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INTRODUCTION   
House prices in the UK have risen in the last ten years, yet house construction is at its lowest level since 1924. According to estimates, Britain will face a housing shortage of roughly a million homes by 2025 in a nation where up to 70% of adults are accustomed to owning their own homes. 1 The UK is known to have the highest rates of homeownership in Europe, but it is getting more difficult based on the lack of affordable housing as a result of low affordability due to low wages and high standard of living increases. This study aims to investigate how the use of panelised systems and materials can increase the current housing shortage. The housing industry is generally dominated by traditional methods of construction which has a limited range of products to resolve this housing crisis.
The findings suggest that the housing shortage in London is a crisis that stems from affordability/availability and subsequently suggests the adoption of Panelised Offsite Construction (OSC) as a smart and affordable solution to the problem. However, it is necessary to implement new policies that would effectively support, stimulate, and maintain housing growth. This outcome will be used to understand how best to implement modern methods of construction. 

Problem Statement

The British government, through social housing, local councils, and private investors, has devoted a significant number of resources to resolving the London housing problem, but little progress has been made. Despite the recent uncertainties around COVID-19, the housing problem in London remains unsolved. 2 This problem will persist until traditional brick and block walls are replaced by panelised systems that are sustainable, innovative, eco-friendly, and environmentally friendly building technologies, as well as faster diffusion of construction innovations. 3 Uncertainty and complexity are generally intrinsic to construction ventures. This tends to be applied to house building and designing. House building has been recognised as a complex set of activities that may involve specialised actors as well as their onsite activities, which are particularly dependent on the weather conditions. Traditional house building generally includes complexity, which means uncertainty for the builders. Besides, there are major challenges that are faced by the builder’s onsite. 4 As a result, many advocates proposed a solution that shifts many onsite-based construction activities to a much-controlled offsite environment. 5 

The housing sector is generally dominated by traditional builders, who may provide a limited range of products to cater to the owner-occupation market and single-family homes. A wide range of discussions has been based on addressing the potential benefit of Offsite construction. There has been a general expectation that panelised offsite be extensively adapted. However, most construction companies do not want to adopt these new technologies. Offsite construction is generally regarded to be a much more expensive option because of the higher initial capital outlay, design, and carnage on transportation expenses. Offsite housing manufacturing tends to be an umbrella term for house building that relies upon the single components that are being manufactured in factories and then transported to a site to be finished and assembled there. 6
The current housing crisis in the UK has led to the current housing crisis in London. The National Housing Federation (NHF) estimates that until 2030, the UK must construct between 250,000 and 300,000 additional dwellings per annum. Due to rising construction costs and a shortage of trained laborers, the sector is now only able to produce 180,000 homes annually which cannot meet the housing deficit. There is also a steady decline in the provision of social housing and research has proven that panelised construction might provide a cost-effective answer. 7 

[image: image4.png]



Figure 1: Fall in new Social housing across England
The construction sector contributes more than £105 billion to the UK economy and benefits more than 300,000 related companies in the country. 8 Due to the ongoing need for new construction and more affordable housing options, it is anticipated that modest home builders would use this opportunity to fund research and development for accessible building procurements. Compared to other industries, the construction industry in the UK lacks innovation. The automobile industry, mobile phone technological developments, and various other industries are suitable examples. Offsite construction deals with new building methods by moving the building construction practice from on-site into a well-ordered workplace. 9 Although OSC is still in the early stages of being used in underdeveloped nations, it has attracted considerable public interest due to its potential advantages in realising improved project procurement. Numerous studies have compared the cost-effectiveness of OSC versus traditional building methods. Offsite manufacturing (OSM), according to the UK government, may effectively replace traditional building techniques. OSM and Modern Methods of Construction (MMC) have experienced some development in the construction sector because, it has been able to identify ways to boost productivity and reduce waste by borrowing knowledge from other sectors, such as industrial manufacturing.10 Furthermore, the industry hasn't changed much from the traditional building processes, which have yearly sales of approximately 15 trillion USD, or around 6% of the world’s GDP. OSC, OSM, and MMC are more cost-effective in the design and planning stages and can speed up the building process by up to 55%. 11
OSM has demonstrated its capability in other nations, and specialised developers are now able to make huge, customised, luxury homes that can arrive on trailers at a cheaper cost and in a shorter amount of time. However, OSM is not acknowledged by small house builders in the UK. Until there is a significant shift from the old brick and block walls to a more adaptable, pleasant, sustainable, innovative, and environmentally friendly means of constructing, as well as a quicker diffusion of construction technologies, the traditional ways of building will persist. Even though social housing providers, the local government, and private investors heavily utilised their resources for this purpose, nothing was accomplished. Despite the recent Brexit uncertainty, London's housing crisis remains unaddressed. To address the housing crisis in London, this research is interested in the adoption and diffusion of innovative construction methods that make use of offsite technology, panelised/prefabrication, Modular, sustainability, robotics, and cost-effective construction methods. 12 
OVERVIEW OF OFF-SITE CONSTRUCTION

History of OSC
The end of World War I saw that the UK's construction sector was impacted by significant shortages of skilled workers and building materials both being diverted in the war effort. This resulted in an acute shortage of houses between 1918 and 1938, the use of steel-framed housing and other industrialised housing based upon traditional precast concrete was encouraged.13 In addition, during that period, more than four million houses were developed yet only around (5%) had been constructed utilising the approaches of offsite construction. Furthermore, by the end of World War II UK had witnessed a new approach to the construction of new homes. The implication of offsite construction settings had been addressed to the prefabrication via political pressure to develop affordable quality houses. Although the banking and insurance industries have also been critical of OSC, there has been a recent shift towards huge investment in OSC. In contrast, the UK continues to be a global leader in the production of OSC. The commercial sector has successfully employed OSC for large-scale initiatives such as schools, hotels, hospitals, airports, and railway stations. 14
The Construction Sector in the UK
Every country’s economy is significantly influenced by the building sector. It has been discovered that this sector deals with a notable infrastructure that includes both public and private infrastructure. It produces £11 trillion in yearly income, or roughly 8% of the Gross Domestic Product (GDP), and 9% of employment positively affects over 300,000 UK construction subsidiary industries. 15 To replenish the level of those departing the country and recruiting fresh talent, is becoming more difficult. 16 Additionally, it has been recognised to have an impact on effective government policies needed to lower the unemployment rate and increase economic prospects in countries. Small businesses with little efficient coordination and/or collaboration dominate and split the offsite construction sector in London. Additionally, those who build the homes make the presumption that previous attempts at offsite construction solutions have failed. Clients using offsite manufacturing methods discovered that most British manufacturers currently use cutting-edge production procedures in contemporary or highly automated facilities.
Advantages of OSC
Offsite construction advantages include a tendency to produce less noise, reduce waste, and cause inconvenience to nearby residents. Additionally, offsite construction enables low accident rates and great quality assurance. Moreover, urban regions where a rise in housing demand tends to occur are where the need for OSC adoption is most evident. For the UK government to achieve its social and economic aims and objectives, the construction sector is also essential to the UK economy. However, this industry must be promptly modernised to guarantee that the majority of chances are available. 17   Additionally, the method of starting offsite construction settings has significant advantages; yet recent studies have shown that just 7% of the construction in Britain is now being done this way. Offsite construction methods provide a wide range of potential advantages in terms of productivity, the environment, and Society. In some instances, it addresses more dependable and speedier delivery owing to the construction of new homes, which tends to be 30% more quickly with associated costs that are around 25% cheaper. In addition, the venture expenditures associated with the manufacture of the structures can be reduced by around 50% thanks to offsite construction. Furthermore, the offsite construction environments improved worker’s safety since they eliminated the need to work at height and/or underground. 18 
Disadvantages of OSC

Although, offsite construction has several benefits for a developer, it is mostly used for large-scale constructions in Britain. Offsite methods are discouraged by the UK planning system because it is perceived issue is as pervasive as CRL claims, it probably affects those in charge of granting planning permissions as well. 19 As most UK towns are filled with Victorian and Georgian Terraces, OSC are inevitably looked down upon by a planning system that emphasizes uniform appearance and protected vistas. Small construction companies lack the funds to invest in factories. Offsite construction has mostly been left to the major developers who can afford to keep their factories active since these enterprises lack the funds to create a factory or industry the regular enough work to be certain they will keep it busy enough to pay for its overheads. Also, not every location is appropriate because most sites available are small derelict pocket sites within the city centre which makes it impossible to adopt offsite construction. Other disadvantages include the following:
· To produce a high-quality outcome extremely effective planning and design processes are needed

· It has limited or restricted customization

· It calls for knowledgeable workers and cutting-edge production technologies

· No viable supply chain and a sustainable business model

TYPES OF OFFSITE CONSTRUCTION 
Volumetric/Modular Systems
Buildings that are partially or entirely built off the site of construction and then move to the location using special-purpose vehicles are referred to as volumetric/ modular systems. However, certain minor finishing tasks are all managed onsite. The different building components are put together in modules, however the size of the modules or building components is limited because of the risk involved in moving them to the construction site. Modular homes are built almost entirely in a factory. The house is constructed in separate box-like modules attached to walls, floor, ceiling, wiring, plumbing, and interior fixtures.20
Panelised offsite construction

The production of flat panel units in the shape of walls, floors, and roof tiles that may be utilised to create the whole shell of the structure is a component of Panelised offsite construction. Another name for these structural flooring and roofing modules is cassettes. After being produced, the units are brought to the construction site and assembled into a 3-dimensional structure. These panel units are built in a factory and shipped to the location where they are assembled into a three-dimensional structure to fit into an already on-site constructed structure. Insulated panels light gauge steel, infill walls, or light gauge still may be used to construct the produced structural modules. 21
Hybrid offsite construction

Using both Panelised volumetric construction methods, single structures are built using hybrid construction. This construction is also known as semi-volumetric as a result. Mostly, parts like the kitchen, bathroom, and bedroom, are constructed as volumetric construction, and the remaining part of the dwelling is constructed using panels. This enables the whole construction process to be completed offsite and reduces the amount of time needed for onsite installation which has services embedded in it. 22
Why Panelised Offsite Construction    
The two most commonly utilised offsite construction techniques are 2D panelised and 3D volumetric modular methods. Panelised construction refers to the construction of individual walls and floors at offsite facilities before being assembled onsite. Volumetric construction refers to the construction of full units or rooms to a “finish” in offsite factories and craned into position on-site. 23 Panelised systems have a variety of advantages for developers and builders, which has resulted in a wide-scale adoption. 
Their overall weight is low and they can be easily stacked for transport, so you can fit multiple rooms or units on a single lorry, resulting in very few lorry loads to and from the site. In a scenario where there is a need to change design solutions during a building program, it is much cheaper and easier to make them when working with individual panels, giving total cost control to the developer. Panelised systems also can be developed as factory-assembled wall and floor components and pre-insulated external wall systems, it quickly erects these components on-site to produce a shell that weathers quickly.24 The building is then finished using manufacturing techniques in a real design for manufacture and assembly (DfMA) procedure. This will result in a significant shift in the way construction operations are carried out because of the accuracy with which the system is planned, produced, and put together on-site using BIM. 25 The role of logistics in panelised offsite construction implies that finished sections of buildings are delivered onsite in comparison to the delivery of materials, plants, and equipment in onsite construction. Panelised systems are much easier to transport than volumetric systems due to their sizes. For example, steel frame elements for high-rise or infrastructural projects can have large lengths whereas volumetric systems tend to have large widths. Another issue to consider is offsite logistics and regulation difference between standard and abnormal loads and the need for careful planning of the transportation routes which can be difficult.26 Logistics in offsite construction can bring several benefits including a reduction of deliveries to the site, better time management, and alternative transportation methods. 
All other common advantages that volumetric systems provide are associated with panelised systems. One of the important advantages is they are constructed in a factory-controlled atmosphere and their manufacturing is unaffected by the weather. This implies that the building’s interior finishes fit out, and services have already been installed, leaving just external facades, roofing and service connection, and commissioning to be finished onsite. 27.
Case study: Portland’s Place, East Village Stratford London
Portland's Place, East Village Stratford London is a high-rise residential structure that was completed in 2022. The two towers, one with 26 stories and the other with 31 stories. It provides 524 flats with 1 to 4 bedrooms and studio flats which are for private rental.  The construction work of the project started on site in August 2019 with a Gross floor area of 57,090 m² and was completed in December 2022. MACE completed the project by developing a particular system known as the "jump factory" or, as MACE refers to it, the High Rise Solution (HRS) for the panelised method that was utilised for the construction of the building. One of the particularly important characteristics of this strategy is that the perimeter floor units are supplied with the facade attached, anchored to the bottom, and supported by temporary props. In this case study one of the advantages this solution offered is that it can be modified to an architectural design rather than forcing the design to be based on the original concept. There is room for alterations and changes in the design models. This project provides a reduction of transport logistics by 40% and a reduction of waste by 75% and overall delivers a lighter structural design. 28 This project was an indoor construction site that benefitted from a reduction of construction noise, lower safety risk, and reduction of environmental delays. This technique also ensures that the subcontractors embed critical measures in eradicating defects, improving the time of project delivery, saving costs for clients, and increasing productivity.  Building the towers in enclosed protection ensures that weather does not affect the delivery times of the project which reduces delays and cost overruns.
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Figure 2. Portland’s Place London – Panelised Method: The Jumping Factory, 2020 
Results of Case Study
Design 

This specific project was able to achieve any architectural concept as efficiently as possible for off-site production. Based on meeting the set of requirements set by the employer which was met or exceeded. The design and construction team where able to also meet all performance standards or comply with building regulations. 

Manufacturing
A Panelised off-site production facility needs to adhere to health and safety alongside high production quality assurance which should be consistent and up to standards. Quality control measures are followed and regular inspections are finished earlier in the production process. 

Logistics

Due to eliminating the need to supply materials on-site finished sections of the buildings are delivered which increases the effectiveness of site delivery by cutting down on vehicle movements by 40%, and carbon footprint which will be beneficial for the environment and have a less negative impact on nearby communities.  

Site Assembly

The process of bringing the components together and assembling them on-site is far quicker than using conventional techniques. A 25% improvement in the program will lower funding costs and open up early earning potential for developers. This automation approach reduces the need for having tradesperson onsite but rather key professionals are used in the site assembling of the buildings. 
Time and Cost efficiency

It is paramount to note that the overall budget placed on the project was achieved which translates into a more cost-effective project. The reason for an overall increase in the price of properties is due to the cost of labour and material. Panelised methods attend to the cost of labour as housing is built from the factory which eliminates bad workmanship, illness, and unavailability of workers.  

Finished Product

The entire project was consistently delivered to a high standard. This creates the option to maximise value in new areas, such as optimising floor-to-wall ratios and net-to-gross areas, as well as constructing lighter structures that can reduce foundation loadings and potentially achieve extra stories within the same planning environment. 
CONCLUSION AND RECOMMENDATIONS  
The current housing crisis in the UK especially in London boroughs will continue to plague the environment unless there is an adoption of new building techniques which includes panelised, modular, sustainable, robotic, and cost-efficient construction methods to address the housing crisis. Studies have connected OSC to several benefits, including reduced assembly periods, reduced costs, improved worker safety, higher quality and quality control, waste minimisation, improved site management, and better quality and affordability. 29 Although offsite construction has been successfully adopted within the commercial and industrial sectors there are opportunities to adopt it within the residential sector especially with the development of modern Panelised offsite technologies. 
The Jump Factory is a technological innovation that is the on-site factory and an incredible creation of Mace, which is a crucial add-on that plays an important role in this particular case study. This remarkable invention of Mace is what enables the construction team to operate constantly regardless of the weather conditions, particularly in windy scenarios. It protects the entire working surface of the platform, which has the additional benefit of reducing the dangers associated with working outdoors by shielding workers from the elements and making it less likely that they would be injured in an accident. This advantage is in addition to the independence from alterations in the climate. The case study shows that panelised construction is one of the foremost methods that can be employed in tackling the housing shortage in London and the UK.
In summary, the adoption of Panelised offsite construction can be adopted through following the recommendations:

· The construction industry needs government incentives to promote sustainable off-site Construction to enhance adequate housing provision
· Providing training for construction employees and employers
· A robust housing grant for Londoners to purchase a Panelised OSC house.
· Awards/incentives for the construction sector to ensure the proper launch of Panelised OSC production.
· Tendering OSC-friendly procurement policies to promote panelised OSC
· Panelised construction has attracted considerable attention owing to its advantages over the volumetric construction method regarding design flexibility and transportation requirements. 
· Sufficient financing for Research and Development, tax incentives for adaptors, and council tax rebates for end-users 
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