Literature review

Introduction

Modular construction involves prefabricated components produced in an off-site facility and assembled on-site with little effort (Mohsen et al., 2008, Lee, CJ, Lim, SH, 2015, Nam et al., 2020; Agha et al., 2021). This type of construction can be used widely for building fast-food restaurants, student and medical accommodations and retail. However, I want to specifically look at modular construction in housing developments due to the major market. Modular construction involves a quick process with minimal disruption and as a result saves almost 40% of building time in contrast to traditional construction (Mah, D, E, 2011, Lawson, R, M, Odgen, R, G, 2010, Smith, R, E, 2011, MBI, 2012). This may be due to the process of prefabrication and the removal of numerous onsite elements that traditional §construction procedures use (Agha et al., 2021). Furthermore, when the prefabricated unit is transported to the site and assembled it will need various amounts of additional works both internal and external finishes to complete the unit. The upper hand in assembling houses off-site allows for hardly any mistakes due to a thought-out and in-depth design process using controlled manufacturing facilities. Thus, reducing the number of waste materials significantly contributes to the cost-effective process.  Moreover, modular houses are likely to be exceedingly sustainable through reusing and recycling construction waste material (Agha et al., 2021). This type of construction is also considered long-lasting due to routine procedures and operations resulting in a superior level of product quality (Haas, C, T, O’Connor, J, T, Tucker, R, L, 2000, Cartz, J, P, Crosby, M, Symonds, D, C, 2007, Rogan, A, L, Lawson, R, M, 2000, Ambler, S, 2013). In fact, according to Typical Life Expectancy of Building Components eTool, Global (2015) suggests that modular houses built with steel frames are presumed to last 83 years, whereas modular houses with laminated timber frame structures will last at least 65 years. 

Sustainability 

Modular construction has many sustainability benefits in the construction industry as building modularly reduces construction waste by reason of suitable recycling and accurate purchases (Na, L, 2007, Cameron, P, J, Di Carlo, N, G, 2007, Lawson, R, M, Odgen, R, G, Bergin, R, 2012, Chiu, S, T, L, 2012, MBI, 2012, Lu, N, 2009).  Having said that, from the use of Mark Lawson, Ray Odgen and Chris Goodier’s “Design in Modular Construction” book (2014), they have inferred significant advantages of fabrication off-site. They also imply that there is less waste content due to more recycling opportunities. Building off-site also allows a faster manufacturing process with less damage or defects and as a result, enables modular houses to be mass-produced in contrast to traditional construction. Additionally, the use of modular construction compared to traditional is more efficacious within sustainability due to onsite construction producing additional waste because of materials arriving damaged or broken, and over purchasing due to human error. In fact, studies suggest that onsite construction on average wastes 10% of all materials used, this is huge compared to modular construction where waste is significantly less, and all offcuts are fully recycled (Lawson, M, Odgen, R, Goodier, C, 2014).
   Moreover, research from a study conducted by “Integrated Management and Realty Ltd” indicates that modular building was efficient in minimal disturbances by saving time by 55%, while traditional construction interrupts the site's processes and procedures due to on-site time, obstructions, and waste (Kamali, M, Hewage, K, 2016). From the use of the same study, decreasing Carbon Dioxide (CO2) discharge by 43% is another gain of modular procedures. Additional benefits also involve a reduction in greenhouse gas (GHC) and energy consumption due to the content being delivered in greater quantity to the off-site facilities (Cameron, P, J, Di Carlo, N, G, 2007). 

Transport

Proceeding, modular construction can be transported from the factory to the site by means of lorries, trains, and helicopters.  Studies have found that shipping modular houses have a maximum restriction of distance for shipping (Cameron, P, J, Di Carlo, N, G, 2007). Completed houses transported by lorry over 300km increase the expense and undermine whether modular construction is ultimately cost-effective (Smith, R, E, 2011). Also, transportation of these houses to long-distance areas needs complicated planning (Lu, N 2009, Boyd, N, Khalfan, M, M, Maqsood, T, 2013, Martinez, S, Jardon, A, Velamati, S, 2012, Naqvi et al., 2014) thus, limiting modular housing developments in distant locations from off-site facilities.  
   
Cost 

Modular construction is considered cost-effective due to a decrease in on-site labours, thus reducing wages by up to 25% (Na, L, 2007, Haas, C, T, Fagerlund, W, R, 2002). Following, this will also reduce crowding and increase work stability. Another way cost can be saved is by continuing to manufacture modular houses in wet weather conditions, therefore avoiding delays, which can be a significant factor in traditional construction. Furthermore, the costs can be saved by the reduced construction time, which can be up to 50% faster. The saving of time can be set back by the cost of transport due to the possibility of having to transport the houses over a long distance (Schoenborn, J, M, 2012). In addition, modular construction costs can be saved by purchasing in bulk, occasionally leading to a discount and a decrease in labour and machinery transportation (Quale et al., 2012, Chiu, S, T, L, 2012). Moreover, this type of construction is cost-efficient depending on the distance of transport, however, is significant in renewable energy thus reducing the cost. Overall, in order to conduct modular services, large initial investment is crucial (Kamali, M, Hewage, K, 2016).

Methodology

The methodology is interpreted as “A system of broad principles or rules from which specific methods or procedures may be derived or interpreted or solve different problems within the scope of a particular discipline” (Global BRE, 2010). Methodology within an intervention, experiment or literature review is crucial to do well and finding solutions that contribute to further research projects. Further, there are numerous ways a research project can be completed and achieved through a variety of research methods such as qualitative and quantitative, basic, cross-sectional, descriptive, and applied research. The methodology can consist of a mixture of the methods, which may assist in the validity of the research. The research procedures are measures used to carry out and complete the research and answer your thesis. For example, some methods used to complete research are analysing journals, questionnaires, books, case studies and so on (NFER, 2018). Therefore, the project “Modular Construction in Housing Developments " methodology comprises qualitative methods and the use of previous studies and journals. 
    Moreover, the qualitative methods involved were peer-reviewed articles, books, and literature reviews. The book involved a range of information discussing modular construction and its benefits. This was talked about and studied in order to consider their research in my review. Additionally, within the literature reviews used the researcher carried out an in-depth study of books, journals, interviews, web documents and sites and lastly a survey. To conclude, the journals used presented previous case studies, which helps to increase the validity of my review. Also, the websites used compromised recent information on modular construction. 
    On the other hand, the quantitative research method utilised was a questionnaire. The questionnaire was created using google forms and was presented to the public to gather their interpretation of modular construction within housing. The questionnaire involved 7 questions and 36 responses. 

Questionnaire

The aim of the questionnaire was to gather a variety of public inclinations who are living in the United Kingdom and acknowledge their sentiment in their household with reference to sustainability, design, cost, time of construction and their view on modular housing. 

Question 1.
  The first question asked was “Do you know what modular construction is?” the diagram below shows that 61.1% of participants asked said “no” they don’t know what modular construction is, as opposed to 39.9% who answered “yes”. This first result shows an indication that more than half of the public doesn’t know what modular construction is. 
Figure 1:
[image: Chart, pie chart

Description automatically generated]Question 2. 
The second question was “Do you think construction in the UK is based on traditional methods?” the results implied that 66.7% thought “yes”. On the contrary, 16.7% of participants suggested that “maybe” the UK is based on traditional methods, this is on par with 16.7% of responses also suggesting that “no” the UK is not based on traditional methods. 
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Question 3. 
Further, question 3 queried respondents that “If you knew more about modular construction, would you buy a modular house over a traditional home?” therefore, 36.1% answered “yes” they would, 47.2% responded with “maybe” and 16.7% implied that “no” they would not buy a modular home over a traditional house. This is significant to my review because we know that modular housing is a big market in the UK, thus my responses contribute to that market further increasing.  
Figure 3:
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Question 4
The fourth question asked the public “How significant is the sustainability of your house?” their preferences inferred that 47.2% responded that the sustainability of their house was “very significant”, 33.3% answered with “significant” and 19.4% said that is “not as significant”. These findings are very valuable to my research as modular construction is significantly sustainable and this may influence construction in the UK being based more on modular methods. 
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Question 5:
Moreover, question 5 asks “How significant is the external and internal design of your house?”. The responses indicated that 55.6% considered internal and external design to be “very significant”, 30.6% responded with “significant” and 13.9% answered with “not significant”. this shows that people really prioritise the design of their house and modular construction is effective in achieving this due to its versatility. 
Figure 5
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Question 6
In addition, question 6 says “If you were to build a house, would you choose to build: A. A fast, cheap, and standard home or B. A house that takes longer to build but more expensive and designed to you”. Therefore, 86.1% of people said that they would prefer “A house that takes a longer to build but more expensive and designed to you” compared to 13.9% who chose “A fast, cheap and standard home”. This undermines my research slightly as the construction of a modular house is time efficient and relatively inexpensive. However, if I was to create the questionnaire again, I would maybe reword the first option asked to “A fast, cheap and designed to you” I believe that this option would have been more appropriate. 
Figure 6
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Question 7
The last question that was asked to participants was “Would you prefer to save money in the manufacturing of your home and spend that money on internal designs?” thus, 36.1% answered with “yes” on par with respondents also suggesting “maybe” and 27.8% saying “no”. This supports my research as the manufacture of a modular home is cost-effective and people can then spend more money on internal designs suited to them. 
Figure 7
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Overall, the use of this questionnaire was beneficial to my research as it consisted of a variety of preferences and knowledge, and this contributes to my review. 

Conclusion 

To conclude, modular construction in housing developments is effective. This is because not only is this method more cost-effective than traditional construction, but it is also significantly sustainable which the public value. This can be perceived through the findings within my questionnaire. Conversely, modular methods and their advantages are undermined by the transport aspect. This is because in some cases transport can increase the costs and cause implications if being transported over a long distance. However, the research contributes to my preference that modular construction on a larger scale could be a solution to the housing problem and the climate change issues within the construction industry. 
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