


Topic proposal.

How Modern methods of construction affect the triple constraints of projects within the chemical manufacturing industry in the UK.

Rationale.

There are lots of published research and case studies on the importance of the triple constraints, see figure 1. Showing the triple constraints, and how these constraints can determine if a project will be successful or not. There is also a lot of academic information and published resources on Modern Methods of construction on the triple constraints but there is little information on how these affect projects within the highly regulated and controlled chemical manufacturing industry in the UK.
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Figure 1. triple constraints


Research question. 

What impact will modern methods of construction have an on projects in terms of risk, quality, and resources within the chemical manufacturing industry in the UK?

Justification.

This is an important area to explore due particularly in the UK and wider European region that is seeing a manufacturing decline due to weak demand, global over supply, and macro-economic pressures like high wages, high energy costs, and green tariffs. 
UK Chemical manufacturing needs to remain competitive on the global market and there is a need to explore whether innovation, like Modern methods of construction, positively or negatively impacts reliability and improvement projects undertaken within chemical manufacturing. 
Reliability and improvement projects can vary greatly in size and complexity, they can range from the installation of a single piece of equipment and services to full production business unit construction this study will aim to gain data from a mixture of projects in terms of duration, financial investment and complexity. 

Aim

Quality and risk can be affected using Modern methods of construction as an example the use of robotics can eliminate the necessity to complete high-risk activities like confined space entries but may affect the quality of the work being conducted within the confined space with the elimination of human skills, abilities and judgements to make decisions on the work completed.
With the closure of many chemical and heavy industry plants across the Uk and large scale publicly funded projects such as Hinkley point underway the UK has a decreasing number of suitably skilled resources available to undertake projects within the chemical industry, MMC could directly impact the resources required to complete projects and the existing skillsets of these resources required to complete a construction project within a COMAH manufacturing facility. Resources have a direct correlation to project risk and quality. 
The aim of this research is to evaluate the effects of modern methods of construction have on the number and skills of resources, the quality of the tasks completed using MMC, and the project risks when using MMC on projects undertaken in a COMAH manufacturing facility.

Objectives

To identify what MMC are used in lieu of traditional construction activities in a COMAH chemical manufacturing facility.

To identify projects that have used MMC in lieu of traditional construction to further assess the effectiveness of MMC in terms of resources, risk, and quality.

To Compare the effect of using MMC compared to traditional construction on a high hazard construction activity in terms of resources.

To evaluate the effect of using MMC on activities within a construction project in terms of the effect on controlling risk on a construction project.

To Evaluate the effect of MMC compared to traditional construction on construction activities in terms of the quality of the completed work.

Literature review

Introduction

The construction industry has evolved incorporating innovative solutions to everyday construction activities, these innovations are deemed as modern methods of construction, MMC.  Modern methods of construction are used over traditional construction techniques to try and increase productivity in construction by using less resources and completing tasks quicker to when compared to traditional construction.
The term MMC is a broad definition to a multitude of solutions to everyday activities including modular designs, off site fabrication, building information modelling, BIM, and using machines to complete tasks that would have previously used human resource and hand tools.
There is little documented evidence on the effectiveness or not of MMC techniques within chemical manufacturing plants in the UK.  This literature review analysis existing research on MMC focusing on time, cost, and quality and in turn risk and resources. This review looks to identify how MMC may affect project outcomes and what gaps there are in this subject when relating to chemical manufacturing.



Modern Methods of Construction: Definitions and Scope

As previously mentioned MMC are commonly defined as a collection of innovative construction techniques aimed at improving efficiency, predictability, quality, and sustainability through greater use of off-site manufacturing and industrialised processes (Ofori‑Kuragu and Osei‑Kyei, 2021). These methods include panelised systems, volumetric modules, hybrid solutions, and Design for Manufacture and Assembly (DfMA), often supported by digital technologies such as BIM. (Mokrenko and Kozlovská, 2021) automation, prefabrication, and digitalisation have been proven to lead to improved construction performance.
MMC can be transferable through different industries bridging between residential, commercial and industrial construction, including complex facilities requiring high levels of quality and coordination (Riley and Cotgrave, 2014). 
However, literature also cautions that MMC should not be understood merely as relocating work from site to factory; rather, value is realised when MMC are embedded within integrated in all stages of construction with procurement, design and build phases of a construction project. (Ofori‑Kuragu and Osei‑Kyei, 2021).

Iron triangle and Project Performance

The “iron triangle” of time, cost, and scope remains is a proven fundamental project management technique used to determine outcomes of construction project performance (Jha and Iyer, 2007). While traditional measures focus on adherence to project timescale and programmes, costs, and scope delivery, more recent studies argue that these metrics alone are insufficient for capturing project success, particularly in complex and high-risk environments, such as chemical manufacturing or other industrial construction. Increasingly project stakeholders prioritise safety, resource utilisation, risk management, and stakeholder satisfaction alongside the traditional triple constraints (Toor and Ogunlana, 2010).
Within chemical manufacturing projects, the triple constraints are further complicated by stringent regulatory requirements, continuous production demands, and high hazard risks. Projects are often undertaken in plants that are still operational and making products, poor construction project performance such as delays or quality issues can have severe safety, environmental, and financial consequences. Understanding how MMC affect and influence the triple constraints in these environments is critical to understand if these or traditional construction should be utilised in chemical manufacturing.

Duration

Although duration is not a main objective of this assignment duration directly relates to the iron triangle of project management. A consistent finding across MMC published literature is their potential to significantly reduce construction duration. Off-site manufacture enables parallel processing of design, fabrication, and site preparation, reducing overall project completion time (Ofori‑Kuragu and Osei‑Kyei, 2021). Case studies suggest programme reductions of up to 50% compared to traditional construction methods, with some case studies reporting even greater savings when volumetric systems are employed in infrastructure construction environments such reductions are directly relevant to high-hazard industrial environments like chemical manufacturing, where shortened site windows can reduce risk and increase safety within live operations (Construction Leadership Council, 2024).
From a chemical manufacturing perspective, reduced programme duration is particularly valuable due to the high cost of non-productivity for the chemical plant, including the need to incorporate the constructed items into the product train. Shorter on-site construction periods can minimise interference with live operations and reduce exposure to hazardous environments. However, the literature also notes that MMC demand earlier design freeze and greater upfront coordination, which may challenge projects where scope definition evolves in response to operational or regulatory changes (Mokrenko and Kozlovská, 2021). This highlights a potential conflict between duration and adaptability in running in chemical plants.

Cost 

Although duration is not a main objective of this assignment, much like duration, cost directly relates to the iron triangle of project management. MMC can also be used to accurately forecast cost and improve on traditional cost forecasting along with reducing overall costs by reducing the resource hours to complete. Studies indicate that while initial capital expenditure for MMC may be higher due to investment, logistics, and design, lifecycle cost benefits can be realised through improved quality leading to less rework and shorter project durations (Ofori‑Kuragu and Osei‑Kyei, 2021).
In industrial and chemical projects, cost predictability is often more critical than absolute cost minimisation. BIM-enabled MMC approaches have been shown to reduce cost overruns by improving clash detection, design coordination, and change management (Tabejamaat et al., 2024). 
By having data rich models and defined digital processes including design, cost, and schedule information, BIM supports more informed decision making to avoid waste and issues during all construction phases. However, the literature also highlights barriers such as high upfront costs, and challenges in demonstrating a robust business case for MMC in one-off or bespoke industrial projects where there is a high demand for resources and financial commitment.

Quality

Quality is a central concern in chemical manufacturing construction, quality is paramount to operational safety material choice and performance, installation tolerances and integrity directly affect construction installation and operational safety along with notional and international regulation compliance. 
Research consistently finds that MMC can enhance quality outcomes such as offsite modular construction due to controlled manufacturing environments, standardisation, and reproduction. These factors reduce differences in construction and improved quality control contribute to fewer defects and higher consistency compared to traditional site-based construction (Mokrenko and Kozlovská, 2021).
Jha and Iyer (2007) identify competence and coordination as critical success factors for achieving quality objectives, findings that align closely with MMC principles. In regulated environments such as COMAH chemical facilities, there is a stringent requirement during construction for the ability to demonstrate quality assurance throughout the procurement, manufacturing, and construction phases, the need to prove material traceability, and strict dimensional tolerances is paramount. Offsite manufactured MMC, supported by digital processes for the flow of documentation and material data such as and BIM, may therefore offer significant advantages in evidencing compliance and supporting the compiling of all necessary data of the material manufacture and compliance. Further enhanced by the ability for operational facilities to be able to have data available to replace components in the event of failure in operation. However there appears to be limited published literature directly evaluating MMC performance against high hazard control environments such as chemical manufacturing representing a research gap.

Risk

Risk management is a part of all construction no matter the industry, within chemical manufacturing the level of risk is more prevalent than other industries such as residential developments due to the high hazard activities such as confined spaces, live high voltage plant, hot works and complex lifting of large equipment, all of these increase project risk profiles. Several studies indicate that MMC can mitigate risk by reducing the amount of time required during construction activities and the amount of resources required to complete these tasks by transferring these activities to offsite manufacturing (Kozlovská et al., 2016).
(Tabejamaat et al. 2024) demonstrate that MMC such as BIM significantly reduces project risk by improving understanding of the project throughout the different phases between all stakeholders, assessing interfaces and enabling the designing out of project risk before construction. 
BIM facilitates proactive identification of risks across the project and supports safer construction planning. However, MMC methods can also pose new challenges when compared to traditional construction with more complex supply chains and logistics particularly noticeable within chemical and industrial manufacturing with the prevalence of modular production units requiring complex shipping and delivery methods which may increase project risk in different areas.

Shrewd temporary works solutions enable safe transport of 650t elements through live fuel refinery

Resources

Skills shortages are a persistent challenge in the uk construction industry with predicted shortfalls in suitably skilled professionals to complete construction in all sectors in the uk.

Sector skills needs assessments Construction

MMC are a potential solution to resource shortages by reducing the requirements for skilled resources both on and off site by shifting work from site to factory environments (Ofori‑Kuragu and Osei‑Kyei, 2021). 
This transition may alleviate on-site resource pressures but introduces new requirements for digital designs, manufacturing skills, and integrated project management.
Jha and Iyer (2007) states that coordination and competence are key to project success, highlighting the importance of leadership, and organisational cohesion to the successful outcome of a project. In chemical manufacturing, where projects are frequently delivered by multidisciplinary teams with strong operational involvement, the successful adoption of MMC is likely to depend on organisational readiness and cultural acceptance to try new ways of working. Tuckman’s leadership theory states that any change will cause teams to revert into a storming phase, the biggest resistance to acceptance of MMC are the teams and stakeholders that are needed to adopt their use in lieu of traditional construction techniques.

Tuckmans published paper.

Sustainability

Sustainable construction is move to make construction projects more environmentally conscious an increasingly important reason for the adoption of MMC in construction. Studies consistently show that MMC can reduce construction and demolition waste, with reported reductions of 20–70% compared to traditional methods (Kozlovská et al., 2016).
Modular construction, and BIM enables more efficient material use, by using digital designs and twins to produce exact quantities of materials required to complete components, and buildings. In turn reducing overall construction waste both off and on site. The reduced resource requirements previously mentioned also contribute to lowering the overall embedded carbon of construction projects.
When looking at construction in chemical manufacturing, sustainability also goes beyond the design and construction phases and extends into operations and whole lifecycle of assets. While MMC may support sustainability goals during construction, limited research explores how MMC influence long-term operational sustainability of chemical facilities. This represents another gap in the literature, considering the importance of environmental performance and compliance of chemical and industrial construction.

Summary.

The literature found in this review shows that MMC may positively impact the iron triangle in terms of cost, time, and quality with further additional benefits to using them in terms of risk, resources and sustainability. However, much of the existing research is concentrated on residential and commercial projects, with limited found evidence relating to the use of MMC in construction projects in chemical or industrial manufacturing environments in the UK.

Some of the gaps identified include:

· Limited industry specific studies on MMC and how these influence construction projects, in these environments, in the UK.
· Limited research into the types of MMC being used in the chemical manufacturing industry.
· Above identifying modular construction being used a lack of available case studies demonstrating the effects on cost, quality, and risk.

Addressing these gaps would provide valuable insights into whether MMC genuinely enhance project performance within chemical manufacturing or whether their potential benefits come at the long-term cost to the industry.

Conclusion

This literature review highlights that MMC offer significant potential to improve project performance across the triple constraints and extended dimensions of risk, quality, and resources in residential, commercial and infrastructure environments. MMC application within chemical manufacturing remains under-researched.
Given chemical manufacturing’s high demand for compliance and sustainability, further research is required to evaluate MMC’s effects on construction projects in this industry. A determination on these points could help to deliver informed decision making that will ensure the sustainability of chemical manufacturing in the UK. 
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Methodology

“To identify what MMC are used in lieu of traditional construction activities in a COMAH chemical manufacturing facility.”

To achieve the above objective a selection of 5 publications on MMC case studies that are approved for use in a chemical manufacturing environment will be evaluated to determine what MMC are being used and what traditional techniques these replace. Appendix 1. shows an example of these publications, the case studies will be filtered removing any that do not take place in the UK, and that do not directly evaluate effectiveness against traditional construction activities. 

“To identify projects that have used MMC in lieu of traditional construction to further assess the effectiveness of MMC in terms of resources, risk, and quality.”

To achieve this objective construction projects will be identified from a download from SAP filtering to only show construction project codes, this will remove any maintenance-based activities. The search period will be all construction projects regardless of size and duration that have been completed within the last 3 years.
A survey will be transmitted, via Microsoft outlook, to construction department leaders, construction managers and supervisors, the survey will firstly identify the definition of MMC and the techniques, identified in the case studies, that will be assessed. The survey will provide a list of the identified projects and ask if the projects have used any of the identified MMC during the project’s full lifecycle. The answer to this will be yes or no choice. 

“To Compare the effect of using MMC compared to traditional construction on a high hazard construction activity in terms of resources.”

To achieve this objective, much the same as identifying projects that have used MMC in the objective above. The same sample pool and survey will be used to identify projects that have used traditional construction methods. From the two lists identified, MMC & Traditional construction.
Two paths will be defined, firstly a traditional construction method and secondly a MMC method, as an example robotics, or modular construction, that removes or reduces on-site tasks or resource usage. Resource data will be collected for both paths using a structured comparison table. 
The data collected will include the total hours used needed to complete along with the information on what skillsets were required to complete the activities.
the main differences will be reported to demonstrate how MMC affects resource requirements when compared to traditional construction on similar tasks.

“To evaluate the effect of using MMC on activities within a construction project in terms of the effect on controlling risk on a construction project.”

To achieve this objective, the same sample pool and survey used to identify MMC and traditional construction projects, using the same route methodology as previously mentioned. Evidence of risk analysis and control for each route will then be gathered by using the risk matrix that were developed for each project and the risk assessments and method statements used on each project. The effectiveness of risk control will be evaluated by quantifying the number of identified hazards and control measures required to mitigate them, recording whether MMC enables hazards to be eliminated or reduced and identifying any new risks from using MMC in lieu of traditional construction. The main differences will be reported to demonstrate how MMC influences the ability to control construction risk compared with traditional methods for the selected activities.

“To Evaluate the effect of MMC compared to traditional construction on construction activities in terms of the quality of the completed work”

To achieve this objective, the same sample pool and survey used to identify MMC and traditional construction projects will be used to select comparable construction projects where an MMC has been used in lieu of traditional construction.
Quality evidence will then be gathered for both paths using project quality documentation, including inspection and test plans (ITPs), non-conformance reports and any punch lists raised for each project. The effectiveness of the quality outcome will be evaluated by comparing the number and type of defects, the extent of rework required, and the ability to demonstrate compliance to relevant specifications and COMAH expectations, while also considering any quality impacts introduced by MMC interfaces (e.g., module connections, transport damage, tolerances at tie-ins and fit-up on site). The main differences will be reported to demonstrate how MMC influences the quality of completed work compared with traditional methods for the selected construction activities.

Methodology Conclusion.

Using the above qualitative and quantitative methods to gather evidence on the effectiveness of MMC will provide a broad spectrum of data that can be interpreted to achieve the research objectives and aims. By applying a consistent comparison approach across resources, risk and quality and by using the same project sample pool, the study will enable evaluation of how MMC changes construction projects within a chemical manufacturing or other highly regulated industrial environment in the UK. The resulting analysis will highlight if MMC can make manufacturing more sustainable in the UK or whether it is contributing to unsustainable practices in terms of helping to contract the industry ion the UK providing clear recommendations for when MMC should be preferred over traditional construction.
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Appendix 1. Example of MMC used in chemical manufacturing.
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