A Literature Review on Modular Construction  

Introduction

The topic focus I will cover during this project is Modular Construction. Modular construction is the assembly of prefabricated buildings ranging from houses to multistorey buildings, schools, and hospitals (Agha et al., 2021; MBI, 2018). Modular construction units are fabricated off-site by a specialist manufacturing company, units are then delivered to the site on articulated lorries where a specialist team assemble the prefabricated sections (Agha et al., 2021; Mohsen et al., 2008, Lee, CJ, Lim, SH, 2015, Nam et al., 2020). This can take several days for a house or weeks/months for larger-scale buildings. Further, foundations and services will already be in place allowing ease of connections for gas, electricity, and water, this only leaves the final finishes and decorating to complete the unit. There are many modular house suppliers located in the United Kingdom, however, the interest and demand for them are not so significant (Agha et al., 2021). That being said, modular construction comprises of significant benefits such as sustainability, cost-efficiency, and durability and is constructed within a short timeframe (Agha et al., 2021). 

What are your aims and how? 

My aim for this project is to discover the benefits of modular construction within the construction industry. With that being said, it is important to consider the history of modular construction, I will therefore undertake extensive research regarding its history as well as the future of modular construction and how it will benefit the construction industry as it moves forward. I will also review modular construction on larger-scale developments, looking at the possibilities and comparison of downscaling for smaller developments. Further, it is important that we research modular costs and how effective and efficient it will be for companies to convert to modular. I will therefore review the cost of different types of modular construction allowing me to gain a price comparable costing against traditional construction. Another aspect that I will cover is how widespread modular construction/development is throughout the UK and how easily accessible it would be for companies in remote areas to switch to this format of construction. Additionally, time comparison is another area to evaluate. Therefore, this will be achieved by comparing the time scales of both modular and traditional development. This will allow for an offset of hourly rates between the two formats showing what financial savings can be made if any, when constructing with modular against traditional. Overall, the above areas will allow show me if companies can implement modular construction due to cost savings and accelerated construction programming. 

What do you know about the topic?
I have carried out a significant amount of research on modular construction in the past, thus leading me to be quite knowledgeable on this topic. I can reveal that modular construction consists of prefabricated buildings that are manufactured off-site, by specialist companies that transport the prefinished product to the construction sites (Agha et al., 2021; Mohsen et al., 2008, Lee, CJ, Lim, SH, 2015, Nam et al., 2020). Modular construction, although not widely used in the industry, does require a specialist team to put the product together. This method of construction can be manufactured into any shape and size, making it extremely versatile and fitting well into the industry. 
  While undertaking previous research I found that modular construction can be very cost-effective, this is due to its offsite construction, cutting costs on-site as multiple trades are not always required. Also, cost reductions can be made through weather conditions, as poor weather conditions impact less due to the units’ preconstruction off-site, reducing rain-delayed working days. Moreover, another way modular construction can be cost-effective is the speed that developments/buildings can be erected, as everything is made off-site. The buildings can be delivered in sections or in new homes floor by floor with items such as kitchens and bathrooms fully fitted, meaning the erection of a 3-bedroom house is a matter of days. The size of individual projects will dictate construction times.
  On the contrary, some disadvantages of modular construction are the need for specialist teams to construct the building, also the proximity of the development or project to the manufacturing company depo could have a significant financial impact due to transportation costs. Not only that, on-site/project delays prior to the modular unit being delivered would also impact development costs, as premade or assembled units would be delivered and then spend time being stored on-site, some time out in poor weather conditions which would affect the structural integrity of the product. This combination of storage and weathering is counterproductive, thus defeating the main aim of cost and time-saving. 
  Lastly, labour shortages within the industry are also an area which requires addressing prior to any firm orders being placed, making sure all required works are complete before delivery and specialist teams are ready for erecting once delivered if they are not part of the design and build pricing from the modular manufacturing company.

How are you going to find the answers to your questions?

I will find the answers to these questions by doing extensive research from peer-reviewed articles, this will help me further my knowledge of the topic and help me enhance my understanding of the construction industry. Casting the net for articles will be useful in finding statistical information but also the latest information on modular construction. Additionally, using the latest information on the topic will enhance the validity and reliability of my literature review. Therefore, in order to find previous literature, I will use a range of databases, for example, Google Scholar to access these articles but also to overcome database bias so that there are no conflicts concerning my review. Not only that, but I will also talk to site managers that have converted from traditional construction to modular construction, asking them detailed and relevant questions about how the conversion unfolded, why they converted, cost efficiency, timesaving and how did they find a company to take on the modular project. Finally, I will also create a questionnaire focused on modular construction and collate public perceptions on the topic to help further my understanding. Creating a questionnaire is time-efficient but also useful regarding the validation of previous literature. 

Why will it benefit you to do this research?

There are many benefits as to why I would conduct this research. One significant reason would be that this research will benefit me in my future career as a construction site manager, enabling me to have a variety of options at my disposal when viewing a new project. By carrying out this research I will be able to judge whether this type of construction is effective in all aspects, or whether I should consider quality over quantity. Not only that, carrying out extensive research will help me to gain the advantage of knowing additional construction types, that may benefit me when looking at a range of sites/developments. Overall, researching this topic enhances my knowledge of the construction industry, it will give me the latest information but also helps me to compare other types of construction methods against modular construction, bettering my understanding and allowing me to give my client the best option for their development. 

Literature review

Introduction

Prefabricated buildings initially began in 1837 when carpenter Henry Manning from London created a modular house for his son. By the year 1853, prefabricated buildings became a growing interest due to cost efficiency. Over the years the demand for prefabricated buildings has continued to increase, however, traditional construction remains significantly popular and modular is still seen as a relatively new building technique (REDS10, 2017).
   Moreover, 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 work 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, a 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 questionnaire aimed 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. 
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Results 

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. 
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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.  
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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:
[image: Chart, pie chart

Description automatically generated]

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 is 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 is more expensive and designed for 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. 
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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. 
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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. Collating quantitative data such as the questionnaire responses has also been useful for this review as it is topic specific but also up-to-date, thus increasing its reliability. 

Analysis 

From the use of previous articles that reviewed modular construction, conclusions were able to be formed. An example of research that was evaluated was published by Agha et al in 2021. This study informed me of the many benefits of modular construction but also the very few disadvantages. Therefore, the study revealed that the modular method is significantly sustainable due to some aspects such as less CO2 emission and the reusing of waste materials (Lawson, M, Odgen, R, Goodier, C, 2014). Not only that, this type of construction is cost-efficient but also time-saving and other researchers can account for this (Mah, D, E, 2011, Lawson, R, M, Odgen, R, G, 2010, Smith, R, E, 2011, MBI, 2012). Reviewing modular construction inferred that this method is durable but also safer regarding site hazards. However, the research carried out also revealed a disadvantage of this method, that being the transport of prefabricated homes. If transport covers a long distance the cost significantly increases. Thus, may diminish the cost-efficiency of the construction type, however, this formed the conclusion that further research should be carried out to fully evaluate this concept. Also, another conclusion formed was that modular construction reaps many significant benefits, and these advantages should be reinforced to construction companies in order to increase the demand for this method. Although, a great deal of the public already likes the idea of a modular home, however, more need to be informed of its advantages as revealed in my questionnaire responses. 

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. On a further note, more research should be carried out to further the benefits of modular construction and try to solve the costs of transport. Qualitative research such as interviews should be conducted in order to increase the validity of the literature and gain more experiences of those who build using modular. 

Reflection 

Carrying out this exercise has taught me several things about myself both professionally and personally. Completing this exercise has taught me personally that I have been organised throughout and also used my time wisely. This attribute is significant to obtain not only personally but also professionally, this is because a construction manager should have everything organized and set out thoroughly to prevent any issues encountered within the project (McDowell, E, 2019). Additionally, this exercise has allowed me to develop academically by analysing and assessing previous literature to produce a study on my chosen topic. Therefore, this task has implied that I can identify the strengths and weaknesses of individual studies as well as the existing research as a whole. Completing this task has also shown me that I am quite creative, this is because I produced a questionnaire on my chosen topic for the public. Consequently, I am also able to interpret public views on a specific topic, but also be mindful and this has aided me in forming conclusions. Furthermore, this exercise has also shown me that I can consider additional methods to carry out a project. To be more specific, this exercise has furthered my knowledge of the benefits of modular construction in comparison to traditional and contributed to forming the conclusion that modular might be the way forward. However, going forward I will continue evaluating the strength and weaknesses of research studies but also other construction methods to enhance my analytical skills. Further, reading several articles on my research focus came across as quite difficult for me because I endure a short attention span. Therefore, going forward, I would give myself more time to research and carry out tasks to improve my motivational skills. 
   Moving forward, the journey to my goals was to collate a variety of data on my chosen topic and thus be able to produce a valid literature review. In order to collect this data, I searched different databases for previous literature for example Google Scholar, however, did keep database and literature bias in mind. Although I had access to a range of valid and useful studies some databases had permission restrictions which fell under one of my failures for this exercise. However, the issue was resolved by searching other databases and gaining access. Another aspect of my journey was evaluating the previous literature selected and identifying the strengths and weaknesses of each individual study. Withal, I was quite successful within this aspect, however, it was difficult at times to form decisions. Additionally, I also created a questionnaire to gather public perceptions on my research question and had great success in response numbers and a variety of answers. Though, a failure encountered when the questionnaire was sent out and responses analysed was that questions were too vague in some instances and people may have interpreted the questions differently. Therefore, if I was to carry out this research study again, I would ensure some questions are more specific so that I can receive the best possible answers to achieve the finest conclusion. 
   As discussed above, if I were to carry out this project again, I would make certain that the questions in the questionnaire were more specific regarding what answers I wanted to receive. Not only that, although a variety of literature was used from different databases if I were to take part in this project again, I would make sure an extensive range of databases were used. This is to ensure that my decisions and conclusions in regard to this literature study were valid and the true merit met. Further, if were to do this project again I would look more thoroughly into the cost of transport for modular construction. This is because the cost of transport was its downfall for this method of construction, however, this may have just been the case for studies I had selected and read and therefore more studies should be analysed to ensure this is fact. Not only that, given what I know now I would collate more studies focused on modular construction in the UK to further enhance my understanding but also send my questionnaire out to more people in the construction industry. Sending the questionnaire out to these types of people would be beneficial in gathering responses from companies and workers that may construct houses using the modular method. In addition, these people may prefer modular over traditional construction which would make the responses more interesting and useful in furthering the validity of my study. Although discussed above that I was going to carry out interviews with site managers that have converted from traditional construction to modular construction, due to time constraints this was unable to take place. Therefore, if I were to complete this project again, I would carry out interviews with construction employees and managers who build houses using the modular method to gain more qualitative research but most importantly understand additional benefits and perceptions and increase the soundness of future research. The interview would involve questions such as How the conversion unfolded? Why have they converted? Is it cost-efficient and time-saving? and how did they find a company to take on the modular project? Lastly, another aspect of modular construction that I may research if I were to do this study again is to look into the land cost and availability in the UK. Researching this factor may influence the costs positively and be an additional benefit of modular construction. 
   Carrying out this research project has strengthened my ambition. This is because my evaluation of previous research and the responses to my questionnaire has implied that modular construction is sustainable, and the public is fond of this. Identifying that modular reduces carbon dioxide emissions and follows a recycling process for waste materials contributes to strengthening my ambition because of the global warming crisis. Furthermore, my ambition has also been enhanced because of the cost-efficiency, not needing to employ more workers is advantageous in reducing costs but also site accidents. Not only that, constructing these houses in a short timeframe contributes to reducing costs due to more being produced within the year. On the contrary, further research needs to be carried out due to small cautions crossing my mind regarding transport costs. Research suggests that transport costs might undermine the cost-efficiency of modular, therefore this needs to be confirmed. Lastly, although this project has strengthened my ambition that modular is the way forward to build houses using the modular construction method. Responses from my questionnaire do oppose each other concerning whether they would buy a modular house, and this creates doubt in my mind that fewer houses may be sold if they were this method, thus conflicting whether modular would be cost-efficient for me. Overall, my ambitions have again increased concerning collecting more qualitative data from construction managers and companies that construct using the modular method. 
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