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The casual effect and synergy of high-speed rail development on the modal transport changes in supply chain and logistics have not been considered well during the initial phase of any rail project design and development. This has impaired the systems integration and connectivity among the modes of transport in a region. In the United Kingdom, High Speed 2, a large-scale railway project with a planned completion date in 2033, affects many transport stakeholders. The project influences the existing transport systems, but the transport systems integration design has not been well depicted, resulting in a pressing concern on systems connectivity and social value. This is evident by many public protests along the planned route of the project. Therefore, it is important to evaluate different aspects for any possible changes in supply chains caused by the development of high-speed rail networks. This paper is the world's first to provide the sensitivity analysis of supply chains via air-rail-road freight transportation and logistics stemming from the High Speed 2 case by the rigorous assessments into the capacity, performance and environmental changes that may follow the project’s implementation. The research proposes a new method for estimation of consequences from a new transport project construction. The research findings demonstrate slight beneficial changes in freight transportation and logistics with a high potential for development; and reveal the project’s weaknesses and opportunities for better systems integration and business synergy.
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INTRODUCTION
With infrastructural development in the railway field and scientific and technological progress, there has been a dramatic evolution of railway systems. The evolution is not only for railway speed acceleration but also for transport capacity improvement. Hector et al. (2012) find that United Kingdom does not have any plans to build its High-Speed Rail (HSR) until 2004. Consequently, United Kingdom finally enters the era of HSR after the completion of the first high-speed line (HS1) from the Channel Tunnel to London. In addition, High Speed 2 (HS2), which connects London, Birmingham, Manchester, the East Midlands and Leeds, is the largest European transport project so far with an estimated cost of 55.7 billion pounds sterling (GBP). According to a report published by Transport Statistics Great Britain (2019), 808 billion passengers’ kilometres travelled in the United Kingdom in which 83% of the passengers travelled with cars, taxis and vans. On the other hand, about 8.3 billion journeys in 2018/2019 over public transport vehicles. In contrast to this, the remaining journeys were similar to what they were in the previous year. This depicts that transport is essential for people in Britain, which makes it necessary for the government to emphasise infrastructure development. Although the construction project might significantly affect the existing transport system of the United Kingdom (Department for Transport, 2017), it could bring huge transport, economic and environmental benefits. However, the project might affect many stakeholders in the long-term run due to its large expense (High Speed 2, 2019).
Since the main purpose of constructing HS2 is to shift freight haulage from road to rail, it is essential to analyse the probable impact on air-rail-road freight transportation systems to understand the causal effect and synergy of high-speed rail development. In line with Gunasekaran et al. (2001) and Chan (2003), the research method for supply chain analysis will be focused on performance measurement to study the number of metrics related to different parties’ interactions. As Beamon (1999) states, it is necessary to consider several metrics to derive a detailed understanding of supply chain characteristics and identify their importance.
Evaluating the high-speed train project is that the entire project involves a huge cost, increasing the risk of this project. In this manner, the lack of evaluation can result in project failure and loss of investment. Therefore, the evaluation of the high-speed rail project has been carried out in this study. In the study of Yeo and Ren (2009), it has also been argued that it is vital to assess the risks involved in huge projects as the chances of failure are more associated with high-cost projects. Concerning the public hearing, people support the entire project, making their communication much more efficient. It is because high-speed rail will reduce the travelling time between towns, which will provide quick service to passengers and save them a lot of time. However, it was also revealed from public hearing that some of the residents are against the entire high-speed railway project in the United Kingdom as the infrastructure invade their space (BBC.com, 2020). Concerning the project of HS2, the major source of delay for the entire project is that the project has been split into two sections. The construction for London to Birmingham route began in 2017 and is expected to be completed by 2026. However, Birmingham to Manchester or Leeds route started in the mid-2020s and is expected to be completed by 2032.
This research intends to evaluate the possible impact of the HS2 project on supply chains by analysing air-rail-road freight transportation and logistics and numerically considering different aspects of changes. In this case, the HS2 project’s advantages and disadvantages would be fully demonstrated and discussed. In this paper, four different stages of rail freight will be discussed: Business, as usual, Carbon Reduction, Carbon Survival and Manufacturing that indicate different aspects in environment and capacity improvements. According to High Speed 2. (2021), H2S is considered the new high-speed railway linking up Scotland, the North, Midlands and London while serving more than 25 stations. In addition to this, it also includes its operations in the eight largest cities of Britain while ensuring the connection of 30 million people. This construction of a new railway has been divided into three phases. The first phase link West Midlands and London, and the second phase are also divided into sub-phases in which phase 2a link the North and West Midlands through Crewe. In contrast to this, phase 2b completes the railway to Leeds and Manchester. With the construction of a new railway line, the project takes the fast trains off the present railway and place them over their dedicated tracks. It helps o better connect the major cities and towns in the country. In addition to this, it also allows local and slower trains to bunch up over the existing lines while providing ample space across the country for various freight trains and commuter services (Kaewunruen et al., 2016; Office of Rail and Road, 2019).
Sensitivity analysis is the method used to predict the outcome of a decision in case of a different situation compared to key predictions. It has also been argued in the study of Shariat et al. (2018) that sensitivity analysis helps predict the outcome of decisions in case of different situations compared to key prediction. In this manner, the riskiness of the strategy is determined with the help of sensitivity analysis. Moreover, it also determines how the dependent has been the output over a particular input value. This study has been carried out to conduct a sensitivity analysis of a high-speed rail development on supply chain and logistics via air-rail-road freight transportation. In this manner, the results of this study are beneficial for the risk assessment of the H2S railway project. Furthermore, the study over the sensitivity analysis of high-speed rail development on supply chain and logistics via air-rail-road freight transportation has not been carried out before, making the results of this study unique while providing a significant contribution towards existing literature.
The layout of this paper is as follows: it begins with the review of previous literature in Literature Review section, including definitions and roles of parties, an overview of papers related to supply chain analysis, industry trends and a summary of forecasts and reports. Methodology Section outlines the data selected principles and data analysis methods, including performance measurement and environmental effect analysis. Further, Results and Discussion section discusses the findings that are derived and evaluated for each relevant result. The conclusions of the research are presented in Conclusion section.
LITERATURE REVIEW
Roles and Definitions
The figure above shows the detailed map of the company’s supply chain process in a detailed manner. The above figure shows that the direct supply chain involves three stages in which the flow of goods and services initiates from suppliers and ends at customers. However, the ultimate supply chain initiates with the ultimate supplier and ends at the ultimate customer. On the other hand, the extended supply chain initiates with the supplier’s supplier and ends at the customer’s customer.
There are various definitions for logistics and supply chains. Mentzer et al., 2001 finds that ‘supply chain management (SCM) is rarely used in its full term. Instead, followed by Christopher (2005), the short term ‘supply chain’ is often used to describe ‘the management of upstream and downstream relationships with suppliers and customers to deliver superior customer value at less cost to the supply chain as a whole. Although SCM and logistics overlap, Mentzer et al., 2001 claims that SCM deals with manufacturing and marketing to improve corporate competitive advantages, whereas logistics deals with transportation and warehousing. Supply chain management is considered the management of the flow of services and goods, including all the processes that transform the raw materials into finished goods. In addition to this, it includes the active streamlining of different supply-side activities of the business to maximise customer value while gaining a competitive advantage in the industry. A supply chain comprises three units represented by upstream distribution, downstream distribution, and the final customer. Different types of supply chain complexity are illustrated in Figure 1. Moreover, there is significant connectivity between supply chain management and logistics management practices, as it is based on the implementation and control of the effectiveness and efficiency of the flow and storage of goods, services and information between the points of origin and point of consumption to meet the requirements of the consumers (Yang and Zhang, 2018). Therefore, logistics management is all about fulfilling the requirements of the consumers and higher their satisfaction level.
[image: Figure 1]FIGURE 1 | Types of supply chain complexity [9].
Several research studies have considered the role of transportation in logistics systems. It has been shown that they are related in many fields. Tseng et al. (2005) note the following: 1) profound interdependencies between transportation and logistics systems. On the one hand, transportation is an integral process of logistics. On the other hand, a logistics system could positively affect traffic and reduce environmental impact; 2) transportation has the highest contribution to logistics system costs; therefore, how to increase its monetary and nonmonetary performance should be considered. The dependence of successful logistics strategies on transportation proposes the consideration of related business models. The function of transportation provides essential service in linking the companies to its customers and suppliers with the help of moving goods from locations in which they are sources to the locations in which they are demanded. In this manner, transportation is considered an essential activity in the logistics function while supporting the economic utilities of time and place. As per the study conducted by Mantoro (2021), transportation mode refers to several ways people or goods are transported from one place to another through sea, land or air. In addition to this, the transportation modes are also through space, cable and pipelines. Concerning the transportation of people, there are several modes which include by air, sea, land. Specifically, land includes different transportation means in which cars, trains, motorcycles, and other motor vehicles are included.
Supply Chain Analysis
Although performance measurement has been considered for supply chain analysis (Mishra et al., 2017: Hosseini, Ivanov and Dolgui, 2019), limited attention has been given to measuring supply chain for designing or evaluating the whole system. Adapted from Beamon (1998), the performance measures will be the basis for this research. In addition, the importance of different aspects of performance measurements needs to be considered, categorised and enabled to set the targets for further detailed studies. As the first framework for evaluating supply chain performance, Supply Chain Operations Reference Model (SCOR) model is proposed by Stewart (1995) to demonstrate supply chain development. By examining the revenues and costs of the supply chain system, high performers among supply chains could be identified. Similarly, Wilting and van Oorschot (2017) indicated that the allocation of functional areas led to the emergence of the concepts of supply logistics (procurement logistics), production logistics, distribution logistics and books with corresponding titles in the domestic literature. In foreign logistics management, the term “input logistics” refers to logistics functions in procurement. The term “output logistics”, focused on integrating logistics functions and operations in distribution, is often encountered. But it should be emphasised that there is no single approach to identifying the functional areas of logistics among scientists and specialists. Some domestic researchers narrow these areas to individual functions, and therefore, on the shelves of bookstores, one can often find books with the titles: "Customs Logistics”, “Insurance Logistics”, “Transport Logistics”, “Warehouse Logistics”, “Information Logistics” etc., (Raoufi et al., 2017) The point, of course, is not the title, but they sometimes lack a constructive idea, and the very word “logistics” is added to the title of books, often for opportunistic reasons. Consider the key logistics function - “transportation”.
Regarding the importance of quantitative and qualitative evaluation, three elements of the performance measurement system are identified for this paper: resource, output, and flexibility. In addition, as presented by Neely et al. (1995), cost, time, quality, and flexibility might also contribute to supply chain evaluations. Previous research has also tended to apply performance measurement to gauge the degree to which organisations successfully collaborate with their business partners in a supply chain (Lambert and Pohlen, 2001). The importance of discovering the elements of the performance measurement system is to match the priorities highlighted by different parties and achieve different levels of operational performance.
The supply chain relationship is critical with completing the entire project and the risks involved in the project. Supply chain management is directly associated with the capacity, performance, and environmental changes that might follow the implementation of this project. Therefore, this paper provides the sensitivity analysis of supply chains via air-rail-road freight transportation and logistics stemming from the High Speed 2 case by the rigorous assessments into the capacity, performance and environmental changes that may follow the project’s implementation. It has also been discussed in the study of Larsson and Larsson (2020) that supply chain management significantly contributed towards the completion of the entire project.
Gunasekaran et al. (2001) implemented empirical analysis to assess strategic planning, order planning, supplier, production, and delivery. On top of that, performance metrics will be defined according to the level of their importance. Specifically, Gunasekaran et al. (2001) obtains quantitative data from received questionnaires in 21 companies out of the 150. Moreover, transport enterprises operate in a market economy: a market for transport services has been formed, competition between enterprises and various modes of transport has intensified, and the requirements for tariffs and quality of transport services on consumers have become stricter (Dolgui et al., 2018). The modern transportation mission in the logistics service system can be briefly formulated as: “to deliver the right product of the required quality and quantity at a given time with optimal costs.” In the structure of logistics costs, transportation costs account for a significant share of 20–40% or more (Suryanto et al., 2018). Therefore, optimisation of solutions in transportation will allow logistics management to obtain significant cost savings but will also require special attention. Transport plays a special role in the formation and development of logistics. Domestic transport and forwarding companies involved in the international transportation of goods were the first to see the need to introduce modern logistics technologies for transportation and cargo handling (Tarne et al., 2018). Large United States state and private transport and forwarding companies actively created their terminal networks, freight distribution and logistics centres, information and computer support systems for logistics services.
As various performance metrics exist, and all of them have different importance, a systematic approach has been implemented for supply chain evaluation. Gunasekaran et al. (2001) developed the performance measurement framework, representing the financial and non-financial metrics allocated in strategic, tactical and operational levels, which encourages appropriate decision-making in supply chain analysis. Although Gunasekaran et al. (2001) study provides the foundations for supply chain analysis for the HS2 case, not all the metrics are related to freight transportation that requires further research.
Freight Transportation Industry Trends
HS2 is a long-term project that will be constructed over more than a decade. Therefore, it is essential to consider trends in freight transportation and global development. As transport systems are used for passenger and freight movements, it is important to understand their interdependencies. Speranza (2018) has identified and considered systematic, collaborative, and dynamic directions from the following main trends in supply chain management:
• Systemic focus: optimisation of the entire supply chain network, customer value co-creation.
• Information synthesis: information is holistically shared.
• Collaborative relationships: joint accountability and rewards, total system value creation.
• Demand shaping: proactively influencing demand, total system value creation.
• Transformational agility: constantly changing conditions.
• Flexible network integration: dynamic selection of partners upstream and downstream.
• Global optimisation.
It is identified that costs and environmental conditions are driven by sustainable, political, and emerging business opportunities that could cause rapid alterations in logistics and transportation.
Freight transport moving through cities is continuously growing and should be controlled. Crainic et al. (2004) design goals for logistics, which could improve the quality of life in cities, including reductions in pollution, noise, congestion, and growth of mobility without hurting business. The research discusses the significance of intermodal freight transportation, logistics’ facilities allocation and distinguishes the possible efficiency of satellite platforms. In addition, Tseng et al. (2005) discusses the provisional future of logistics with logistics centres’ development and assume the growth of single trip loads and collaboration in delivery between small and medium-sized companies.
In each country, shipping goods is considered a significant part of the economy. As per the report presented by Statista, the contribution of truck transportation has contributed about $150 billion to the GDP of the United State in the year 2016 (Stfalcon.com, 2021). Exclusively, FedEx, which is the leading freight transportation company, has generated over $60 million of the revenue in 2016. On the other hand, the intelligent transport system emphasises achieving traffic efficiency by reducing traffic problems. In addition to this, it also emphasises reducing commuters’ time while enhancing their comfort and safety. This relates to the HS2 project as the project focuses on providing high-speed transportation service to the public while reducing the time and traffic load. Furthermore, modern ideas about the transportation of goods began to change significantly with the development of market relations, from transport as an industry, equated to industrial sectors, to the service sector—transport service. Therefore, consumers of transport services choose such types of transport and transportation methods that provide the best quality of logistics services (Ahmed et al., 2018). Sadatsafavi et al. (2017) stated that transport service in modern conditions includes the transportation of goods from the supplier to the consumer and many forwarding, information operations, cargo handling services, insurance, security, etc., Therefore, transportation can be defined as a key logistics function associated with the movement of products by a vehicle (or means) using certain technology in the supply chain and consisting of logistics operations and functions, including forwarding, cargo handling, packaging, transfer of ownership of goods, insurance of risks, customs procedures, etc.
Based on various studies, information technology (IT) has been discussed as a significant influencer of logistics and freight transportation. Effective information exchange is important for performance metrics related to customer service and scheduling (Bhagwat and Sharma, 2007). IT solutions are widely used in city logistics and help transport costs and emission reduction (Tseng et al., 2005). The growth of demands and related problems have promoted the development of intelligent transportation systems (ITS). Specifically, the term ITS is ‘generally used in many industries, infrastructure, and services, as well as the planning, operation, and control methods to transport persons and freight’ (Grainic et al., 2009). In the research of Crainic et al. (2004), possible freight ITS’ accomplishments are discussed, and three directions for development related to vehicles and infrastructure, hardware and software, models and algorithms are examined. Moreover, Torre-Bastida et al. (2018) indicated that the incorporation of Information technology in freight logistics is also improving the flow of information and help in developing a smooth communication channel between the suppliers and companies. Therefore, it has become easier for companies to improve their overall infrastructure with strong communication channels, leading to better economic development. Most developed where there is a dense network of airlines. The most significant fleet of ships is in the United States, Canada, France, Germany, Australia. The cargo turnover scheme unites over 1,000 airports around the world. Singh et al. (2021) research also indicated that the share of air transportation accounts for a very small part of the cargo worldwide, no more than 1–2%. This is due to the high cost of shipping and a large number of restrictions. Air transport is used mainly for the transportation of perishable and unique goods. After all, its indisputable advantage is speed. Aircraft is the only way to move cargo quickly over long distances.
Sustainability has become one of the most important issues for citizens and governments. Several research studies consider drivers for sustainable supply chain management and outline how the situation could change in the future. Cucchiella et al. (2012) define key enablers for the United Kingdom’s private sector as: ‘customer requirements, reputational risk, organisational factors including strategic, people and functional issues, and stakeholder involvement; whereas possible obstacles cost reduction, other corporate preferences, lack of long-term planning and customers’ impact. In addition, Diabat and Govindan (2011) discover drivers for green supply management and establish a hierarchy running from 1 (the top) to 5 (the bottom), as shown in Table 1.
TABLE 1 | Hierarchy of the drivers affecting the implementation of green SCM (Diabat and Govindan, 2011).
[image: Table 1]The data obtained by Cucchiella is related to several large companies, therefore, small and medium-sized organisations were not analysed. Diabat and Govindan’s study was based on an investigation of Indian manufacturing companies, thus, allocation levels could differ for other countries or industries. These research studies have helped understand the importance of sustainable supply chain management in current and future environments.
METHODOLOGY
Research Design
Supply chain analysis, which comprises capacity evaluation, performance measurement and estimation of carbon emissions, is implemented to evaluate the possible impact of HS2 construction on existing air-rail-road freight transportation and logistics. Data for previous years is obtained from the government’s statistical reports, whereas projected data is derived from forecasts published on departmental government websites. Evaluation of the freight transportation system is conducted to identify the existing capacity of the previously mentioned modes of transport. Then the balance between passenger and freight usage of railways is identified, and the potential traffic for the case when the railway is used only for freight transportation is calculated. The data from the forecasts are used to predict demand and shares of domestic cargo transport by mode in 2033, when HS2 will be completed.
The criteria for selecting data have been the websites and reports that present transport data of the United Kingdom since the project has been initiated in the United Kingdom and will be operational in the cities. Therefore, the data considered in this study would be relevant for the analysis of risks assessment of H2S projects in the United Kingdom A business as usual is considered as the scenario for future patterns of activity which undertakes that there will not be a significant change in the priorities and attitudes of people or no massive change in the policies, economics and technology, and for this purpose, the normal circumstances can be anticipated to remain unchanged. On the other hand, the carbon reduction strategy describes particular steps that businesses can take to implement practical, sound and climate-related corporate policies. With the help of these strategies, the companies can ensure the carbon survival and manufacturing of goods based on sustainable practices.
A framework for measuring the performance of a supply chain, providing financial and non-financial performance metrics, is applied to the project (Gunasekaran et al., 2001). Performance metrics are analysed by basis and level of importance (Beamon, 1998). As this approach could be utilised for the whole supply chain, including delivery and storage aspects and production and planning, some metrics are not relevant to the project. The environmental effect of possible alterations in freight transport mode usage is evaluated by comparing carbon emissions before and after HS2 will be delivered. The environmental effect of possible alterations in freight transport mode usage is evaluated by comparing carbon emissions before and after HS2 will be delivered. The method used in this research could be applied to evaluate the impact of a new transport project construction.
Forecasts and Reports
As the final phase of HS2 is expected to be constructed in 2033, available reports estimating possible air-rail-road freight transport sector development have been considered. ‘Foresight’ is the program driven by the Government Office for Science, which provides strong data for policymakers to support and define strategies for the future (Government Office For science, 2013). Two reports developed under this program have been used for this research: ‘Understanding the United Kingdom Freight Transport System’ developed by MDS Transmodal and ‘The Future of Mobility (Government Office For science, 2019a). One more MDS Transmodal report about future freight demand has been used in the study (National Infrastructure Commission, 2019). ‘Implications for the Air Freight Sector of Different Airport Capacity Options’, a report created for the Freight Transport Association and Transport for London, was also examined (York Aviation, 2015). The previously mentioned forecasts and reports for the Department for Transport (DfT) have been utilised; however, it has been considered that the data obtained may comprise some level of inaccuracy.
Capacity Evaluation
The latest data for rail market shares available for 2017 presented by the Office of Rail and Road allowed information to be obtained about how much freight was lifted and moved by rail and road in heavy goods vehicles (HGV) (Office of Rail and Road, 2018). In this study, airfreight transportation statistics are derived from several report tables. The ‘goods lifted’ (million tonnes) figure is taken as the total amount, including domestic and international movements (Department for Transport, 2018a). ‘Cargo tonne-kilometres flew’ (freight and mail) for domestic movements is used for carbon emissions’ calculations because this figure is more related to the case than the total number for domestic and international flights (Department for Transport, 2018b).
The possible capacity for railway freight transportation usage is obtained by multiplying the data of freight lifted and moved and the coefficient of growth. Here the potential capacity of the existing railway is derived as a sum of passengers (130 million) and freight (34 million) rail vehicle kilometres statistics’ data available for each purpose (Department of Transport, 2018c) Then the coefficient of growth is identified by a division the sum, that was obtained previously by the current rail freight capacity. There are various limitations related to potential capacity evaluation due to the complexity of logistical systems, market tendencies and unclear interdependencies between modes of freight transportation; hence, this approach is not exhaustive, and other statistical data could be utilised for the analysis.
Several strategies for forecasting rail and road freight demand are ‘Business as Usual, ‘Carbon Reduction’, ‘Carbon Survival’ and ‘Manufacturing Renaissance’ for 2050. The two strategies with the highest demand in the road and rail freight transport are Business as Usual and Manufacturing Renaissance. Carbon Reduction and Carbon Survival scenarios focus on emissions’ mitigation, but the main difference is that the second one excludes HGV electrification. Forecasted data also are calculated for the HS2 case, where part of road freight movement capacity has shifted to the railway to reach its maximum load, as determined previously. The estimated freight lifted by air transport in 2033 is 3.4 million tonnes, calculated from current (2.64 million tonnes) data and forecasted (4.2 million tonnes) data for 2050. Freight moved by air transport (billion net tonne-kilometres) is determined by proportion to the growth of the freight lifted.
Performance Measurement
Performance measurement is implemented based on several works presented below. The framework developed by Gunasekaran proposed a list of financial and non-financial performance metrics divided into three levels: strategic, tactical and operational. On each metric, the basis of the evaluation is allocated: cost, flexibility, customer responsiveness, cost and customer responsiveness, cost and activity time (Beamon, 1998). In addition, the levels of importance are defined for the performance metrics according to the ratings presented by Gunasekaran. Not all of the metrics provided by Gunasekaran fully matched the performance measures in supply chain modelling provided by them in the later study; therefore, the importance of those metrics is allocated by a degree of propriety (Gunasekaran et al., 2004). The probable consequences of HS2’s construction are estimated in terms of key stakeholders and their expectations, presented in Table 2. Risks for each group of stakeholders are determined in the case of possible failure of their expectations.
TABLE 2 | Freight transport stakeholders and expectations (Government Office for Science, 2019b).
[image: Table 2]Cost-based performance metrics are evaluated by comparing the current and forecasted data for 2033, calculated for different strategies proportionally from the 2050 forecast (National Infrastructure Commission, 2019). There is no statistically proven and projected data for domestic air cargo costs in the United Kingdom. In addition, a comparison of the value of goods moved by transport mode is implemented.
As there is no scheduling for road freight delivery and air cargo movements can be scheduled, and non-scheduled, estimation of time-based metrics are implemented by analysing available statistic data for the reliability of deliveries for road and rail transport modes. Flexibility and customer experience assessments are implemented by estimating possible changes in technologies, information exchange, and the development of new transport hubs, which accompany the HS2 construction (Department for Transport, 2017).
Environmental Effect
The report’ Carbon dioxide emissions by transport mode’ presented by the DFT provides figures ‘by source’, ‘by end user’ and ‘by industry’. The most suitable data associated with freight haulages are in the ‘by source’ section, representing direct emissions from transport. In addition, rail freight transport is mostly moved by diesel engines and the share moved by electric insignificant. Therefore emissions are taken ‘by source’. The data from road freight transport is calculated as a sum of the emissions from HGVs and light goods vehicles (LGV). Values for 2016 are used because changes in transport emissions for 2016–2017 were about 0%, and there are no available statistical reports for 2017 (BEIS Annual Report and Accounts 2016 to 2017, 2017). To calculate emissions values for strategies considered in the capacity evaluation paragraph, current figures for each mode (million tonnes of carbon dioxide) are divided by current freight figures moved (billion net tonne-kilometres) and multiplied by forecasted values for freight moved. The values for the emissions per 1,000 net tonne-kilometres are calculated by the division of the emissions of a million tonnes of carbon dioxide by the freight moved (billion net tonne-kilometres), and then the result is multiplied by 1,000.
RESULTS AND DISCUSSION
Capacity Evaluation
The comparison of freight and passenger rail usage in rail vehicle kilometres shows that the existing system could be used for 4.85 times greater levels of freight haulage than it currently is. Analysis of capacity shows that after the HS2 construction, from 14 to 16% of freight could be moved by rail, whereas it may remain at 5% of the overall amount without this project. This has also been supported in the study of Gharehbaghi et al. (2020) that the construction of high-speed rails allows efficient freight forwarding. The biggest part of freight is moved by road transport, while airfreight is accountable for the smallest market share, less than 1%. Table 3 shows freight lifted and moved by transport mode for current and forecasted situations. Shares of the market for rail and road modes of freight transport for different strategies are displayed in Figure 2 and for different strategies for the HS2 case in Figure 3.
TABLE 3 | Freight lifted and moved by transport mode.
[image: Table 3][image: Figure 2]FIGURE 2 | Freight lifted by transport mode.
[image: Figure 3]FIGURE 3 | Freight lifted by transport mode HS2 case.
Capacity evaluation enabled the identification of the ‘Business as Usual’ strategy as having the biggest load for freight transportation with the smallest share of rail freight; while ‘Manufacturing Renaissance’ conversely holds the lowest level of load with the biggest share of rail haulage capacity, which could be caused by a focus on global trade and advanced technological production output. The total difference between these strategies is around 10%, while for the two other carbon strategies, it is about 7% compared to ‘Business as Usual.
The HS2 case is considered based on the calculated value for the existing rail system’s possible utilisation. Statistics for freight lifted and moved in the case of the maximum railway load reveals the situation with the current demand for 2017. There are some features, such as a percentage of freight carload and empty running, which could change over time; therefore, the level of maximum rail freight capacity would be higher if trains were loaded fully. This has also been supported in the study of Li and Zhang (2020) that the capacity of rail freight could be maximised if the trains are fully loaded.
Statistics and forecasts available for freight transportation mostly show rail and road transport are the most competitive; while airfreight is usually analysed separately, and seems insignificant, and was considered as supportive to the others, which may be caused by different features, strengths and weaknesses of air and land logistics. In the study of Tamannaei et al. (2021), it has also been argued that rail and road transportation are both considered most competitive for freight transportation. Capacity evaluation could be implemented by other reports or forecast analysis. Various statistics’ data comparisons could derive the balance between passenger and freight rail usage for the existing system. LGV as a part of road transport could be analysed and freight transportation executed by different means, such as waterborne or pipelines.
Performance Measurement
Shifting freight from road to rail may positively affect the haulage industry and reduce congestion on the roads. This argument is also supported in the study of Pittman et al. (2020) that freight through rails can reduce the congestions on the roads. The share of railway freight is noticeably smaller than that of road transport; therefore, there is a probability that changes could be insignificant. The performance of rail freight transportation has a large potential to solve related to overall effectiveness, empty running and loads of railway carriages which could be improved by applying IT, new technologies and modern management techniques. Also, the study of Blagojević et al. (2020) argued that rail freight transportation could enhance the overall effectiveness of the transport industry. A framework for measuring the performance of a supply chain is presented in Supplementary Appendix S1.
Cost analysis for rail and road freight transportation, as displayed in Figure 4, shows that the maximum price for road transport is for the ‘Business as Usual’ and ‘Carbon Survival’ strategies, which the overall consumption of goods could cause, there is no ban on diesel and tax increases. The minimum cost for rail freight haulage is under the ‘Carbon Survival’ strategy, probably because of a shift to electric engines, technological development and tendencies in the market (Ehrenberger et al., 2021). The minimum cost for rail freight haulage is under the ‘Carbon Survival’ strategy, probably because of a shift to electric engines, technological development and tendencies in the market. There is no price information for air freight for the same strategies, but usually, this mode of transport costs are larger by four to five times (The World Bank, 2009). Airfreight logistics have speed, flexibility, convenience, regularity as advantages and high costs as a disadvantage (Tseng et al., 2005), while land logistics are much cheaper and have significantly different features.
[image: Figure 4]FIGURE 4 | Cost assumptions to the GB Freight Model.
Approximately 94% of freight trains arrived on time, whereas around 13–14% of road deliveries failed, revealing that rail freight transport is more reliable and has no dependence on road congestion. Therefore, all the time-related metrics evaluated for the HS2 case are favourable.
The HS2 construction will accompany transport hubs and stimulate new logistics centres that could directly affect companies’ planning (Department for Transport, 2017). Reliable transport and warehouse accessibility allow increasing inventory turnover revealed by Tseng, which contributes to profitability, and hence flexibility, so responsiveness metrics are seen to be enhanced (Kamalahmadi et al., 2021).
It is possible that changes associated with customers would not be significant and may depend on information exchange about their deliveries. Modern technologies enable this to be carried out relatively high but could be improved with overall industry development. The risk identification presented in Table 4 is based on stakeholders’ expectations of failure. The proposed level of demand and load shows that the share of rail freight would be noticeably smaller; consequently, freight haulage as an industry could receive less significant benefits than passenger transportation.
TABLE 4 | Risk identification.
[image: Table 4]Performance framework analysis provides an evaluation of HS2 construction in terms of metrics and basis. However, this approach could be improved by a deeper investigation of each element, and the possible impact could be expressed numerically (Elshaikh et al., 2018). In addition, the performance measurement of large United Kingdom companies working in the air/rail/road freight transportation industry, which is based on this technique, could be implemented to identify the possible impact of HS2.
Environmental Effect
Environmental effect analysis implemented in terms of carbon emissions shows that values for the HS2 case would be smaller than if there was no shift of freight from road to rail in all the strategies considered (as shown in Table 5). However, once actual results are received in the future, the impacts could be even less, as calculations in the research are executed based on current vehicle emissions, and the technological effects of new engines working on alternative energy sources were not considered. Total carbon emissions for air-rail-road freight transport are shown in Figure 5.
TABLE 5 | Different emissions for stages.
[image: Table 5][image: Figure 5]FIGURE 5 | Possible total reduction of carbon dioxide emissions.
Total carbon emissions for the ‘Business as Usual’ strategy are the largest, whereas the lowest is for ‘Manufacturing Renaissance’, which has insignificant distinctions with two carbon strategies. Forecasted data for the different strategies are shown in Figure 6, and for the HS2 case are shown in Figure 7. This distribution of shares may be due to economic and social trends, which are included in the characteristics of the strategies under consideration. Calculations of emissions show that road freight transportation produces 265 tonnes of carbon dioxide per 1,000 net tonne-kilometres, which is 2.3 times greater than rail transport. In addition, it is known that each tonne of freight moved by rail reduces carbon emissions by 76% in comparison with road transport, and a freight train may shift 43–76 HGVs from the roads (Department for Transport, 2016). Calculated emissions for airfreight transport are 71,429 tonnes per 1,000 net tonne-kilometres. Such a distinction could be caused by the small size of the freight and the high emissions from aircraft engines. This data once again confirms that air transport is significantly different from land transport, and with large ‘emissions per unit of goods moved’, it contributes the largest share of carbon emissions.
[image: Figure 6]FIGURE 6 | Emissions of carbon dioxide.
[image: Figure 7]FIGURE 7 | Emissions of carbon dioxide HS2 for different situations.
It is carbon dioxide and other types of emissions discharged by transport; therefore, future research could be improved by other available data analysis. Also, the potential effect of alternative energy sources, electric engines, and new technologies could be considered and the environmental impact for those cases analysed.
The data used in Supplementary Appendix S1 can be helpful in terms of determining the performance metrics concerning the level, i.e. strategic, tactical and operational. The financial and non-financial metrics provided against the performance metrics will help the project determine the importance and type. In this manner, the determination of risk mitigation strategies would be more effective as the company would already know the intensity of each performance metric.
CONCLUSION
This study is the world's first to investigate air-rail-road freight transportation and logistics to determine the possible effect of the HS2 project supply chains. The overall results indicate favourable but slight changes with a high potential for improvement. In particular, the capacity evaluation points out the growth of rail freight transportation from 5% to 14–16%, which could contribute to a decrease in road congestion, whereas the environmental effect, evaluated in carbon emissions, reveals a 17–19% reduction. Apart from the capacity evaluation and the environmental effect, economic factors should not be ignored. Airfreight represents the most expensive loop for freight transportation. Information is derived by comparison of the data from government reports and industry forecasts. To identify methods for supply chain analysis, relevant studies are considered, and a framework for performance measurement is chosen as the appropriate investigation approach. Alterations in performance do not seem directly linked to the HS2 railway construction and are associated with infrastructure and technological development. The research demonstrates that air cargo transportation does not appear to be noticeably affected by land freight haulages. HS2 has been presented to society as a project that could bring many benefits, but the research outcomes indicate that some of the advantages are questionable and may not justify those high expenditures. In terms of environmental impacts analysis, it has been analysed that HS2 shows smaller in case of no shift of freight from road to rail in all strategies. Moreover, there are also various types of emissions discharged by transportation. Therefore, there is a significant gap in identifying other variables that impact this emission. The impacts of alternative energy sources, such as electric engines, implementation of new technologies, and changes in the requirements should also be considered in conducting an in-depth analysis. There is a limitation to the research presented herein that only three modes of freight transport are considered. Therefore, it is suggested for future researchers to consider other transportation sources that would help them provide more significant findings concerning freight transportation.
Despite all the results presented, a possible effect of the HS2 construction could be evaluated by the utilisation of various approaches and additional data analysis. There are various modes of transport, such as LGV and waterborne, which occupy a share of freight haulage and could be considered. A survey of players from key industries in the United Kingdom could be executed to identify their vision of issues and uncertainties related to HS2. It is important to consider the possible effects of new technologies and the development of alternative energy sources. The method used in this research could be applied to evaluate the impact of a new transport project construction. Results and data from this study could also be utilised in future research on HS2. In addition to this, the construction of HS2 will also accompany the development of a transport hub and stimulate new logistics centres that can directly or indirectly impact the planning phase of the companies. However, the development of a reliable and effective transportation system and warehouse units can allow the increase in inventory turnover, which can positively contribute to the profitability and flexibility of the organisation. However, in terms of performance measurement, the research has examined that freight shifting from road to rail may positively impact the haulage industry and reduce congestion on the roads. There is a significant gap that has been investigated between the share of railway freight and road transportation. Therefore, the performance of rail freight transportation has a significant potential to solve overall effectiveness, empty running and load on railway carriages, however, to resolve such complexities and challenges, there is a need for significant information technology development and implement modern management techniques.
In terms of analysing the reasons for the construction of HS2 is to shift freight haulage from road transportation to rail transportation. In this way, the research study of Gunasekaran et al. (2001) has provided in-depth information related to supply chain analysis and relate it with performance management. In a similar manner, the research study of Chan (2003) also indicated that the analysis of supply chain has a significant connection with performance management and it improves the interaction of various parties because of significant supply chain analysis. While on the other hand, Yeo and Ren (2009) indicated that in terms of supply chain analysis, it is necessary to investigate the risks. However, in terms of performance measurement, Gunasekaran provided a list of non-financial and financial metrics. While Beamon (1998) also demonstrated that the metric for performance measurement evaluates the performance based on cost, flexibility, customers’ responsiveness and cost and activity time. Furthermore, Elshaikh, Jiao & Yang (2018) indicated that performance framework analysis provides an evaluation of HS2 construction in terms of metrics and basis. However, this approach could be improved by a deeper investigation of each element, and the possible impact could be expressed numerically. It also has been analysed that the sensitivity analysis provides useful insight in terms of predicting outcomes of the decision. However, in terms of talking about sustainability, it has become a critical issue for companies and even for the government. The research study of Cucchiella et al. (2012) highlighted key drivers for private sectors in the United Kingdom, such as customers’ requirements, reputational risks, organisational factors, functional issues and involvement of the stakeholders. In similar manners, Diabat and Govindan (2011) also indicated the significance of green supply chain management in terms of ensuring the implementation of effective strategies for sustainability. However, both the research studies have focused on different contexts. Therefore, these research studies have lack empirical evidence to investigate the actual importance of sustainability management. However, it also has been analysed that environmental carbon emission assessment demonstrates that values for the case HS2 would be less than if all the solutions studied do not include transfers of freight from road to train. But if real results are obtained in future, the impact might be even lower because study calculations are carried out based on current emissions from vehicles and no account was taken of the technological impact of new engines that function on alternative energy sources. The Capacity Evaluation enabled the “business as usual” strategy to be identified as carrying the biggest freight transport load with the smallest rail freight share; while the ‘renaissance manufacturing’ holds the lower freight level, with the largest rail freight capacity, due to the focus on international trading and advanced production technology.
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