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Elizabeth line railway project is the largest infrastructure project in Europe. Taking in consideration the seize, budget and complexity it can be considered a megaproject. The project type is called Railway line, located in Greater London, Berkshire, Buckinghamshire, Essex, England covering 73 miles. It increase the rail capacity of London with 10%, hosting 200-280 million passengers a year.   10 new stations 118 km of underground and overground railway from what 42 km is in tunnels, will benefit the UK economy over 60 years. It connects the biggest airport Heathrow to the commercial hearth of London, Oxford street, city of London, Canary Wharf. 
    Crossrail Ltd was created as a secondary of Transport for London to deliver the project to the need of sponsors , TfL and Department for transport.
( Wright et al., 2017)






        To make a project complex as the  Elizabeth Line  project was in the middle of a busy city as London carries risks. Crossrail used a  construction management traditional with a detailed design for the  main structure of the project . The main infrastructure design time was initially  3 month for  the contractors. Crossrail also decided to have a committees with external consultants with expertise on different issues just for the feedback for the project  engineers. This experts were used also to obtain evaluation periodically about performance, collaboration,  health and safety, environment, quality, community relations, social sustainability. 
        The Crossrail project contained two railway model, one digital ( the first digital rail implemented in the UK)  and one  physical. The digital one means that Crossrail Ltd set up a specific guidelines and standards for all the contractors working on this large project to follow the  same processes and software system. This make sure that companies won’t use their own processes and software system. 
 Another collaboration was with Bentley System, they developed together a Crossrail-Bentley Information Academy (the firs  of this kind in the UK) , to improve the delivery  of the project and for the better understanding of everyone what and why they deliver what the do. This academy also build this project virtually and physically in parallel, and all assets were digitally saved and  given to the asset owner at the end of the project. 
They also developed an engineering design solution to minimise waste and reduce of railway maintenance.  All the digital data about the project was saved in common data environment CDE concept, this is used usually for very big project as this one and this make it easy for the right people to access the right information in right time by anyone who could have access to it, this also save , share , protect  all the data and information. 
       The amount of information about the project is the following: 
                  - over 5 million documents
                  - 450.000 drawings
                  - 660.000 assets
                  - 8.250 information of the database
                  - 450 CAD users
 Crossrail LTD modelling information across the life circle of the project: 
     - 3D models: 3D design
                         Visualisation
                         4D scheduling 
    
     - Data models: Timetables
                              Performance modelling
                              Condition predictions
                              Simulations
                              Analytics, trending
                              Asset data
                              Forecasting
Crossrail Ltd together with Imperial College developed a strategy to manage innovation in major projects as this was. They called it Innovation 18  and it was funded by the major contractors of the Elizabeth line project. Innovation 18 was a platform to share and exchange ideas, knowledge, between diverse communities, and it also connects with representatives as  Institution of civil engineers, Construction leadership council,  government bodies, multinational businesses. More than 1000 people involved in Crossrail project was accessing and sharing ideas. 

      Crossrail considered sustainability from the beginning in every decision they made. their first step was to create sustainability strategy, they published it in 2009 as the construction of Elisabeth line will start at Canary Wharf site. The strategy approach was to deliver improvements in economic, environmental and social sustainability. 
 
Crossrail sustainability themes and linkage  with TfL and UkGov. 
UK government sustainable strategy:  Achieving a sustainable economy
                                                              Living within environmental limits
                                                              Ensuring a healthy and just society
                                                              Prompting good governance
                                                              Using sound sience
TfL sustainability framework:             Economic progress
                                                             Climate change
                                                             The physical environment
                                                             Health and wellbeing 
                                                             Safety and security
                                                             Equality and inclusion
Crossrail sustainability themes            Economic progress, maximise competitiveness 
                                                               and productivity of economy
                                                              Sustainable consumption and production
                                                              Address climate change and energy
                                                              Physical environment, natural resource protection 
                                                              Improve health, well- being and happiness
                  ( Crossrail, Sustainability Summary Report, 2018) 
The economic sustainability plan of the project is to make net profit for the UK economy of 42 Billion £ over 60 years. It will also make possible to boost competitiveness of London, people will have shorter trip times, less congestion at the stations, easy accessing. 
Crossrail designed the areas around the Elizabeth line stations, they make public spaces, office, retail, residential spaces also being delivered around the central area stations.  
Their plane is to create 90.000 new homes, 4.4 million square meters of commercial office and retail spaces,  and also they created 55.000 new jobs. 
  Crossrail pay attention to their environmental target during the construction of Elizabeth line 8 million tons of excavated material was reused in collaboration of The royal society of bird protection they build a natural reserve for migrating  birds. 80% of this material was transported by rail and water to reduce trucks to be driven across London to make sure the roads are not congested. The demolition and construction created more than 500.000 tones of waste material from what 39% was recycled. To protect the quality of air they used emission control for the  equipment’s. The construction of the Elizabeth line consist in 42 km of tunnel and 10 new stations in central section what resulted of habitat lost, to improve that they made green roofs and landscaping. 
  The project other big commitment was to reduce carbon footprint, for this they want to reduce the energy consumption  of the railway, the energy used during construction they achieved a 18% carbon emission reduction during construction.
Other energy consumption reduction technics they used as LED lightning installed at the stations and tunnels what is 62% less energy usage than the standard lightnings.
LED lightning also give brighter illumination  and less maintenance requirements. 
Renewable energy will provide 30% of the energy needed for their maintenance depot located in Old Oak Common.  500.000 railway assets such as CCTV, alarm system, smoke alarms needed to be installed after a proper safety check been made.
At the environmental assessment ratings they received excellent in all the sections. 

    The rail capacity of London has been changed positively since Crossrail build Elizabeth line, economic benefits will be city wide. London’s economy and competitiveness will get boost from the jobs created while the constructions started,  improved quality , connections and transport time  for the millions of travellers all are part of the city positive benefits.
Already mentioned other positive effects for the city of London the developed public spaces around the stations, the office, retail, residential spaces. 

     Initial budget of the project 16£ billion, and initial plan to finalise was 2008-2019. Then in 2010 after a review  of the plan the budget was reduced  to 14.8£ billion, however it needed an additional funding in 2018  so goes up to 15.4£ billion but it was still under the original estimated budget.
          The funding of the project was made by Government 60%, TfL 40%, and the rest was funded by public multi source funding’s such as Heathrow, City of London, Canary Wharf Groups and these will directly benefit from the project.
250£ million, 3% of the cost of the central section of the contract works delivered directly by Crossrail was paid for : information, technology, management costs for hardware, software, licensing, staff for design.  The Innovate 18 program  made in collaboration with The Imperial College and  it was developed  for accessing and sharing ideas cost 3£ million. It was a number of benefits noticed thanks to this Innovative 18 program, such as health and safety improvements, innovative culture, increased collaboration, team building.

          The initial plan for the opening of Elizabeth line was 2019, but in August 2018 tan announcement was made that will be delayed the opening from December 2018 until fall 2019.  Crossrail Ltd specify that the late of the opening is due to severe signalling  integration problem,  those systems were not suitable for the high tech trains they wanted to run over there. Network Rail promised to install new standard signalling system  across London and Shout east England, Crossrail Ltd realised the wouldn’t do, due to shortage of expertise on system integration, and also responsibility gap between Crossrail Ltd and TfL because Crossrail Ltd was responsible to have the signalling system to  have it ready and TfL was the part with the new trains purchasing what was also delayed for the delivery with 18 months so the  system test couldn’t be done.
The main construction were done in time, and also with 12% less then the original budget , the signalling program delayed the whole project, compared to this scale of projects the delay was still considered minor, the pressure was mainly because of the loss of revenue of London.
         
       The launch of Elizabeth line was in 14th of May 2022 but at this date still not 100% all stations were operating. They received the final authorizations on the 13th for trains, stations, infrastructures from the Office of rail and road. Over the last two years of the project the Office of rails and road had been working closely to make sure Elizabeth line meets all the important safety and technically requirements to open for the travellers.
Nine new London stations from Paddington to Abbey Wood, 12 trains/ hour run in each direction  from 6:30 to 23:00 Monday to Saturday. Bond street station will open later in 2022.
Currently there is no Sunday service until integration works are not done  in preparation to the next phase of opening in autumn.
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There is a long list of wide range of  stakeholders for this huge project, future passengers, London businesses, HM treasury, national politicians, local authorities, impacted communities, statutory undertakers and bodies, other railway bodies. 
There were different risk factors to be considered while planning and building the Elizabeth line, such as tunnels to be safe, to deal with ground conditions and underground obstructions, to make sure the buildings and services are not damaged. Also there were risk managements needed at engineering, finance, delivery and commercial phases also. There were different external threats : political, economic, social, technological, legal, environmental and internal threats: safety, cost, schedule, quality. 
Crossrail is a complex governance structure with many stakeholders, understanding the risks helps clarify roles and responsibilities.
Ground investigations were done over the years before the Elizabeth line project started to make sure the geotechnical risks are managed, this is due to the different composition of the ground in different locations where the tunnels and stations were designed to be build. Key hazards included: groundwater, different ground compositions that can cause instability of the ground and flow paths, cemented and limestone units in the ground,   sand ground, these all needed to be considered while digging works are made for the tunnels and for the long term safety of the tunnels. 

      The railway has a total of 41 stations all of the step free access from the railway to the  street level, to make sure people with disabilities can easily travel, trains are walk through for wheelchair users, travel time is reduced between the stations, trains have air conditioning and Wifi system, all for the best quality of travel. 
       Crossrail project documented all the lessons that learned during the work for the future projects  to eliminate from the beginning these mistakes.
The launch of the Elizabeth line represented an historic moment in UK infrastructure delivery. Other historic moment the Queen appearance at Elizabeth line opening ceremony at London Paddington station before the public opening. The Elizabeth line was named as the Queen’s honour.
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