction and if it is in fact a new concept in the 21st century comes down to what is perceived to be modular and people's personal preference. Hogan O’Neil, 2021, highlighted that there are “negative perceptions surrounding prefabrication” and that they continue to exist, as people “have remained as a mindset resulting from example of poor design or poor construction or both.” (Hogan O’Neil, 2021) This statement shows that people's personal preference is having an influence on the construction market. As stated at the start of the dissertation, prefabricated buildings could be classed as the breaking down of the brick being made in a factory circumstance meaning an element of modular. However, today this is not perceived as modular and in fact just associated with an element of manufacturing. 

The debate of when modular construction first entered the industry of architecture derives from past constructions, with buildings being constructed in a prefabricated timely manner offsite to provide accommodation for others thus dating back to the 1600’s. supporting this Davies states “modular construction, then usually called sectional, was another technical development which, though not new, was given a push by government sponsorship” this suggesting that perhaps modular construction isn’t a new concept in the 21st century and that it has adapted in its meaning over time (Davies, 2005). 

From all information collected, and all the analysed data from desk and field research ensured that there is an understanding of the factors and elements needed within a modular construction, along with what is associated in others' opinions to be modular. Research of each of the case studies discussed the focus of modular construction development over the past century. Anderson and Anderson in 2007, concluded that “Stylistically, many people associate prefabricated with the simple forms, flat roof, and minimalist detailing of modern buildings.” (Anderson and Anderson 2007) The developments have produced the effect of aesthetic appearances and the development in technology has helped to produce a finish, which forms a normal construction unable to tell if the dwelling is even a modular construction or another method such as traditional. 

Whilst all three case studies are considered a modular and prefabricated build. The Huf Haus construct dwellings, each one having a unique feature, however ensuring the finished product is a recognisable Huf Haus and that it is completed in an eco-efficient way, in addition to protecting its history of quality no matter the cost of production. Huf Haus constructions are purchased by the customer with a long-lasting construction in mind. Whilst comparing this to Y-Cube that also ensures an eco-efficient design by producing their construction with used and recycled materials does not have the same intention with their finished dwelling in terms of a long lasting and quality finished build, this due to the units not being a permanent home for residents only a temporary accommodation that ensures an affordable living. The intention of Mikhail Riches similarly ensures the production of an eco-friendly build within Goldsmith Street, however the dwellings within Goldsmith Street are solely concentrated on this method, and therefore lack the capability of having an interesting and individual aesthetic appearance, unable to supply its customers with uniqueness. Thus, suggesting all three case studies show similar targets of achievement within their success and sustainability methods and all offer their clients an affordable living dwelling. 

The use of modular construction clearly is gaining popularity, the knowledge and understanding in architectural practises are expanding and therefore enable more sustainable methods of construction to be used. (Wallance, 2021), wrote about intermodal modular, he expresses the opinion that intermodal modular architecture “will be the backbone of a coordinated housing system.” Wallance believes that the industry will flourish in the global marketing as it will be economical and sustainable. The use of modular construction in domestic dwellings should be considered more due to the many advantages that this method holds, including that modular housing is more sustainable and is cost effective. The reduction of wastage is a major factor when considering an off-site construction, as well as the reduction of travel reducing pollution to the environment. The time to construct a modular dwelling is significantly quicker in comparison to a traditional build, making this an ideal scheme for mass production.

[bookmark: _Int_AxQUTCON]Throughout all the research conducted, the outcome is that modular construction is not a new concept in the 21st century. The conclusion from the research shows the difference between modular and prefabricated, given they are almost identical methods and finishings with modular rooms constructed with pre-made fixtures and prefabrication components crafted offsite and assembled on site, with the only finding being that modular is more of an innovative word to describe prefabricated buildings. The WW2 B2 prefab held in St Fagans National Museum of History is an example of a continuing and historic artifact, a form of evidence that prefabrication existed prior to the 21st century. Bayliss and Bergin, concluded that modular construction “is increasingly accepted and even welcomed in the UK as a positive way to deliver more homes, to a higher quality,” showing that modular construction is slowly being an accepted way for houses and homes to be built (Bayliss and Bergin, 2020). However, that dating back to the 1600’s maybe a dramatic effect to include their designs as prefabricated, due to being made by the owner as a cheap way of construction. The thought of making the project was in the moment as opposed to using the ideal way of manufacturing, with a factory and designing the layout of the construction itself. The reason the constructions formed in 1600’s were as a modular construction, is due to the way they were manufactured and constructed, people gathered materials to generate a building and construct it to a flat pack effect and then connect each element when the destination of the construction was ideal. The use was more DIY and make do of temporary construction as opposed to modular.
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Appendix A: Interview with Elfed Roberts, Head of Sustainability at Pobl

I have a series of questions including your opinion on modular construction? what experiences have you had? And if you think modular construction is better? Firstly, I will start off with your experiences in modular construction?

Elfed Roberts responds:
My experiences, I have obviously visited numerous factories and spoken to a lot of people involved in modular construction and visited show homes. In terms of modular construction, constructing them with the company I work for, which is called Pobl. Pobl is one of the largest housing associations in Wales. You know we aspire to and want to build more of our homes using offsite manufacturing. Otherwise known as modular construction, otherwise known as modern methods of construction. I've been involved in a project where we've constructed homes using a panelised system. So that's where panels incorporating windows and doors are manufactured in a factory and transported on site and more or less assembled together. But there's more assembly on site.

I recently visited two projects which are essentially side by side to each other. Coed Darcy now. I don't know how far away you are from Coed Darcy, Coed Darcy and just to the north of Swansea by Junction 43 of the M4 Coed Darcy is a primary plan for about 3000 homes and only about 3 to 400 have been built to date. But one of the recent projects I visited a project bike with coastal housing who are another. Off-site manufacturing company. Sorry, Coastal Housing are another housing association, and in this particular case they've built homes side by side, one using a system built by a company called Ilke. Then, interestingly, Coastal also had two homes built next door to Ilke by Daiwa House Japan and they've got a local European collaboration with a company called Jansnell, a Dutch based company, basically Daiwa and Jan Snell built to the two homes directly next door to Ilke. It was very interesting to compare the two hopes the two pairs of semis, essentially next door to each other. It's very interesting to compare them, and I think that was the reason behind Coastal wanting to have two different manufacturers side by side. The Daiwa, Daiwa house adopt a sort of metal frame. I think Ilke do two or a metal frame, so that's their essential their modular homes are based on a metal frame and there were there were there were profound differences. I think in the design and in the quality and how they both presented on site and which I found quite interesting.

So, Ilka basically don't offer anything beyond a standard range of homes that they offer so Ilke very much into standardization, they do a lot more in the factory.

Those two are very important decisions that Ilke take so that they can presumably realize efficiencies, economic efficiencies and offer that to the customer, so you don't have a great deal of customization or flexibility. You basically pick one of their designs and that's more or less what you get. And there were issues to do with where the electrical sockets were, I think coastal wanted them in different bit more flexibility about where the electrical sockets would go, but that wasn't even an offer, so that was, that was interesting.

[bookmark: _Int_sD53yyVd]But they do far more in the factory, so they do like a first fix, they do a lot more of that. They do a lot more of these finishing off type work in the factory. Whereas Daiwa and Jan Snell, they certainly offered flexibility, but they do less in the factory and more is done on site. So, the impression I got with Daiwa was that the customer had more flexibility, certainly, but it didn't feel like a factory finish, I went there and there were wires, cables, and stuff everywhere. Daiawa were quite spacious as well, they were actually at least 10% higher than the Welsh Space standard, so that was interesting.

A lot of these discussions with modular home, modular manufacturers do tend to go nowhere, but tend to drift. The eternal problem is we're looking for a South Wales manufacturer and there aren't many, uh, we're looking. They're looking for a guaranteed order book, and we're not prepared to do that without some kind of pilot project or something like that. It's just very difficult to get thing these things off the ground, and so that was one. And then we, I mean, speaking quite a lot to company called BEATTIE Passive. They run very UK based company based in Norfolk or Norwich, they build modular homes based on a timber approach. These are Passivhaus so these are modular homes that achieve Passivhaus, which certainly Daiwa and Ilke don't offer, and I think they're the only modular company that actually offer a product that meets Passivhaus standards, so you may have heard of Passivhaus. It's a German standard and it's a very low carbon approach. It's very fabric first, so fabric first requires great, U values very good air tightness, like1 or less. very good U values and you know very strong attention to detail around thermal bridging and so on. So, BEATTIE Passive have been talking to us and we and this is interesting actually we were we had a scheme in Newport where we said you know we’ll, instead of building all of these homes in the way that we intended, we'll actually build 15 BEATTIE Passive. So, this is basically a project which is halfway through will switch those 15 homes there, to build a with BEATTIE Passive. Can you do that? And they work about to prepare a price. Went to visit the site, didn't need planning because it's already got planning and if they're going to build a house is exactly the same as the planning permission. They did an access appraisal to see whether there were going to be any issues about getting their modules and getting their crane onto a site, the site that we had in Newport right next to the real rusk, they couldn't get them in because there were, two low railway bridges where there was about 3.9-meter clearance. But that wasn't the major issue. Major issue was the narrow roads leading up to the site. Along residential streets and some of the turns that they would have had to perform, they couldn't get their crane in.

[bookmark: _Int_B4aeHVYi]We’ll make a variation to our contract, it was completely on board, and we'd be happy with that, but we had to scrap the whole idea because they couldn't get out onto the site, possibly bringing it in on the River Usk. They were that desperate to do it. They were thinking about it in the end, but we just we had to scrap the idea because it's down to access, so that is pretty incredible, isn't it? So actually, in this particular case it wasn't the planning or some technical issue, it was purely in the inability to transport the modules onto the site that stopped the project going ahead.

I had an interesting online seminar the other day, have you heard of the NHBC. I'm sure you've heard of the NHBC? I attended that about a week ago. The NHBC are important because they're the main warranty providers for the for the house building industry. 

If anything goes wrong in the future and there's a way of going back to the warranty provider to get things fixed and these are the kind of sort of major cracks or settlements and things like that. You know, major issues that can happen on buildings long after even contractors have gone bust or something that you know if you've got a warranty.

But it would be NHBC that they're the kind of the big player, and they I think they were quite slow to get on board the whole modular construction kind of thing, so their attitude towards modular construction has certainly improved over the last five years. They’re basically now saying that that we are happy with MMC, but obviously wanted to meet certain tests and certifications and so on so every single aspect of our modular built home, from the way the Render board is fixed on the outside or it's fireproof cool, but properties, the windows, or the way the buildings fix to the foundation. Every single aspect of that, the NHBC look at and test. They will only provide warranty when they are 100% certain that the systems are capable of being supported in terms of their technicality.

I think that's why more people aren't using modular has been things like warranty providers being rather conservative in their in their approach. They don't see or they didn't see modular construction as being comparable to traditional construction, where traditional construction, you know, Block and Brick assembled on site. Most of the work being done by trades people on site in all weather conditions, they obviously for a while would have had more comfort that because it's very familiar. You know it's extremely tried and tested.

The Wales Procurement Alliance and their equivalents in England and Scotland, are trying to solve another issue, so I've spoken about warranty providers being rather distrusting of factory construction up until recently and that was a bit of a barrier because our purchases on mortgages. The companies that provide mortgages for the people who buy our houses are very, very conservative in their attitudes, and they tended to prefer traditional, traditionally constructed homes. That's starting to sort of move along now, so some of the barriers as to why people weren’t using modular had to do with things like warranties and mortgage lenders being very conservative. If you want to buy a house and you are house hunting, you might find a house, it's already been built like a Victorian house, or a house built in the 30s or 50s and usually before you. Before your mortgage lenders Halifax or Santander or HSBC take your pick. They will always have a building survey done so they'll do a survey where they essentially saying, you're not going to be the owner of this house because, until you paid your mortgage, we’re the owners of this house. That is the whole idea. So, we now need to be satisfied that that House has been built properly, but it's not going to have problems. It's actually a worthy investment for the mortgage lender. 

What tended to happen on off buildings built in nonstandard approaches like modular construction most of the mortgage lenders would take a slightly different attitude too, because it's not something they understand. 

Modular construction might be a less favourable product because maybe only a handful of the more of the lenders will actually lend money to people to buy those types of houses. So, a big reason, another big reason modular homes and factory-built homes were not taking off in the way that.

As a framework, if you click on the word frameworks, they'll drop down a whole bunch of menus, and there's one called offsite construction of new homes. Now off-site isn't the same as modular, because offsite could be penalized as well as other, uh, you know, sub modular. So, then there's actually one called modular buildings so that they were the basically in these frameworks that they've got essentially.

Crisis in skilled labour which, you know the amount of people leaving the UK after Brexit, who are basically skilled brick layers and carpenters meant that there was a real crisis in the in the building industry. You know that how could we? How could we carry on building the number of houses that we want to build if we've lost all these trades people and they're not coming back? Well, factory construction is actually a really good solution to that. Uh, because essentially you don't! I went to visit a factory in Ebbw Vale, nearly all their employees lived within a 10-mile radius of the factory and none of them, none of the employees had like a qualification in building trade like carpentry or plastering or brickwork. They would all just be trained for six weeks. People could come from all manners of backgrounds so you can have young people, older people, women, men, people who have retired from their main job that want to carry on working, and able to be skilled up. So, there are lots of good things about offsite manufacturing which because of the diversity of the workforce that that it can actually attract and how, how little relatively little distance people can be living away from the factory in order to work there. So, I think that that's a really interesting one as well. So, there's a lot of very good reasons why factory modular construction should be taking should be more popular. Things like you know the diversity of population you know; you don't need highly skilled workforce. You can work three shifts; 24 you can be building houses or all day long. You know you don't have to worry about the weather.

Yeah, the quality control is much, much better, so there's something called the performance gap. This is the gap between what the architect has designed and what actually is built and what you find on. But we're all very familiar with there being a gap between what's being designed and what's being built on site because of the weather, missing screws or not. People just trying to cut corners on a, in a factory. You cannot. The quality control procedures that exist in a factory basically means that it can't move from Step 5 to step 6 without a like a big checklist. Everything being perfect so you don't have a performance gap, so that's another good reason, and another good reason is to health and safety. That's the building sites and notorious, for deaths or severe accidents and, and that's much less so in a factory because you know, a lot of those things are designed out, you know, working in a consistent lighting, there is no wind or bad weather. People basically only work on their part of the build. People are less likely to be working from height with falling objects. There are no excavations or be it large vehicles tracking through a building site, as they would in a building site, so a factory is much better from a health and safety point of view. And I suppose then you will always be able to continue your construction. You know the reasons why we should be building in factories and there's loads of very good reasons as I've listed some of them.

There’s probably a whole bunch more, but why aren't we doing it more then? 
So, there's a whole bunch of reasons why we haven’t been building factories. There's a general conservatism in and with a with a lowercase C in in. In Britain, you know we like our house is built the good old-fashioned way and unlike the Germans or Dutch or Japanese you know we just had we. We've got a bit of a mental barrier around there and that actually passes on to mortgage companies.

Come to householders that they are more suspicious or the more conservative in their choices and that's a reason, that's one of the reasons why modular construction has not really taken off in a big way.

It’s there you'll find that there are more social housing companies doing it because they're getting grants and they usually add more prepared to take to use new methods or to take a risk or to try new things because the people who were living there aren't buying the house often, they're renting, and so you'll find that you know there is more. There is less conservatism around, modular homes in the housing sociation sector. So, I work in that sector were more prepared to sort of look up modular homes, you know.


So, so the reasons behind why it hasn't taken off our to do with conservatism, to do with the attitude of mortgage lenders. The whole procurement thing you know. If you're giving a job to a contractor, but 80% of that job is actually modular manufacturing company. Then that read the balance of that project is completely changed. The typical main contractor building the building ordering the timber and the bricks and being the main recipient of the of the investment is changing and certainly changes with modular homes or 70 or 80% of the construction is all done in a factory, and that is not normally owned by the main contractor. So, there's an issue there, and that is around procurement.

Some of the reasons why people aren't going for it because they've gone bankrupt.
And so that is a vicious circle. A lot of modular companies have gone bust because they can't invest in their factory until they've got a massive order. The Housing Association or the customer isn't going to put a massive order in because they don't want all there. They actually don't want to put the massive order and then give a lot of money to a company that might go bust. Awful scenario when a company that you paid a lot of money to goes bust because you know how do you? How do you finish the project? How d’you get your money back? You know, so there's a lot of, there's a lot of reasons around it, which had to do with the chances of a company going bankrupt. Then finally, I think there's still a cost difference between cost of building modular home. That is if you want to create it in pounds per meter squared, which is the kind of most civilians or developers equate. Cost is how much pounds per meter squared is that? Does that approach cost me? And what you'll find is that there's still a bit of a difference between how much a modular home costs per meter squared to a conventionally built home. And when I say that I mean modular homes are more expensive and the only way they'll become less expensive is if they get much, much bigger volumes of orders so you know it's a bit of a chicken and egg situation. You know? How can how can I as a modular company build more homes and cut down my cost?

Building modular homes that cost £200 square meter more than a traditional approach. You know the houses by Jan Snell and Ilke cost a lot more money to build than all the other homes that surrounded them. They were £240,000 per home? Or something like that, you know, but that's because they were building him in Holland and shipping them in and then bringing that actually brought the modules back to do more work on them and then brought them back. You know that just simply doesn't make any sense, so I think the goal for us as the housebuilders is we want to invest and partner with local factories in South Wales so that the transportation costs. First the transportation costs are cut down and the carbon footprint of loads of materials being transported, is also reduced.

The local employment is something that we care about a lot as well.
You know, we really do care about local employment. We want to use the money that we get, to spend on building homes. As much of that needs to go into the local economy that's possible, even down to the fact that we could order, build homes using not just timber, which is a very good material from a carbon reduction point of view.

Using Welsh source timber. That's the real like ideal, so we pobl group are aiming to build lot more of our homes using modular. A lot more of our homes using timber and a lot more of our homes. Built in factories in South Wales using Welsh timber. So those four things, Welsh timber, locally built-in offsite homes so if we're improving the performance gap were employing locally where?

Would you send this carbon footprint of materials in terms of their Trump's transportation? And we're creating, using low, intensely low, carbon intensity materials like timber, not just for the stairs are the skirting boards or the roof joist, but for the panels you know for the walls even for the installation you can create an installation out from wood fibre and that's actually a much healthier material. Doesn't have those chemicals in it so that is where we're aiming for a lot more.

Uh about homes, offsite modular, and the Welsh Government encourages us to do so by providing an additional 10%. There's an additional 10% offered by the Welsh Government to build homes through modular.

Welsh Government MME wish to incentivize housebuilders or housing associations to build more. More with modular and it's for all the reasons that I gave you.

Buildings built a better quality built off-site, more and more using timber and the reasons are to do with decarbonization and then the whole range of other technologies. We're not using gas anymore as the primary source of heating and hot water. We need to use systems there so that slide is kind of sums up where we want to go, as of 2022.

I went to Japan four years ago and went to visit factories and offsite manufactured homes as part of a delegation to see how the Japanese are building modular homes and they're so much further ahead than we were. But when it comes to things like waste and so on there. There's obviously a significant reduction in waste in factories.

I visited a factory in in Clydach and they're basically using any waste timber, for example that was being chipped and it is used to heat the factory, or they they've got a biomass energy plant, so nothing goes to waste because if you are working. Yes, essentially the optimum idea in a factory is to design your homes based on the dimensions of the raw materials and I'll explain what I mean by that. 

So, if cross laminated timber or plywood or plasterboard is coming in and it's generally, 1.2m module, you might have 2.4m or 1.2m wide board where 2.4m high. That's the dimension that you build your homes too so that you do not waste any material. 

The dimensions of modular built homes. The first is, what is the dimension or the raw material. So, if your if your joists are coming in in multiples of 1.2, 2.4, 3.6, 4.8, then you tried to design your homes, minimizing number of cuts or the amount of waste. Secondly, the other thing that determines the size of modular homes and their dimensions is the width that you can legally transport on the British roads without a Police escort. So that generally means that modular homes will tend to be about as long as an articulated wagon would allow you to carry, and no wider than about four meters and that's the external. So that's from the outside of the outside. The internal dimension. There might be 3.6 meters, but that generally tends to be a limitation. So, if you want to build anything bigger than that, and you can build what you like, you're going to need a, you’re going to struggle to get him on site. Like my example in Newport, suddenly, you're going to need to have a police transport police escort. Oh, taken along the motorways, taking them on any conventional roads. It's going to be an issue so the dimension of raw materials, so that's the joists, boards, etc tend to come in set dimensions. I visited a sawmill in Herefordshire, which is just literally over the border from Wales. They tend to cut all their logs and they're construction Timbers tends to be to set dimensions and that's what ends up in factories. Therefore, to minimize waste, you need to design your modules so that you're taking advantage of that. You are minimizing waste, but I think that the regime that they have in factories does have a huge emphasis on minimizing waste. In fact, you know, dust is collected and because it's in a factory condition. dust is then used for making pellets and you know nothing goes to waste and there is a very small amount of waste bins.

Because all the screws that you need to do your job are brought to you, to do your bit of the job so there are no random nails going missing or screws or plastic, that's going missing, there is a huge emphasis on reducing waste in my opinion and I visited over 10 different factories and you know.

Well, once your foundations are in and you know, houses do tend to sort of pop out of the ground. But there is a lot to be said, you know, modular construction, the modules can be built whilst the foundation’s being built. You certainly can't do that in conventional construction, so that the idea being that once the foundations are ready, the modules can be transported onto site and ‘hey presto,’ you know you've nearly finished your home.

[bookmark: _Int_qbbN4SkL][bookmark: _Int_QBUjt2vL]Generally speaking, the only things to do are fixing the plumbing and electricity, and maybe putting the roof finishes on and generally speaking, most of the floor finishes are already in the homes come bubble wrapped, you know they're there. They're essentially quite pristine.
In my experience, it can take about 30 days for a house to work its way through a factory. But then once one starts started, there will be about 3, 3 houses a day coming out of the factory door. The idea is that factories work best when there are there working at that consistent rate.
What factories hate and you will hear this from a lot of people who got lot of experience. What factors hate is peaks and troughs. Too many orders or two few orders?

You really start experiencing problems if you've got two few orders, then you have to temporarily layoff people.

You know they going to sites which are between one and 50 miles away and they you know that that's the ideal.
Another question is can you disassemble a modular build and then place it somewhere else or is it permanent once it is built?

Elfed Roberts responds: 
I believe that it can be disassembled.
Cardiff City Council have built temporary flats to help homeless people. People seeking asylum and so on. So, there's 30 flats that were built, using modular construction, by BEATTIE Passive.

They've got temporary planning consent, so the homes are going to be there for six years. When that's finished Cardiff have the decision to either keep them there or disassemble them and build them elsewhere. Because at the end of the day, they have been designed to be modules and can be disassembled, so instead of having 30 flats in three story blocks, you can break it right down so it goes back onto lorries again and gets transported somewhere else and reassembled and whether they can be completely disassembled to their component joists and boards. I'm sure that they can, but what would be the merit in doing that, I think. 

In the in the traditional construction industry, you know if you're knocked down homes built from stone, then it does take a lot of effort to recycle that stone so that you can clean it. Clean. All the mortar, off it, and then that's stone. Does have resale value because other people use it. Either four houses or 4 dry stone walling and so on. So, but a lot of products you know, like plasterboard and other products, they are a waste by product.

You know, I think in modular homes the concept of disassembly is hopefully as easy as assembly. So, you could disassemble the homes as easily as that. It could be a requirement under building regs in the future. You know, because we need to, we need to be more sustainable in the way that we construct our homes. Obviously, my job title.

More and more thinking does go into, you know, the mortgage companies don't want build homes that can be disassembled. Why? why invest in homes that can be disassembled, you know. But there's whether there's so much money and investment gone into building that and getting planning permission and building it. Homeowners aren't going to do that. But interestingly, in Japan, that's what happens every 30 to 40 years. They completely take down the house and buying a brand-new modular home. And it's the culture. It's completely different. I think it's to do with things like Inheritance Tax and things like that. So, the whole the whole kind of, well you know that the whole society has a different kind of a different kind of levers. If things are pretty different, things are more important, you know, and it's better that the house performs better and it's a brand-new house, and therefore that's why these modular companies like Daiwa, Panasonic, Sekisui that the multi-billion companies that have been in existence for decades and they build ridiculous number of modular homes compared to what we do in this country.

They build it a quarter of a million modular homes a year in Japan.
As you know, using production line techniques that are very familiar to them, and you know. Therefore, it's far more sort of, if I am not normalized in Japan than it is in in the United Kingdom for various reasons. So yeah, I think reducing waste. It will become if it's not already, it's already a major consideration. I would think, and it can and has been done.



Appendix B: Interview with Rob Wheaton, Head of Residential at Stride Treglown

I have a series of questions including your personal engagement with modular construction.

Rob Wheaton responds:
With this process, it was more the client engaged with a particular modular contractor. Per you know, a specialist that they sort of liked. They visited the factory and then said right we're going to be working with these guys were going to bring them on board as part of the design team. So, you're actually working with the, UM, the manufacturer. During the design process, so it's a lot different to a normal kind of procurement rule in that sense. Uhm, uhm, what I found about the process, what's different is things like it's a lot more. I'd say it's more rigid in terms of design, so they've got their modules, you know, say they're you know 12 meters long by you know 3 1/2 meters wide or whatever they tend to be there, but they're fixed, you've got a kind of work within that. They're not going to be able to change that because at the end of the day, it needs to fit on the back of a lorry on the back of an artic lorry, so there's no real flexibility in that sense like you would have in a normal design like you could flex things and it wouldn't matter so much with this as to be bang on and every single module has to be identical as soon as you start introducing variations. That's when the cost start going up quite rapidly.

So maybe locating communal spaces on the corner and just sort of and trying to keep those modules repeating and the same. So, it added a lot of constraints in terms of the design process. Uh, so it was so they took as they showed a, you know they basically got gangs of people doing, you know, different bits. Like kitchens, bathrooms you got like superstructure, substructure then it just kind of moves. That is literally like building a car. It moves down the factory line. 

You know, dry environment, so theoretically the quality should be better because there there's more quality control in a factory scenario you can hear, and you sign things off that they are done properly. So, if less there's less kind of room for error in that sense and likely your people are not working in the elements either, so it is you know they're not working outside in weather it's all in factory conditions. And then they're basically just wrapped up.
[bookmark: _Int_8wbGsapL]Uh, maybe there's like a sacrificial, or sometimes there's like a sacrificial board which they sort of put on, and then they sort of like deliver them to site, and essentially, they're put together.

[bookmark: _Int_SjwJ7n8Y]What I found was the process on site was like absolutely it was quicker. It's hard to say how much quicker it is because I think it's sort of does very site to site because sometimes you have got different constraints to work with and site conditions might be different, but in, in general, it is definitely quicker. 

There's usually a lot of kind of restrictions in terms of goods access and delivery of materials and things, and whilst you know you are transporting larger units, you're not transporting as much in total because you're not bringing sheets of plasterboard in that's already in the unit, you're not bringing in kitchen, so over in overall terms, kind of the traffic go into the site, and obviously then impact in the surroundings.

You know, if you got bad weather it's going to delay the internal finish end because that's already been done. So, you have got all those sorts of those benefits then.

Client was happy with the quality of them as well and might things like the quality is signed off beforehand, so the manufacturer will usually build like a sample.

It brings a lot of certainty for the client in terms of the sort of quality of finish and things like that. You know, the kind of, we have seen what they are getting. So, they know what they're going to get. There’s kind of less unknowns.

Coordination of other things like structural elements tends to be a lot easier as well, because these modules are there essentially self-supporting structures, so that they are designed to basically stack on top of each other like Lego. It's less prone to kind of things going wrong.

[bookmark: _Int_sR1EJ41a]They were so sold by it, and it did cost it, so it was not cheaper, it was. It did actually cost more. There was premium, but they were willing to take the premium for the reduced risk of going over a program. So, there is a vastly reduced risk of running over, and they're willing to pay extra.

I thought that I'd they were cheaper, but the difficulty was you couldn't visit the factory, well, we could, all done by kind of online video call and stuff like that. That was the disadvantage really is because they were made in another country. The client could not directly really inspect them, although they did once one was finished, they did ship over for an inspection.

But it was kind of at the point where there wasn't much wiggle room to change stuff at that point. If there was something wrong because they'd already started the manufacturing process.

So, it's a little bit more of a tense experience, whereas you know in the other example, you could go and visit the factory in the UK.

You know, we can't be transporting big empty volumes like this across the across the world. This is not a sustainable way of doing things. Because I do think sometimes with volume metric, you know, modular construction, you are effectively transporting a lot of air space that you would not otherwise be transporting. If you think of like IKEA[footnoteRef:46], for example, has kind of made its name on kind of like the flatpack idea that everything is flat packed up so it's nice and compact and it's transported efficiently. Whereas if you're transporting big empty spaces, you're transporting a lot of air, so therefore you're going to be moving more. You know especially if you do it over a long distance. Obviously, these are all shipped. [46:  Building, (2005)] 


We've been starting to look at trying to do things like houses and stuff because there's a big push in Welsh Government to adopt modular forms of construction.

[bookmark: _Int_Sm3UBQAe]So, I do not know if you're aware of something called the WDQR, which is essentially the. It's the quality standards for any things like social rented accommodation or you know not so private market but anything that's got government funding support, has to comply with these standards and in it states a preference to kind of use modular forms of construction.
[bookmark: _Int_0qugIHRp][bookmark: _Int_AEzOiZIN]For a long time, the government had been pushing. This idea is of this idea of moving into modular construction and it got to the point where what? What is modular, what, you know? What is the? How would you define it? Is it you know, is offsite construction or design for manufacture or whatever you want to call it? Is it actually volumetric or is it panelised or what is it? Is it just prefabricated components and the government now have actually defined it into different categories, so there's like a. For example, there's a category one is like if you can think of it as sort of like a league of kind of modular forms of construction. 

You know a 3D volumetric prefabricated module that's got pre finishing finished. Windows, doors, everything in it. A category two is still classed as something modular, but it's instead of its not a volumetric thing, it's a panel thing, so you know it might be big wall sections of like whether they're timber frame concrete, wherever they are, whatever it's made of, but they're big premade sections. They might have kind of pre-installed windows and doors, but they're built to site and panels and then they put together like flat pack and that's kind of category two and then you've got lesser categories then where you might have premade components like maybe things like.

Balconies which are premade in the factory and sort of brought and bolted on or kind of precast panels or something like that.

[bookmark: _Int_NmPsBU0k]Welsh Government had been pushing for higher levels of modular constructions and moving towards the category two. Definitely sort of the penalized and then volumetric as well, and the difficulty in Wales is that the fact that there's really no modular volumetric category one modular factories around. As there's maybe some that will look to exploring it, there's a few timber frame companies like SO Modular for example, looking to explore freely modular. There was a company in North Wales which sort of went bust, so there's like it. Depends on where you are in the country, whether it's taken up on that. So, in Wales it's like there's not a market for the 3D stuff. But then the penalized stuff. There's a lot of companies doing that in London because of the nature of the accommodation, for example, and you've got like a lot of high rises, stackable things. It's kind of, there are more companies and more manufacturers there are doing that sort of thing.

[bookmark: _Int_jpPUVdVu][bookmark: _Int_604z3lsW]So, it's quite hard in Wales, at the moment if a client wanted to go for 3D modular, for example, it's actually quite difficult to do it because there's a premium, because the factories aren't local, they tend to be London, for example. Or if you think then you're competing with a project in London which has higher values, so it's more difficult to secure a factory to sort of book you in a slot, you know, I don't know. Because we did explore a project that was apartments and obviously you must get around the fact that within apartment it's bigger. So, an apartment would be essentially two modules together, bolted together so you would bring one to the site and would have like, a sacrificial wall which you take out and then the other module comes together to form one, one bedroom apartment. Then if you wanted to two-bedroom apartment, it's three modules that come together to do that. You've still got to work in the repeat in sizes all the same stuff applies to this student accommodation thing. But it's just you've got to sort of work within those and then they kind of basically take down the sacrificial wall, and then it kind of comes together then.

[bookmark: _Int_MgagbFgO]There're more questions about kind of things like fire performance. Construction warranties. Uhm, there's more kind of, it's more difficult at the moment, and it's getting better, but basically for a property it's slightly different. If you've got, for example, if you got a student accommodation building, the client is normally going to be owning the building itself. You know they're not going to be selling it on to a third party. They are not leasing things out, so things like mortgages don't come into question. You know it's not part of it, whereas if in residential you’ll be at leasing apartments, or if it's how she might be mortgaging a house and then the mortgage companies will have their own criteria. Whether they can lend, based on you know, is this is this type of building. Fit for purpose? Is it going to last? Is it a good investment type? You know that those sorts of questions. So, it's kind of a different ball game in terms of the approval process. It's harder with traditional residential, uhm, which is why I think that it's more favoured. Types, you know things like student accommodation hotels.

And it's all about trying at this repetition, kind of drives costs down. You still got the quality, but because we're not varying, we’re not bespoke in every single time we do a project, we get more certainty on costs and things like that.


[bookmark: _Int_jejCfZLY][bookmark: _Int_bPZAPSrv][bookmark: _Int_3bamZafW]So, where we as at the moment in Wales, there's a push for these higher levels of offsite, but it's not there at the moment, but it's kind of being held back by the market, and that there's a supplier or not really available or mature enough at the moment to cater for it. And there's still kind of problems in terms of securing mortgages and getting the relevant, you know, approvals. There is this company that's been set up called BOPAS. They are sort of almost like a, uh, a quality assurance scheme for all things modular construction.

[bookmark: _Int_DSjSBm0m]You've got this product like this modular product. You can go to them to get kind of like third party kind of insurances and then things like the mortgage lenders will be like they are they ask. Well have you got BOPAS kind of thing? I think in terms of architecture, it does it generate better quality buildings and that's a big question mark.

I’m more, there's a big push for sort of modular. To just replace the way, we build.

What I would say is some modular factories are a kind of driven by reducing costs, and I think that's where you have a problem where the quality suffers and it's not. It's not that, uh, modular factory can't produce a good quality product. In fact, sometimes it's a lot better than someone like in situ stuff, but I think you know it. It does fall victim of this.

Drive in to reduce costs issue and then you get this kind of. You know like I think like anything, there's a market there's ones that are good ones that are middle ground. And there's ones that are cheap and you try to avoid them.

[bookmark: _Int_qDaWPyXz][bookmark: _Int_Ci7zVlI2]I don't know, I, I think some of the buildings you know we've produced, for example, the Hilton Hotel that we did actually quite a handsome looking building. It had like really nice brick detailing. It was nicely proportioned. It was modern. It was kind of you know. Yes, it was a repeating kind of module and a pattern, but I kind of think to things like terrace houses and Georgian Terrace houses. 

So, you know if you compare, say, future building our traditional masonry or concrete frame versus this kind of, sometimes they're light gauge, steel frame or sort of hot rolled steel frame bolted together.
[bookmark: _Int_r3B65usp]And I think there's still a big question mark. You know 30 years, 20-30 years down the line. Are these structures still gonna be ok?

Like they're untested in that sense, but they're just. I mean, the module company saying we have been doing this since, you know, since forever, but there's more certainty in terms of longevity over traditionally built building, and I think it does kind of come to that some of its perception that modular is just cheap, and it's not as good, and that's not always the case.

But some of it, I think they can't get over the fact that there hasn't been the sort of legacy of modular construction in the same way there has been with traditional building. So, until we're kind of, you know, 20-30 years down the line, we're not really gonna know. You know, you know, it was lots of experience and experiments in the 60s with things like. Uhm, concrete prefabricated wall panels, you know which, ultimately, failed, and you know there were big problems with those.

[bookmark: _Int_TtrfpE6b]That's what I do find with the modular construction there's there are companies that are being set up in China to do this sort of thing. So, then you've got all the sort of transportation. Emissions associated and in addition, they usually these. Because of the strength that's needed in the form of the construction. But to be transported, you've got transport and lift these things around, you know. So there needs to be a certain strength in the structure itself, and that tends to be steel frame because it's light and strong. So, it lends itself to being transported, lifted, and moved around. Steel frame is not great, when you look at the embodied carbon of that, you know that's not great compared to, say, building something out of timber frame, flat pack. You know, I would favour the former construction. That's not to say that those sort of, that it might develop into a volumetric thing in future. It might well do, it's just that it's not so, I questioned the credentials on our sustainability front, and certainly there's better quality of finish. So, you could argue it may be easier to achieve things like good quality airtightness, so you're building is not leaky. You know that could be an argument, but then I've done traditional buildings in timber frame, stick timber frame so like not even panel, just stick frame. They’ve achieved. You know, really good levels of airtightness that have surpassed some of the modular stuff. Like I said before, it's just down to kind of the quality of the team that's working on it. 
Volumetric modular building has got a better kind of environmental performance, either on a kind of say, airtightness energy use basis or an embodied carbon basis. So, I don't think there's a real argument for modular in terms of sustainability.

One of the reasons to select modular is it’s more sustainable, and that's usually done on the basis that it reduces waste. Then you're like, OK, that might well be the case, if you are in a factory environment you can plan your material usage better. More stuff can be recycled. It's easier to do all that kind of stuff you know that's that is probably true. 

How much more time I've tried to find data on it, I can't really. When you think about it, it's hard to prove because, on site you've got a frame, you’re cutting plasterboard and stuff to a certain size frame, you’re chucking bits away or recycling bits.

And in a in a factory, you're doing exactly the same thing. You know you're cutting plasterboard to fit to frame. The frame is defined by what fits on a lorry, not actually a plasterboard, so you're going to have wastage. It's just maybe that waste is better controlled in a factory as opposed to being on site maybe, so yeah.

So yeah, so I think like in summary, for me, like modular is a good option to have and it's like part of the range of construction methodologies you could pick for a project. 

There're some schemes in Manchester by Urban Splash, with modular houses, which let residents' pick their own layouts, so you might say, I want open plan kitchen dining, or I want whatever or separate room, and they've got layout options, if you're at home and go on Internet, you write, I want that ground floor on that middle floor and that top floor put those together. That's what I want my house to be. So, you've got options you can customize it. Then they made it in a factory, then brought to the site and you know they're there. You can see it, they're finished. It's done originally as an experiment, but then there's more sites that are doing them. They’ve even got the external finishes of the build in which is like uhm, how do I describe it. It's almost like a fibre cement type slate cladding like a grey profile cladding. That's prefinished onto the modules so it comes delivered with Windows, doors and facade already on, even the roof, everything is finished. As soon as it starts to become cheaper than more traditional forms that construction, that’s it, game over, everyone will be going modular construction, because cost is such a massive driver in terms of developing houses, etc. 

So, if modular construction eventually becomes more cost effective in terms of building than traditional forms of construction. that's the way the market will go. It will be, build a big house, very few of the big house builders are experimenting in modular construction. The primary reason for that is cost. But as soon as that changes and it might do, then you can bet that sort of the industry will move over to it, because that will be, I mean, it's like what I worry about. Is the way those costs might be brought down is things are not made in the UK. I don't think it’s a good industry to buy overseas. 

When you say well just because I can't get it made for cheap in Indonesia or China or wherever they should, or should we set up UK factories and would that be better in terms of society, and just get stuff made out and shipped over. Which I think would be the way forward is to kind of set up kind of UK based factories.

Have you noticed a difference over the last 13 years for the design of modular structures? 

Rob Wheaton responds:
Yes, I’ve definitely noticed a difference in terms of the need for it, so I, well I would say now when we first started very few uhm hotels or student accommodation providers were going down and modular route. Now it's pretty much standard.

More student accommodation providers and hotel providers are selecting modular as the option. So that's definitely changed, I think there's growing demand for what's called category Two types of modular, which is the more flatpack wall panels in the housing market. Specifically in Wales, that's just how used to be like if you sort of wound back. It used to be what we call. You know it’ll be stick timber frame so you could turn up with a load of sticks and build timber frame. Then it moved to what were called, open panel cassettes so it was, basically they made a big frame up. You know something that was like, you know 2m – 4m long like 2 isn’t, you know the height of a wall. They were insulated though they had like sheathing board one side and a vapo layer, then you brought them to site put them on a soleplate, fitted your insulation and finished. Then move into closed panel timber frame where the panels are formed in a factory. The insulation is put in in a factory environment and finished and then brought to site as a panel.

And then you've got, sort of what we call more advanced open panel, where windows and doors are pre-fitted, and that's becoming more common now. Or, I'd say the closed panel is becoming more common. But windows and doors, some are doing it not all, there's a gradual shift to it, it might not be the volumetric, it might not be fully volumetric stuff, but there's a definite shift from traditional forms or more labour-intensive forms on site, doing more stuff in a factory environment. That's absolutely true on what it's saying, so like in terms of a residential, its dominated by kind of the national house builders. They build the vast majority of homes; you can look at how the homes built in the UK and those built by the top five housebuilders far outstrip anything that's built by housing associations or anyone else. You know what I mean, there's probably five big companies that are doing the vast majority of new homes they are pretty much all still building traditionally I.e., brick block masonry for the most part and some brick timber frame, which tends to be the open panel type. But not yet a major push in modular. Not that I'm seeing, it tends to be at the middle. We do a lot of work for some of the national house builders, I'd say about 80% of the sites are masonry construction. Bearing in mind they’re dominating most of the residential market, you could say that what you could drop, you know, derive from that is, modular construction is not really penetrating the residential market because it's dominated by these.

Do you think that modular construction is the way forward in the future?

Rob Wheaton responds:
Yeah, like I said, I think at the moment it's just going to come down to that cost thing whether it is or not. I think at the moment it's just like it’s an option. It's like it's one of the tools in the toolbox of different construction types you could pick. You know, let’s say if you had a really sloping site, you probably wouldn’t pick here, it would be a nightmare. But if you've got like a tight flat site in city centre where there's limited access could work quite well there because it’ll be, you’ll be quicker on site and less disturbance. So, it's kind of, I see it as kind of, part of a kit of tools that we can use rather than something which is going to take over. I think whether it does take over or not, it will come down to financial.
[bookmark: _Int_BSen7YZG]At the moment in Wales, it makes zero financial sense to go volumetric modular construction. So, I know the government, the Welsh Government have been pushing that form and, there is extra money available from Welsh Government. They are actually, they will put like an uplift on it for social rented houses, in where. they’re getting some funding from government to deliver. There's sort of like an extra uplift, which would be paid and more modular. They're sort of projectors. There’s a definite push, so government thinks that's where we need to be. That's because central government also thinks that.

But I think yeah, I would take that financial flip and then yeah, I'm sure if that happens. Yeah. most homes will be modular, if it makes sense financially, that’ll be the kick at the moment. It just doesn't, I can't really see it anytime soon, unless they start getting stuff made overseas to be honest, which is a shame though, I don't really want that to happen.

[bookmark: _Int_ABFtAzkG]So if you just Google the Mark Farmer report, it’ll come up with the farmer review of UK construction labour model and it’s basically the case for what he describes it, modernize, or die.

[bookmark: _Int_aOBKasQ9]There's a lot of waste in the industry. You know we're not delivering the housing that we need. You know, we're not delivering the amount of homes we need every year. This all needs to be sorted out. And this is the silver bullet to do it. This modular construction, yeah, I don't agree, that it is a silver bullet. But that's been taken on board. That's now being pushed as a solution to stop, you know, save all- all our industries woe’s. You know, why we're not making as much profit as other industries or whatever, we're not delivering, low productivity and all this sort of thing. That's kind of why.

So, I would research that because you can reference that in your dissertation, and you know because it gives you it, what it does in that report.

It's like everyone's in the industry talking about it. Where is it gonna go? What's going to happen next in it? So, it's like quite an interesting thing, and it asks a lot of questions about it. You know, does it result in ugly building, and do we really want to go down this route or you know, do we really want to build in a modular construction form of construction? What's the impact, you know, does it make for better towns and cities? You know, and it's like me. If every building were built out of it, would it be horrendous?
But like maybe some, it's OK, but it's like moving everything to modular. I don't see that ever happening to be honest with you.


Appendix C: Interview with Mark Giles, Design Manager, Daiwa House
[bookmark: _Int_9pNPaZcJ]I have a series of questions: what you think about modular construction? How do you think it differs from traditional and what do you prefer if you've worked with both, or have you only worked with modular?

Mark Giles responds:
Modular is brilliant cause I work for a company making modular buildings. But we need to talk about the advantages and disadvantages of procuring buildings as modules. You can have individual pods, like bathroom pods to be installed into otherwise traditional buildings and you be in the class that attracts the most interest is what we call volumetric modules. 

Timber frame has been around for a long time, but that's often done as a panelised system and people deliver stub walls, which are just frames. They deliver sections of external wall; these then must be nailed together on site. Then you put the roof on, then all the plaster boarding, floorboards and everything else that’s needed, after the frame has been assembled, that is very a panelised system. 

A company that's no longer trading unfortunately, that I used to work for in mid rails called F1, used to manufacture both, steel framed volumetric modules and timber volumetric modules. So, you're looking at a building, where each floor, of a two-story house is small enough to be manufactured as a single box. This is exactly what was done by, F1 when it was trading and is what is done by a Daiwa House as well.

Volumetric is, if you're doing a house and the size of the house is small enough for you to be able to build the whole of one floor as one box, you can build the box and you can put all of the internal walls in, you can put all the floor finishes in, you can install the kitchen, you can install the bathroom, you can paint the walls, you can put the light fittings on, you can do all of these things inside the box, in the factory. Then you obviously wrap it in something waterproof, so breather paper or something better, it's then craned into position at the site. Then you bring along the first floor and that's dropped onto the top, you can then construct the roof over the top of it. Now the roof might come on the lorry as well, already constructed, or it can just be done in cross rafters, like a traditional roof. But that, that is really the, uh, uh, essence.

Daiwa House is a volumetric, so modular manufacturer. When you're connecting it together, the modules either side can be completely finished and completely decorated, and you don't have a lot of work to do to join them together when they get on site.

Now the advantage of MMC, in terms of any building project, is that, uh, it, in at least in theory, you should spend less time on site. All the prelim costs, which are normally attached to site activities, they can be extremely expensive and really add up. Of course, the longer the project takes, the more prelims costs there are. Cause, if you're hiring security, you are hiring CCTV for security purposes on the site. It might be that you've got a mile or so of fencing, which is required to keep a site secure, all of these costs, which are charged every week, simply for being on the site. They add up. If you can design your building in such a way that you are on site for six months instead of nine months, or perhaps even longer then, that's money, you don't have to spend. And that is an advantage of having significant parts of the building manufactured offsite, and then, and then delivered. So, you know, that’s one I'm sure has already been explained to you.

How long would it take for you to build like one dwelling, say offsite, for the entire process?

Mark Giles responds:
This may come under the title of a disadvantage. So, this is where you're trying to build whole house floors or, you know, very significant types of building, parts of buildings and you're finishing them all internally. let me think the, again, just to give you a flavour, from the components coming into the factory, through a door the one end, and we're talking here about all the steel joists and the steel corner posts and, and the components like that from that one coming into, uh, the top end of the factory to a completed building, popping out of the door at the other end of the factory typically took 15 working days.
So that's to build a whole floor of a house say now, so, you know, you put together the frame, then it moves down and then you put some insulation in, and then you put some, some of the first fix coming, goes in, moves down a bit further. Then you board one side of the wall, then you do you complete your electrical first fix. The activities which are carried out in the factory are similar to the, the activities that would be carried out on site, except you're doing it in a factory building where you're protected from the weather instead of having to do it onsite. But yes, if you go on the ground floor of the house, that's what you are putting together to, you start to build it 15 days later, you've got a finished box decorated with all the kitchen and everything all installed popping out of the other end of the factory. And then once you've got to that point, you get another box virtually every day. 

Okay, when we touched on the advantages of being in the factory, because it’s done under factory conditions, you might have a wood workshop there, and you can remanufacture the timber stud work to go into walls. You've got computer-controlled machinery to do all of the cutting. When the volumetric module is put together, it's put together to, very tight tolerances. So, you can manufacture things to, within a millimetre. Consequently, your building should perform really well infiltration. Infiltration is when the building's a bit leaky and air can get in and out of the building, uh, quite easily. Now there's, um, uh, the measure for this is, cubic meters of air per square meter of wall area per hour.

A prefabricated volumetric factory manufactured building should be really, airtight and, hardly leak at all. That is why, people in the industry we'll claim that, uh, volumetric prefabricated buildings, uh, are, should be cheaper to run and cheaper to heat because they don't leak air. Volumetric buildings, which are manufactured in the factory do perform better than traditional built, traditionally built, buildings.

It is really significant where the volumetric buildings are supposed to really score highly, right back to side activities. I said, in theory, a volumetric, sort of building project should be completed more quickly on site because, whole buildings or whole floors buildings have been delivered and disassembled, using a crane. And that should, should be much quicker than the, than building them traditionally.

Now it doesn't necessarily mean that the project is quicker. It just means there's less time on site, because even though you can manufacture these modules quite quickly in a factory, if you've got a housing estate, you're building a housing development, and there may be 200 houses on it said, you may, you may reduce the time spent on site, but time to build the mould the factory also has to be considered.

[bookmark: _Int_f1E8d1QR]So, if you have 2 lines in your factory and you go flat out, each line is producing one building a day, after the first 2 weeks, then that's only 10 a week. And so, if you're going to manufacture you need two of those boxes for every house, you've got 400 boxes to make up to 20 a week. Look, you have to do the sums for me is that 20 weeks, 20 times 20 is 400, isn't it? Yeah, so it's 20 weeks, nearly six months of factory work to produce all of those boxes. So the overall length on the project might not be much shorter, but the time spent on site is shorter.

Okay. That's very different to other people have said, they've all said it's like overall much quicker, but. I know. So that, that depends on the capacity of the factory. Also, there's the factor of, once you've manufactured all of these boxes, you've got to keep them somewhere before they're ready to go to site. You also have to factor in how quickly you can crane the boxes off a lorry and land them and assemble them on the site. That depends very much on how good your site installation team is. So, there are factors in there that can affect how quickly it's done and how effectively it's done. 

[bookmark: _Int_DNR32zMi]This brings us on to one of the disadvantages of volumetric manufacturing. If you use that example, you're building 200 houses, each house is 2 big boxes, you've got to manufacture 400, 400 boxes to make those buildings when, after you've made them. Usually, the client's agent will inspect the buildings whilst they're still in the factory to make sure that, the finishes are good enough and to do the snagging and quality control and everything else. After they've been signed off and the client says, yes, I like this, the paintings top notch and kitchens been professionally installed. It then goes to be stored outdoors and of course, it doesn't have the benefit of having its external finishes on and it, doesn't have a roof on it. So there's a lot riding how well you wrap them up when they're in storage. And I know from personal experience that a number of volumetric builders have problems in keeping their completed modules in good condition whilst they're in storage, waiting for the site to start.
The first module manufacture might be outside for three or four months before you have a chance to deliver it to the site, because you can install the boxes much more quickly than you can make them. A single gang might install five modules a day, but you only manufacturing them at one or two modules a day.

[bookmark: _Int_yR9fsOeC]So you have to start manufacturing them quite early and build up a supply stock in your yard before you deliver them to the, uh, to the site. And they can spoil, if they're kept in those conditions, they're outdoors, they're not heated, you can get condensation. I've seen quite a lot of remedial work have to be done to the inside of the volumetric module once it's been delivered to site. 

[bookmark: _Int_Va1cvHmN][bookmark: _Int_0yqGuGqH][bookmark: _Int_KqSLjyno]The other disadvantage of volumetric modular is that, when you wrap them up as tightly as you can to make them waterproof, so they can store outdoors, when you deliver them to site, you inevitably have to disturb the mapping that's been put around them. If you've got a waterproof layer on the top, the ceiling of a box if you like. When you've craned it into position, you have to make sure that you very carefully, lap all of the boxes together. So, say you've gone really fast, you've done your building, a semi-detached, a pair of semi-detached houses. So you're gonna land two ground floor boxes and two first floor boxes. If it rains overnight, the rain will work its way down between the two houses. There is then a risk that it can get into the buildings and start to spoil them. So after you've put the crane and the boxes into position, you need to zip it up. You need to lap all the waterproof layers together, so that it makes one single waterproof box, then you put the roof on it. This is a major weakness in modular construction because in fact waterproofing isn't done well and if it rains heavily, it can completely ruin the inside of volumetric modules.

I've seen a number of examples of where this happened. In the worst case having to strip the inside of the module back to its bare steel frame and completely rebuild it internally, once it's on site. That course completely blows it out the water and the advantage of having built it once already in the factory.

Another factor which this might be a disadvantage, not necessarily disadvantage, but might be, is that it changes the pace in which the client has to decide on things. Typically, when you are working with traditional construction, the architects meet with the clients, they design the building, then goes a planning. Then you get planning permission. By then you may already have done all of the drawings necessary to build it, all the tender drawings. You can then get started on site, boarding goes up and you start a level for the roads. You put in, dig holes, put concrete in for foundations and so on. At the same time, the architect is having a meeting with the client, asking them to decide what kind of kitchen they want installed. A little later, they will ask them where they want all the electrical sockets to be put. Then later again, what colour they want the walls painted. The client can make all those decisions whilst the building is actually being built. You may not decide where you want all your electrical sockets in a house or building until the walls are up. But before it's plastered, when the putting the wiring in, for fixed electrical, then you have to decide. If you're a client who is used to doing it that way, it can come as a surprise that the architects working on a modular scheme will ask you to make all of those decisions before the contractor's got anywhere near site.

[bookmark: _Int_jxuIx0Bm]The reason you have to decide much earlier than you think is because some of those buildings may already be being manufactured in a factory somewhere. So it puts pressure on a client to make lots of decisions about how they want the building to be finished at a much earlier stage than they would have to, with a traditional building.

Just return to rainwater. It's my view not necessarily shared, that volumetric buildings I think, are more susceptible and more vulnerable to water damage. If you have a leak, example, shower tray leaks into the construction of a traditional building, its less susceptible to damage, you may just need to re-plaster a wall and so forth. But in a volumetric building, water can spoil finishes over a much wider area, just because of the way the modules are made. Volumetric building is, is more vulnerable, I think, than the traditionally built building to water damage from leaks in their bathrooms and kitchens.

[bookmark: _Int_VG0ASEVS]So if something like that did occur, would you have to replace the whole box of a volumetric build, or would you only have to replace part of the box?

Mark Giles responds:
I mean, if it were catastrophic, you would keep all the frame, but you might have to strip all of the plaster board off, in the affected room, in any rooms underneath it. You may be able to keep the electrical wiring if that dries out properly, but, the wall boards and the stud partitions, suffer quite badly and it works its way down through the floor construction as well. The block work itself is less vulnerable.

When people's homes are flooded, it completely ruins all the furniture, carpets, and everything, it all gets stripped out. You can hack off the plaster up to where the water got to, then we re-plaster. It's more involved with the volumetric building, the water does get into everything.

Can you discuss waste, such as that from a modular construction in comparison to traditional levels of waste from onsite and offsite builds?

Mark Giles responds:
[bookmark: _Int_D4ihc5kE]Yes, waste management. It is a claim by volumetric manufacturers that there is less waste, when working in the factory. I think that’s legitimate if you are manufacturing a building, a ground floor house in a factory, say, if you're doing it inside and it's dry. So if you've got half sheets of plaster board left over, they don't get ruined by rain. 

If it’s managed properly, they can be put to one side and then a half sheet can then be used in the next building in order, to, just fill in the half sheets needed. There are improved opportunities for leftover and off cut materials to be used in the next module that's coming down the line. Also, leftovers on the end of wheels of electrical cable, they're easy to store and, you know, they can be kept alongside the production line, so they can go into the, uh, the next module where it's appropriate. It seems like little things, but overall, across the manufacturing of 200 houses, you may save a hundred or 150 sheets of plaster board, or, 15 reels of electrical cable, those sorts of things.

[bookmark: _Int_qfLfVc2z]So you would expect there to be less waste from manufacturing in the factory than, from building on site?

Mark Giles responds:
[bookmark: _Int_iHux0MX2]The, the opportunity is there. If you only build, one house, which is two boxes and they use a special plastic board for that, you can't use the leftovers on the next one coming down the line, so it's not going to be much of a saving. If you're manufacturing 200 houses, which are all the same, then you’d expect to be able to reuse a lot. You just get into practice of doing it as well. So then the savings will be significant. You also get to prefabricate components as well. The timber workshop, making all the stud framing for internal walls, if they know they've got, 800 different walls to make, you can just plan your cutting list and order material. It might be that they decide to order in 3m, long pieces of wood, because you got less waste with a 3.6m, than if you order a 4m. It's easier to control managing the waste and ordering materials to minimize your amount of waste, if it's being done in the factory conditions where there's a lot of repetition.



Appendix D: Questionnaire distributed to key contacts 

The following questionnaire was sent, by email, to a targeted list of key contacts, as listed in Methodology/ Interviews.

The questionnaire was created in Google Forms. The questions were devised by the author of this dissertation.

How do you deliver modular construction/ prefabrication designs?
Do you think that there is a noticeable difference in design between traditional and modular housing?
1. If answered YES; How do you think traditional construction compares to modular construction?
2. Would you argue that other forms of construction can be considered modular, and why? i.e., buildings with the use of bricks, as they are constructed off site.
3. Do you think modular builds are as durable as traditional builds and why?
4. In your opinion what are the advantages of using a modular construction method?
5. From your experience, what is the difference in life expectancy between a modular and traditional build?
6. Do you feel the same level of quality is achieved with a modular build in comparison to other methods of building?
7. Do you think that modular construction is more time efficient in comparison to other methods of construction?
8. Do you think there is less waste created during the process of modular construction in comparison to an on-site construction?
9. Do you think modular construction is a more cost-effective way to design and construct?
10. Does a completed modular build require more maintenance and aftercare in comparison to a traditional build?
11. Can modular builds be dismantled and repurposed for another project?
12. Do you think modular construction is a new way of constructing?
13. How long have you personally experienced/ used modular construction in a project?
14. Do you as an experienced professional think that modular construction is the way forward when considering construction in the future, and why?

Responses were received via Google Forms and analysed as part of the dissertation.


Do you feel the same quality is achieved with a modular build in comparison to other methods of building?

Do you feel the same quality is ahieved with a modualr build in comparison to other methods of building	
Yes	No	0.75	0.25	
Does a completed modular build require more maintenance and aftercare in comparison to a tradtitonal build?

Does a comptleted modualr build require more maintenance and aftercare in comparison to a tradtitonal build?	
Yes	No	0.25	0.75	
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