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[bookmark: _Toc120819368]Background of the Crossrail Project
Crossrail formally referred to as the Elizabeth Line, is a complex and one of the largest infrastructures in the United Kingdom. The project is part of Transport for London’s overground and underground rail network. It runs direct rail services from Reading to passenger terminals of Heathrow Airport via a new underground section beneath central London to Abbey Wood and Shenfield in Essex. Crossrail involved constructing approximately 26 miles of newly built rail tunnels beneath London and, together with their fit-out such as installing track, overhead lines for powering the trains, cabling and equipment required to support signalling systems, ventilation and drainage systems, establishing ten new, bespoke stations, including eight new underground stations. The project also involved designing and manufacturing new trains with new software and systems, each with a carrying capacity of 1,500 passengers (The National Audit Office, 2014).
The Elizabeth Line is expected to offer travel services to about 200 million passengers yearly. It is also projected to boost rail capacity in central London by 10 per cent. The primary objectives of the Elizabeth Line project were to reduce congestion on London’s transport network, enhance connectivity and reduce journey times, accommodate expected travel demands in the future, and support economic growth in the country (The National Audit Office, 2014). This paper aims to critically evaluate the estimated budget and time of the project, key stakeholders, and why there have been delays and substantial cost overruns. Recommendations are also proposed for the effective management of such large-scale projects.
[bookmark: _Toc120819369]Specifications of the project
[bookmark: _Toc120819370]Project Budget and Funding
Elizabeth Line is one of the most expensive projects in the United Kingdom. In October 2007, the budget for the entire project was put at £15.9 billion, but in October 2010, the budget was reviewed, reducing it to £14.8 billion (Pollalis and Lappas, 2019). This means that initially, the Crossrail was estimated to cost £14.8. However, there have been significant cost overruns. In July 2018, Crossrail Limited noted that the initial funding of £14.8 billion would not be sufficient to finish the mega project. Transport for London added to the project an additional financing of £150 million, Department for Transport said (£150 million) and Network Rail added (£290 million), totalling £590 million (Crossrail Limited, n.d). This increased the budget from £14.8 billion to £15.4 billion. Again, in December 2018, Crossrail Limited announced that the cost of the project had gone up, reaching £17.6 billion, reflecting delays in the construction as well as in sign programming (The National Audit Office, 2019). Further, in 2020, the National Audit Office projected that the final funding for the Crossrail project would amount to about £18.9 billion. 
The funds were drawn from various sources. Part of the contribution was obtained from organisations that will directly benefit from the line, including the 

Canary Wharf Group, the City of London, and Heathrow Airport. Another gift was raised through the Crossrail Business Rate Supplement; a special tax applied only to London’s businesses. Another portion of the funding was contributed by firms working on regeneration projects in London through a special levy (The National Audit Office, 2014).
[bookmark: _Toc120819371]Project Schedule
The idea of constructing the Crossrail began to materialise in 2001 when Crossrail Limited was established under a joint sponsorship between Transport for London (TfL) and the Department for Transport. In 2008, the Crossrail Act was passed, granting a go-ahead to build, operate, and maintain the new railway line across London. The project was planned to take nine years from 2009 to 2018. Crossrail Limited broke ground at Canary Wharf in May 2009, and the building of the tunnels began in May 2012 (The National Audit Office, 2014). The official opening of the Elizabeth Line was scheduled for 2018, later for 2019. At some point, it was pushed to happen between October 2020 and March 2021. The Crossrail project experienced delays all the way, and it was until May 24, 2022, that HM Queen Elizabeth II opened the central section of the line between Paddington and Abbey Wood.
[bookmark: _Toc120819372]Stakeholder
	Stakeholder (Organisation)
	 Role(s)

	Transport for London
	Jointly sponsored and funded the programme

	Department for Transport
	Jointly sponsored and funded the programme

	Crossrail Limited
	This is a wholly owned subsidiary of Transport for London, that delivered the Elizabeth line project.

	Crossrail Project Representatives
	A team of senior engineers whose role was to challenge and review the progress of Crossrail Limited with the programme and reported to the joint sponsors.

	Network Rail 
	Network Rail was a contractor to Crossrail Limited working towards the building of the western and eastern surface section. It was also responsible for operations of the national rail network.

	The Bechtel
	This was one of the project management contractors, working together with the Crossrail Limited to oversee the construction of the central, tunnelled section Transcend.

	Heathrow Airport Limited
	Contributed to funding towards Crossrail Canary Wharf Group.

	 Berkeley Homes
	Contributed toward the construction and funding of the Crossrail station at Canary Wharf and at the Woolwich

	Office of Rail Regulation
	 Responsible for regulating Network Rail 

	City of London Corporation
	



Source: The National Audit Office, 2014.

[bookmark: _Toc120819373]Analysis of the underlying reasons why the project took longer than expected
The construction of the Elizabeth Line was projected to be completed and officially opened in 2018. However, it took about three and a half more years to be completed. There are several arguments for why the project took longer than expected some of which are discussed below:
[bookmark: _Toc120819374]The shortage of skilled labour
One of the reasons why the Crossrail project was delayed is that it took longer than Crossrail Limited expected to fill critical staff vacancies. Crossrail Limited needed to rebuild its capacity and capability to effectively manage risks and contractual arrangements. The group continued to face challenges in hiring specific skills due to the specialist nature of the skills needed (National Audit Office, 2021). For instance, only some tunnellers met the recommended project requirement of at least 3,500 tunnel operatives. Also, the shortage of workforce needed to deliver spray concrete lining contributed to the delay of the programme and increased the risk to safety and health (Bigam and Pascutto, 2016).
[bookmark: _Toc120819375]Signalling integration challenges
In August 2018, Crossrail Limited stated that it would not manage to open the central section of the new line starting from Paddington to Abbey in December 2018 as planned, but until Fall 2019. It is believed that the likely cause of the delay was severe signalling integration challenges. According to Pollalis and Lappas (2019), the Crossrail line passes through three different rail signalling systems: Crossrail, Network Rail, and Transport for London. It became complex to integrate high-tech trains with signalling systems. There was also a shortage of expertise on the integration of methods in addition to a responsibility gap between Transport for London, whose responsibility was to acquire the trains, and Crossrail Limited, responsible for the project's construction management. 
Also, Plimmer (2018) argues that Transport for London delayed delivering the trains by one year and six months, decreasing the time set aside for full-scale system integration tests. There were also delays in testing the trains due to the delays in installing signalling apparatus in the tunnels and at the central station. In 2017, for example, a transformer connection malfunctioned, implying that it was hard to electrify the main tunnel as scheduled. The failure resulted in three-month delayed testing of trains with the signalling systems. Yet, this kind of signalling integration was necessary for the launch of the central station in December 2018 (The National Audit Office, 2019).
[bookmark: _Toc120819376]Impact of COVID-19 on the programme
In March 2020, the global COVID-19 pandemic delayed the Crossrail project significantly. When the first countrywide lockdown was announced on 24th March 2020, Transport for London decided to pause non-safety-critical work on Crossrail sites. Crossrail Limited states that about nine weeks of construction were lost, even though some processes, like assuring documentation, were not disrupted since staff were allowed to work from home (The National Audit Office, 2021). Sky News (2020) points out that in August 2020, Crossrail Limited had nearly 2,000 workers on site, less than 50 per cent of the pre-COVID-19 workforce. In response to the effects of COVID-19, Crossrail Limited ensured close collaboration with its contractors in planning and re-sequencing the remaining work, including using blockades, where there was 24-hour-a-day construction.
[bookmark: _Toc120819377]Problems uncovered in completed assets.
Another reason the project was delayed is that Crossrail Limited repeatedly uncovered problems in several areas already completed, and it had to address them. Upon testing the railway, it was discovered that certain assets needed to be resolved. For instance, some physical assets were different from those documented; the work had not been done; the assets were faulty – for example, fire doors or they failed to meet current regulations – for instance, fire systems in Canary Wharf and wiring in some stations (The National Audit Office, 2021). 
[bookmark: _Toc120819378]The complexity of the work itself
Furthermore, the pre-2019 Crossrail Limited management team needed help understanding the type and scale of work required to complete the project. It is argued that it became difficult or complex to understand what work remained due to the digital nature of the railway. The interdependent nature of the piece implied that making changes to one asset could potentially lead to further changes and re-testing of other assets. That assigning new work to one contractor impacted the work of other contractors. Crossrail Limited estimates that the central part of the railway line comprises about 500,000 individual assets, like platform screen doors or fire safety systems, with every station having around 80 effective methods. It is, therefore, standard testing and re-testing of these many assets that took longer than it was scheduled.
[bookmark: _Toc120819379]Factors that contributed to Cost overruns of the Crossrail project
[bookmark: _Toc120819380]Additional work increased costs
The entire project's cost increased significantly from the initial £14.8 billion to about £ 18.9 billion, a difference of about £4.1 billion. Several factors resulted in such substantial cost overruns. It was found that Crossrail Limited added more work to its plans which not only contributed to schedule delays but also cost increases. Topham (2019) reiterates that adjustments to design and plans caused the costs of most of the programme’s 36 major contracts to increase. For example, “the budget of civil engineering works at Whitechapel station increased to £659 million – six times the cost initially budgeted, and more than double the estimate in 2015” (Topham, 2019).
[bookmark: _Toc120819381]Impact of the COVID-19 pandemic
Direct costs of constructing the railway also increased due to the COVID-19 pandemic. Crossrail Limited estimated that COVID-19 factors, including social distancing, increased prices by £228 million. However, it is difficult to quantify the total costs of the pandemic on the Crossrail project because of the indirect effects, which cannot be measured easily, for instance, the extra time required to work socially distanced manner (The National Audit Office, 2021).
[bookmark: _Toc120819382]Crossrail Limited lacked adequate commercial levels over its significant contractors to prevent delays and cost increases.
The National Audit Office (2021) further noted that Crossrail Limited lacked adequate commercial levels over its significant contractors to prevent delays and cost increases, despite implementing several strategies. After announcing that it would not meet the planned target of opening the central section in December 2018, Crossrail Limited tried negotiating fixed-price contracts with its current contractors to improve certainty on the cost. Fixed-price contracts are more appropriate when contractors can manage risks to schedule and fees. The company also wanted to incentivise contractors to work more efficiently and timely with the fixed-contract arrangement. Nevertheless, factors such as an increasing amount of work, interdependence of contracts, and contractors missing key milestones, could not allow incentives to put in place by Crossrail Limited to prevent further increases in costs and schedule.
As some contractors continued to realise that they were behind schedule, they opted to increase at which they worked on significant contracts by mobilising extra workers or working longer hours than they had planned. For example, between March 2018 and December 2018, the projected budget set aside to install track and significant systems in the tunnels increased to £956 million from the previous £767 million, representing a 25% (£189 million) increase (The National Audit Office, 2019).
[bookmark: _Toc120819383]Conclusion
Crossrail (Elizabeth Line), one of the UK's mega projects, has been successful due to its realistic business case developed from the initial stages. Initially, Crossrail was estimated to cost £14.8. However, significant cost overruns have increased to about £ 18.9 billion, a difference of about £4.1 billion. Reasons for cost increases are that Crossrail Limited added more work to its plans which not only contributed to schedule delays but also cost increases; that Crossrail Limited lacked adequate commercial levels over its major contractors for preventing cost increases; and COVID-19 factors, including social distancing, increased costs by £228 million.
The project was planned to take nine years, from 2009 to 2018, but it has been delayed until May 2022. One of the reasons why the Crossrail project was delayed is that it took longer than Crossrail Limited expected to fill critical staff vacancies; there were severe signalling integration problems; the global COVID-19 pandemic delayed the Crossrail project by about nine weeks, and Crossrail Limited repeatedly uncovered issues in several areas already completed, and it had to address them. The interdependent nature of the work implied that making changes to one asset could potentially lead to further changes and re-testing of other assets.
[bookmark: _Toc120819384]Recommendations
Managing complex and costly projects such as the Crossrail requires proper planning and coordination. The National Audit Office (2021) recommends that when working on such projects, delivery bodies need to make sure that the project designs are as mature as possible before commencing construction. This is essential in reducing the number of changes likely to impact the project lifecycle. Delivery bodies need to standardise programme designs and components where possible, ensuring that contracts contain appropriate clauses that encourage standardisation. This approach is very relevant in digital projects where there is a need for integrating different classes of assets. Standardisation helps in keeping risks low and more manageable.
Moreover, the project leadership team should evolve or adapt to a big project. Governance, oversight, and reporting also need to adapt concurrently. This is because the government, personnel and skills required, for instance, designing a significant project, may differ from those needed during construction, commissioning, or operation. Similarly, a strategy that can be successful in one phase may fail in a different stage. This confirms the need to regularly review the governance, skills and experiences of members of the board and executives to ensure that the programme's architecture is in line with the project’s needs (Parker and Scopes, 2021).
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