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[bookmark: _Toc66703162]Abstract
An urban consolidation centre (UCC) is a pivotal facility initiated to reduce the negative impact generated by urban logistics activities. The UCC is an intermediate facility that connects intercity transportation with their clients (e.g. stores, offices, restaurants, etc.). The function of UCCs is to trans-ship goods directed to urban areas, aiming to consolidate deliveries, and thus provide greater efficiency (and effectiveness) in the distribution process by increasing the truckload factor and replacing heavy trucks with smaller vehicles that are more suitable for urban deliveries, which helps to mitigate urban congestion and air pollution. Despite the potential benefits of UCCs, these projects often fail to be self-sustaining, with many relying on subsidies from local authorities. This factor is the main obstacle that prohibits the long-term sustainability of this project. Through the literature review, this thesis identifies the reasons for such an issue - that UCCs cannot balance the interests of different stakeholders. Specifically, although UCCs can alleviate the environmental and social problems generated in urban logistics, the commercial interests of private stakeholders (e.g., logistics service providers, goods receivers) may be harmed by this project. As a result, UCCs will fall into deficit due a to lack of private stakeholders subscribing to this project. In response to the above issue, this thesis aims to improve the quality of stakeholders engagement during UCC planning, which enables the concerns and objectives of different stakeholders to be well considered. Based on this, the UCC can be designed reasonably to satisfy the requirements of various stakeholders, thus attracting private stakeholders to join the project. 
This thesis comprises four sections. In the first section, a formula-based cost structure is designed to enable planners to estimate the financial performance of UCCs in the project formulating phrase. The second section is based on four different UCC models in Sweden and China. This section reveals the result of stakeholders engagement in terms of the stakeholders' objectives, users’ needs, value propositions of UCCs’ services, and the stakeholders' partnerships in these UCCs. It provides an insight into how to design UCCs so that they can generate benefits for different stakeholders. In the third section, also based on the above four UCCs, a mix-method approach is implemented to evaluate the divergence of conflicts between different stakeholders and identify the reasons for these conflicts. The fourth section aims to use the cost allocation method to mitigate the financial burden of UCCs that are caused by insufficient users. Three kinds of cost allocation rules are proposed, the results illustrate that UCCs can benefit from the designed cost allocation mechanism through incentivising stakeholders’ participation in UCC projects. The last section introduces a decision-making tool, which could display the cost details of different UCC scenarios, thus promoting the strategic design of a UCC
This thesis contributes to both theoretical and practical aspects. For the theoretical contribution, through the comparison of four successful UCCs, presented evidence is coherent with the view that a sound UCC project can benefit all the stakeholders based on the stakeholders’ engagement. Furthermore, the findings can contribute to a better understanding of the exposing and addressing of the disagreements between stakeholders’ preferences during stakeholders’ engagement. Lastly, it is evidently clear from the findings that the cost allocation method successfully alleviates the financial burdens of UCCs by fairly and efficiently sharing the cost to upstream and downstream stakeholders. For the practical contribution, the implemented methods and formulated models can be applied as an instruction to promote stakeholders’ engagement during the UCC planning. Furthermore, the decision-making tools enable decision-makers to address the issues about cost control of UCCs as early as the project preliminary stage. All these factors can increase the success rate of a UCC project.
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This chapter provides some background information on the topic of urban logistics and the historical evolution of this field of study. It also explains the link between urban logistics and the need for sustainable urban development (SUD). An outline of the whole document is included here to clarify the primary research objectives.
[bookmark: _Toc34734479][bookmark: _Toc46053397][bookmark: _Toc46093311][bookmark: _Toc46093594][bookmark: _Toc66703169]General definition of ‘urban logistics’ (UL)
Ogden (1992) defines urban logistics (UL) as ‘the set of systems and processes by which goods are collected, transported, and distributed within urban environments’.  UL includes freight exchange between the inside and the outside of the city and the carrying of waste materials out of the city. Anand et al. (2014) identify five primary stakeholder types in an urban logistical network (ULN), these being consumers, shippers, carriers, producers/shopkeepers, and administrators. Table 1‑1 lists the characteristics of each of these stakeholders.
	Stakeholders
	Description

	Consumer
	Consumers’ purchase behaviour generates logistical activities.

	Shipper
	Shipper provides services for the entire logistics network. The upstream organisation of the carrier administers the operation of the carrier.

	Carrier
	The carrier implements the logistics work.

	Shopkeeper/producer
	The shopkeeper provides the goods for the consumer.

	Administrator
	The administrator monitors and provides the facilities for the logistical network.


[bookmark: _Ref46829884][bookmark: _Toc491870101][bookmark: _Toc34674922][bookmark: _Toc40794152][bookmark: _Toc46053526][bookmark: _Toc46093775][bookmark: _Toc66698743]Table 1‑1: Stakeholders in urban logistics (UL)
The logistical process can be divided into three stages of goods movement (Table 1‑2): first-mile pickup, line-haul transport, and last-mile distribution (van Heeswijk et al., 2016). From a geographical point of view, UL is primarily concerned with last-mile distribution as the destination of freight is often in an urban area (Moroz and Polkowski, 2016). In reverse logistics activities (for instance, waste flows), first-mile pick up is the primary activity in the urban environment. 


	Freight transportation process
	Description
	Stakeholders involved

	First-mile pickup
	The carriers collect the freight from the last suppliers.
	Shopkeeper/producers, carriers

	Line-haul transport
	The freight is transported, transited, and distributed on its way to the last connecting hub.
	Shippers, carriers

	Last-mile distribution
	The freight from the last connecting hub is delivered to the consumers.
	Carriers, consumers, administrators


[bookmark: _Ref46829905][bookmark: _Toc491870102][bookmark: _Toc34674923][bookmark: _Toc40794153][bookmark: _Toc46053527][bookmark: _Toc46093776][bookmark: _Toc66698744]Table 1‑2: Logistical processes
From a supply chain perspective, ULNs are constituted by a set of entities having one or more specific activities (or roles) in producing, supplying, transforming, storing, or distributing a final product (Pirard et al., 2011). Logistics service providers (LSPs) can also be responsible for collecting waste from citizens. Additionally, monetary and information flows accompany goods flows in the logistics network (Wangapisit et al., 2014). Table 1‑3 details the materials, monetary and information flows of UL.
	Categories
	Direction

	[bookmark: _Toc490410164][bookmark: _Toc490410592][bookmark: _Toc490411902][bookmark: _Toc490415012]Materials flow
	Shipper  Intercity carrier  Local carrier  Consumers
Consumers local carrier waste plant (reverse logistics)

	Monetary flow
	Consumers  Shipper Logistics service providers

	Information flow
	Non-directional, circulating among different individuals


[bookmark: _Ref47353071][bookmark: _Toc40794154][bookmark: _Toc46053528][bookmark: _Toc46093777][bookmark: _Toc66698745][bookmark: _Ref532212266][bookmark: _Toc491870103][bookmark: _Toc34674924]Table 1‑3: Direction of the materials, monetary, and information flow (adapted from Wangapisit et al., [2014]) 
Materials flow begins with the shipper and ends with the consumer. In reverse logistics, the roles of the consumer and the shippers are swapped. The monetary flow begins at the consumer end, moving to both intercity carrier and local carrier via the shipper, and it is generated before the logistical activities. The information flow is accompanied by goods movement. Information is also transmitted between the administrators, facilities providers, and the four former stakeholders, acting as a bridge to connect each stakeholder in the ULN (Wangapisit et al., 2014). Figure 1‑1 shows the structure of a typical ULN.
[bookmark: _Toc491869757][image: ]
[bookmark: _Ref46829930][bookmark: _Toc34675005][bookmark: _Toc40794161][bookmark: _Toc46053659][bookmark: _Toc66698691]Figure 1‑1: The structure of an urban logistics network (ULN)
Thus, the urban logistics activities can be summed up as followed: shipper (e.g. shopkeepers or producers) sends their goods to the intercity carriers, having received the orders from consumers at the stage of the first-mile pickup. The shipper then transfers the goods to the carrier. The carrier is responsible for delivering the goods to the customers in the city centre. In reverse logistics, the activities are reversed in the first-mile pickup: the carriers collect the waste from the consumers in the city centre and deliver this to the waste plant outside the city. A ULN is formed by cross-combining the multiple lines of logistics activities.
The associated activities of UL, including last-mile distribution and goods receipt, utilise infrastructures (e.g. road. parking zones) in the urban environment; therefore, such activities are influenced by the situation of the specific urban environment and by its future development. In the academic field, the importance of the mitigating environmental and social issues generated by urban logistics has been raised by different researchers. Thompson and Taniguchi (2017) believe that the UL is: ‘the process for totally optimising the logistics and transport activities by private companies in urban areas while considering the traffic environment, the traffic congestion, and energy consumption within the framework of a market economy’. In the book of ‘City logistics: network modelling and intelligent transport systems [page 2]’.
A second, holistic, integrated concept is proposed by Ambrosini and Routhier (2004) and Anderson et al. (2005), who define UL as 
The multi-disciplinary field that aims to understand the study and analyse the different organizations, logistics schemes, stakeholders and planning actions related to the improvement of the different goods transport systems in an urban zone and link them in a synergic way to decrease the main nuisances related to it. 
Such nuisances include negative social, economic, and environmental impacts (e.g., traffic congestion, road safety, carbon emission, pollution, and service costs). Their studies (Ambrosini and Routhier [2004], Anderson et al. [2005]) illustrate that the SUL requires numerous organisations to work together on activities for the purpose of sustainability. Russo et al. (2016) also concludes that, in this system, cleaner transport technology and policy solutions promote better management of mobility and transform freight transportation from an energy-intensive and environmentally harmful practice to a less polluting, low-emission model. 
Clearly, urban logistics activities are fundamental to the economic performance of urban systems. Since most of the urban service and economic activities rely on the support of the freight, ensuring a competents logistics efficiency is the requisite of city companies to provide an eligible service for their consumers. In addition, the logistics demands are divergent in the city, such as logistics requirement from independent retailing, chain retailing, and parcel and home deliveries, which rely on the support from different kinds of supply chain. Meanwhile, the profile of a city can impact on the development of the UL. In general, metropolitan cities generate more logistics demands than small-and-medium sized cities. Freight activities occur more frequently in economic districts and high-density residential area in other parts of a city. The freight volume in this area is associated with their economic conditions. For example, cities in developed regions generate more logistics demands than other regions. All the above factors leading to each freight shipment process is unique in the different contexts of each city. 
The different physical spaces, roadway designing, accessing planning and parking regulation would lead to congestion, extra fuel consumption and exhaust emissions. Cities becoming more crowded with a high density of residents means that, requirements for mitigating the negative impacts of a city environment and society are increasingly stringent. As a result, logistic activities must be adapted to such requirements in order to increase freight efficiency as well as address the major external challenges of UL in terms of the environmental and social issues in an urban area. Therefore, the planning of the urban logistics network should be integrated into the models of urban development.
The concept of sustainable development has been adopted during the designing stage of the development in countries, regions, and specific industries. It aims at ‘bringing human societies to a desirable future state in which living conditions and the use of resources meet human needs without constituting a danger to the continuity and development of natural systems, thereby ensuring the availability of resources for future generations’ (Stivers, 1976). As important hubs of different industries, cities themselves should comply with such development ideas. The next section will discuss SUD. 
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Sustainable development (SD) has been defined as ‘the model of development that meets the needs of the present without compromising the ability of future generations to meet their needs’ (Brundtland, 1987). More specifically, sustainable development contains the three primary dimensions: the environment, society, and the economy (Brundtland et al., 1987). As depicted in Figure 1‑2 (Garcia-Rodriguez, 2002), it represent as the synergy of the three dimensions, which  requires all the countries to balance the integration of the economic efficiency, environmental harmony, and social equity in the development.
With regards to the economic sustainability, SD encourages economic growth rather than restricting it to achieve environmental protection. SD aims to transform the traditional patterns of goods production and materials consumption to a more sustainable model, which saves resources utilisation and reduces waste to achieve economic efficiency. In the aspect of environmental sustainability, SD requires economic development to be accompanied by environmental protection thereby ensuring sustainable usage of natural resources. In the model of environmental sustainability, environmental protection is not the opposite of economic growth. SD advocates that the usaging of natural resources should be within the capacity of the earth, and traditionally- developed models of unlimited utilisation of resources must be abandoned. Social sustainability includes improving the quality of human life, improving human health, and guarantees social equality, freedom, education, human rights for the residents as well as protecting them from violence. The three dimensions do not exist independently but are interfaced with the others. Only if all the development objectives in the three dimensions are achieved, then comprehensive sustainability could be obtained. Otherwise, this research deems the remaining status, only considering one/two dimensions is partial SD. For example, on the condition that a set of economic and environmental criteria are considered, it is only feasible to capture economic development and environmental protection. Similarly, social and economic equity refers to both economic and social criteria and community liveability is related to environmental and social aspects (as shown in Figure 1‑2).
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The 2012 UN Conference in Rio de Janeiro agreed 17 ‘Millennium Goals’ (Figure 1‑3) based on these three dimensions (United Nations, 2015). Table 1‑4 interprets the meaning of each goal. 
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	Numbers
	Details

	1
	End poverty in all its forms everywhere.

	2
	End hunger, achieve food security and improved nutrition and promote sustainable agriculture.

	3
	Ensure healthy lives and promote well-being for all at all ages.

	4
	Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all.

	5
	Achieve gender equality and empower all women and girls.

	6
	Ensure availability and sustainable management of water and sanitation for all.

	7
	Ensure access to affordable, reliable, sustainable, and modern energy for all.

	8
	Promote sustained, inclusive, and sustainable economic growth, full, and productive employment and decent work for all.

	9
	Build resilient infrastructure, promote inclusive, and sustainable industrialisation and foster innovation.

	10
	Reduce inequality within and among countries.

	11
	Make cities and human settlements inclusive, safe, resilient, and sustainable.

	12
	Ensure sustainable consumption and production patterns.

	13
	Take urgent action to combat climate change and its impacts.

	14
	Conserve and sustainably use the oceans, seas, and marine resources for sustainable development.

	15
	Protect, restore, and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss.

	16
	Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and build effective, accountable, and inclusive institutions at all levels.

	17
	Strengthen the means of implementation and revitalise the global partnership for sustainable development.
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Furthermore, each individual goal has its subordinate objectives (Lee et al., 2016). The above goals illustrate that ‘sustainable development’ is an ambitious aspiration. However, numerous paradoxes and challenges are emerging during the implementation process. 
Following the proposal of the Millennium Goals, both developing and developed countries set goals and indicators of their own to promote their domestic sustainable development. For example, the UK government’s Department for Environment, Food & Rural Affairs (2013) has developed 12 indicators (Table 1‑5) (four economic, four social, and four environmental), which have then been further articulated into 23 sub-indicators (six economic, seven social, and ten environmental). These are closely linked to the three primary components of sustainable development. 
	Categories
	Indicator
	Sub-indicator

	Economic
	1
	Economic prosperity
	GDP (money)

	
	
	
	GDP per head (money per person)

	
	
	
	Median income (money)

	
	2
	Long-term
unemployment
	Proportion of adults unemployed over 12 months (percentage)

	
	3
	Poverty
	Proportion of children in relative low-income
households, before housing costs (percentage)

	
	
	
	Proportion of children in absolute low-income
households, before housing costs (percentage)

	
	4
	Knowledge and
skills
	Human capital (£) stock (money)

	
	
	
	Human capital per head (money)

	Society
	5
	Healthy life
expectancy
	Healthy life expectancy at birth: males (age)

	
	
	
	Healthy life expectancy at birth: females (age)

	
	6
	Social capital
	Proportion of people engaging in actions
addressing issues of public concern (percentage)

	
	
	
	Proportion of people who have a spouse, family member, or friend to rely on if they have a serious problem (percentage)

	
	
	
	Proportion of people engaging in volunteering activity (percentage)

	
	
	
	Proportion of people agreeing that people in their neighbourhood can be trusted (percentage)

	
	7
	Social mobility in
adulthood
	Proportion of adults from less-advantaged groups in managerial or professional positions (percentage)

	
	8
	Housing provision
	Net additional dwellings (square meters)

	Environmental
	9
	Greenhouse gas
emissions
	UK greenhouse gasses emissions (tons)

	
	
	
	Greenhouse gas emissions associated with UK consumption (tons)

	
	10
	Natural resource
use
	Raw material consumption of non-construction materials (tons)

	
	
	
	Raw material consumption of construction materials (tons)

	
	11
	Wildlife: bird
population indices
	Farmland birds (categories, numbers)

	
	
	
	Woodland birds (categories, numbers)

	
	
	
	Seabirds (categories, numbers)

	
	
	
	Water and wetland birds (categories, numbers)

	
	12
	 Water use
	Abstractions from non-tidal surface waters and ground waters (cubic meters)
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[bookmark: _Toc490415371]Urbanisation has pushed half the world’s population to seek opportunities in cities. Rapid population growth increases the demand for resources, energy, water, and sanitation services. Cities then experience environmental problems because of rapidly increasing resource consumption (DES, 2013). Unbalanced development patterns lead to poverty, crime, and inadequate public services, as well as poor education and a lack of medical resources in some urban areas. All this, then, becomes a source of turbulence (DES, 2013). The problems of economic and social development in city areas have attracted much attention, and many studies have focused on improving urban ecological environments to, in turn, improve the quality of residents’ lives (Haughton, 1997). Camagni (1998) provided the first synthesised definition of the urban sustainable development (SUD) concept: 
A process of synergetic integration and co-evolution among the great subsystems making up a city (economic, social, physical and environmental), which guarantees the local population a non-decreasing level of wellbeing in the long term, without compromising the possibilities of development of surrounding areas and contributing by this towards reducing the harmful effects of development on the biosphere. 
Additionally, the EU identifies 10 key indicators of USD. Table 1‑6 describes these indicators and their articulation into 13 sub-indicators (Science for Environment Policy, 2018).
	Dimension
	Indicator
	Measures

	Economy
	Unemployment rates/jobs
	Underemployment/employment/unemployment rates; percentage of green jobs in the local economy; average professional education years of labour force

	
	Economic growth
	Annual GDP growth rate; annual GNP growth rate; net export growth rates (% increase of country’s total exports, minus the value of its total imports per annum); foreign direct investments (FDIs) (capital/earnings accrued from listed FDIs per annum)

	Environment
	Green spaces
	Percentage of preserved areas/reservoirs/waterways/parks in relation to total land area; percentage of trees in the city in relation to city area and/or population size

	
	Reduce greenhouse gases/energy efficiency
	Total amount of greenhouse gas emissions per city and per capita; percentage of total energy consumed in the city that comes from renewable sources

	
	Mobility
	Transportation mode split (percentage of each mode of transportation; i.e., private, public, bicycles, pedestrians); average commute time and cost

	
	Water quality/availability
	Total amount of water availability; water quality index/score; proportion of population with access to adequate and safe drinking water

	
	Air quality
	Levels of particulate matter (PM10 – mg/m3); levels of particulate matter (PM2.5 – mg/m3)

	
	Waste/reuse/recycle
	Recycling rate (percentage diverted from waste stream); volume of solid waste generated

	Social
	Complete neighbourhood/ compact city
	Access to local/neighbourhood services within a short distance; crime rates; measures of income distribution and inequality

	
	Housing
	Percentage of social/affordable/priority housing; breakdown of housing sector by property type (owner occupied/rental, single occupant/couples/family/multifamily, etc.)

	
	Quality public space
	Percentage of roadways in good condition; percentage of green space (public parks) coverage in relation to city area and/or population size

	
	Education
	Number of schools with environmental education programs; adult literacy rate

	
	Sanitation
	Percentage of population with access to waterborne or alternative (and effective) sanitary sewage infrastructure

	
	Health
	Mortality rate/life expectancy; percentage of population with access to healthcare services


[bookmark: _Ref30085416][bookmark: _Toc34674926][bookmark: _Toc40794157][bookmark: _Toc46053531][bookmark: _Toc46093780][bookmark: _Toc66698748]Table 1‑6: EU urban sustainable development indicators (adapted from indicators Science for Environment Policy, [2018]).
Due to the complexity of urban systems, indicators from each category (economic, environmental, and social sustainability) often interact with one another (Wilson et al., 2007). Troy (2013) stresses that achieving all the targets of sustainability is a ‘cheat word’, because many of the goals are in conflict. Since UL systems create a variety of economic, environmental, and social impacts, there is a need to perform logistical activities to be compatible with urban sustainability. More specificially, the economic dimension could be related to the logistic efficiency. It can be stated that UL systems are the fundamental in the support of the urban lives. For instance, UL sustains industrial and trading activities which are essential major wealth generating activities. Furthermore, the total cost of UL is significant and has a direct bearing on the efficiency of the local economy. The environmental dimension corresponds to the environmental challenges in urban logistics, in terms of energy, waste, amd air pollutants. Lastly, the social dimensions to the labour equity associated with logistics operations (e.g. noise, visual intrusion). The ideal principle of sustainable urban logistics, according to the summarisation by Anderson et al. (2005), is therefore to identify appropriate trade-off solutions, which could ‘answer, as far as possible, how society intends to provide the means of opportunity to meet economic, environmental and social needs efficiently and equitably, while minimising avoidable or unnecessary adverse impacts and their associated costs, over relevant space and time scales’. The following sections describe the need for sustainable urban logistics (SUL).
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A unified definition of SUL is given by Gonzalez-Feliu et al. (2014b) who describe SUL as: 
‘all logistics and freight activities of a given urban area that respects the following principles: (i) economically viable and contribute to the improvement of the environment, quality of life, as well as social issues; (ii) have a vision of continuous improvement; (iii) take into account the interactions between the different stakeholders concerned; (vi) the outcome must be quantifiable and qualifiable.’
Under such a definition, economic sustainability is the basis of the environmental and social sustainability of the initiatives in the context of SUL. All logistics plans should be dynamically transformed to adapt to the changing environment. Proposed logistics solutions must be appropriate to the different stakeholders, so that stakeholders’ opinions and concerns are well considered in order to guarantee the justification. The achievements/limitations of any logistics schemes can be well displayed, and the reasons for such changes can be well illustrated.
Gonzalez-Feliu et al. (2014) indicate that an SUL initiative should include the seven elements, regarding: (1) infrastructures, (2) vehicles and other delivery equipment, (3) logistics organisation and transport, (4) information and communication technologies, (5) communication and consensus-search actions, (6) funding, and (7) regulation. Table 1‑7 shows the details of the above elements.
	Element of SUL schemes
	Details

	infrastructures
	It includes two types of infrastructure in which logistics activities happen: (1) linear infrastructures, such as road, rail and river networks, (2) nodal infrastructures, such as urban logistics spaces and distribution centre

	vehicle and other delivery equipment
	These include configured environmental-friendly vehicles, or using alternative tools such as tricycles or trams for delivery

	logistics organisation and transport
	Main actions used in the design, planning and optimisation of the system’s supply chain.

	information and communication technologies
	This element includes data exchange between different agents, the real-time monitoring of freight or vehicle tracking, and other information technology which can improve effectiveness.

	communication and consensus-search actions
	Building effective communication channels between different stakeholders which are involved in the SUL schemes

	funding
	Funding is used to ensure all solutions of SUL are economically feasible at the beginning. 

	regulation
	Public authorities issue legislation to promote the use of the planned project.
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After a review of the performance of different sustainable logistics initiatives in nine European towns, Ambrosino et al. (2015) propose the overall objective of the SUL as ‘focused on the optimisation of urban freight logistics processes in order to reduce the related energy consumption and environmental impacts yielding its economic sustainability’ in the consulting report of ‘Guidelines: Developing and implementing a sustainable urban logistics plan’. As with sustainable development, the EU also sets targets for SUL (Carpentieri, 2015). These are detailed below in Table 1‑8.
	Indicators
	Details of the target

	Efficiency
	Promote eco-innovation in freight transport

	Technology
	Support deployment of new vehicles and vessels, and retrofit those already in operation

	Resource
	Optimise the performance of multimodal logistics chains

	
	Develop multimodal freight corridors and support multimodal transport

	
	Exchange 30% of freight transport of more than 300 km from road to rail and waterborne transport by 2030, and 50% by 2050

	Environment efficient
	Improve vehicles’ energy efficiency 

	Information exchange
	Produce best practice guidelines on monitoring and managing urban freight flows.

	
	Create an appropriate framework for a seamless flow of information in the supply chain (e-freight)

	Urban emissions
	Achieve essentially CO2-free logistics in major urban centres by 2030
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Prior to the emergence of academic research in the field of SUL, several exploratory projects were conducted on optimising logistics in cities. Such projects can be classified into two primary categories: those based on hard measures (H), and those based on soft measures (S) (Russo and Comi, 2010). Russo and Comi (2010) found that the former (H) needs significant investment, whilst the latter (S) does not. Hard measures usually relate to the building of new infrastructure, the purchase of new high-performance equipment, and the implementation of new technology. Soft measures link to government intervention, such as traffic regulations and city policy.
Van Audenhove et al. (2015) propose four primary categories of measures in the context of SUL (regulation, infrastructure, financial incentives, and equipment) and list 14 practical case scenarios for each category (Table 1‑9).
	Main categories
	Sub-categories
	Description

	Regulation
	Restrictions (S)
	Access restrictions to selected areas/type of vehicle

	
	Time slots (S)
	Opening/shutting of certain areas using specific time slots for specific types of truck

	
	Exclusivity zones (S)
	Exclusivity for a single or limited number of transportation companies within certain areas

	
	Specific zones for particular industries (S)
	Planning specific zones for urban logistics (UL)

	Infrastructure
	Urban consolidation centre (UCC) (H)
	Shared logistics facilities for consolidation of goods for transport into the city

	
	Direct injection (H)
	Preparation of delivery routes

	
	Space reservation (H)
	Creation of dedicated loading/unloading areas for freight transport

	
	Logistics network (H)
	Using additional infrastructure to build logistics network

	Financial
Incentives
	Urban congestion charge (S)
	Implementation of congestion fee to be paid when entering the city or some certain areas

	
	Smart fare (S)
	Implementation of a variable fee based on the distance travelled within the city, the volume shipped, or the current traffic conditions

	Equipment
&
Technology
	IT technique (H)
	New technology based on the Internet and computer

	
	Greener trucks (H)
	Lower or zero-emission trucks

	
	Alternative transportation means (H)
	Usage of alternative transportation means

	
	New delivery methods (H)
	Developing a new operating model
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Among these measures, a UCC is a promising solution of SUL, which could benefit all participants in the field of urban logistics under ideal circumstances (Allen et al., 2012). Therefore, a UCC is a logistics initiative that makes it possible to achieve the overall objectives of SUL successfully. For the receivers in the city (e.g. small grocery shops, restaurants), a UCC can promote their sales and profitability. For the local authorities (LAs), the UCC is able to reduce the traffic volumes generated by freight transportation and mitigate the negative environmental impact of urban delivery. For the LSPs, a UCC can improve the efficiency of the last-mile delivery, saving their costs and improving their customers’ satisfaction. Browne et al. (2007) list the logistics and business activities of these UCCs and categorise their potential benefits in the context of sustainability (Figure 1‑4). 


[bookmark: _Ref30088001][bookmark: _Toc40794164][bookmark: _Toc46053662][bookmark: _Toc66698694]Figure 1‑4: Advantages of urban consolidated centres (UCCs) (adapted from Browne et al. [2007])
Although UCC a has the potential to achieve a balance of benefits in the three dimensions of SUL, there are also numerous issues that are waiting to be solved when considering the seven fundamental elements (Table 1‑7) of UCCs in the context of SUL. Specifically, as new infrastructure should be built when setting up a UCC project, a high initial investment is needed at the beginning. Secondly, the way of integrating a UCC into the entire supply chain is another challenge as the stakeholders’ interests are various. The issues, such as protecting the interests of each UCC stakeholder and designing the compromised scenarios to satisfy the various requirements of stakeholders, are the key factors in determining the success of UCC. During the operation, many UCCs are relying on public funding due to a lack of consumers. This factor is an obstacle to promoting the self-sustaining ability of a UCC. In order to optimise the UCC project, a comprehensive understanding of the UCC’s features is needed. This research will introduce some basic information on UCCs in the next section.
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The operational model of the urban consolidation centre (UCC) and its functions are reviewed in this section, with a focus on resolving the sustainability challenges facing urban areas. Tario et al. (2011) define the UCC as follows: 
A facility involving the trans-shipment of goods directed to urban areas, aiming to consolidate deliveries, and thus provide greater efficiency in the distribution process by increasing the truck load factor and decreasing the number of trucks used, which helps mitigate urban congestion and air pollution. 
In addition, these facilities provide other kinds of value-added services, such as goods handling, packaging, storage, and reverse logistics for various types of user (Jacyna, 2013).
Based on the timeline analysis, and to the best of our knowledge, the concept of the UCC was first put forward by McDermott and Robeson (1974). In their study, partially loaded trucks destined for the city centre dropped off the goods in the UCC, where these goods were then merged and distributed to the city centre via fully loaded trucks. The preliminary results found the UCC to be an effective solution, reducing the number of deliveries and pick-ups caused by small freight transportation.  Carriers thus achieved a significant saving when joining the UCC, and the externalities such as air pollution and urban congestion were mitigated.
Since this concept was first proposed, various countries have implemented UCC models to resolve the environmental and social issues facing their urban areas. Browne et al. (2005) reviewed 67 trial and operational UCC cases in 15 Western countries, from the 1970s onwards. They classified the UCCs into three primary types according to their service zones: (i) UCC services affiliated with a specific project to provide the logistics service, such as distributing construction materials; (ii) UCCs on single sites with one landlord and servicing a hospital, shopping centre, or airport; (iii) UCCs serving a town/city and responsible for delivering normal or specific types of goods to the city (can range from a specific district zone to the entire urban area). 
Browne et al. (2007) highlight the five primary agents in a UCC system: (1) goods suppliers, who provide the goods for the consumers; (2) LSPs, including the long-haul carriers and local carriers; (3) UCC operators, responsible for the management and operation of the UCC project; (4) receivers, or the consumer, ordering the goods from the suppliers and generating the logistics demands; and (5) LAs, which govern and plan the city transportation. 
The property rights of UCCs can be classified into four categories (Tario et al., 2011). The first of these is the single private ownership, where one private company establishes a UCC for a commercial purpose or the government franchises a private company to operate a UCC in a specific district to exploit the environmental and social advantages (e.g., using cleaning vehicles). Second, there are private joint ventures, in which a UCC is set up by multiple private logistics industry companies, operating as multiple cooperative carriers. Third, there are public-private partnerships (PPPs), normally including LAs, chambers of commerce, or LSPs (long-haul carriers or local carriers) and retailers in the urban area. Finally, the fourth category is the state-owned UCC, set up by government or other public institution. The public authority pays all the expenses of the project, and a private company is usually hired to operate the facility.
While the attributes of the involved stakeholders are heterogeneous, their objectives and behaviours are varied (Browne et al., 2007, Anand et al., 2014, Anand et al., 2015). As a result, the parties obtain various advantage and disadvantages from the UCC and there are frequent conflicts between the stakeholders at the operational stage. Furthermore, disagreements between stakeholders aggravate the projects’ inherent issues (e.g., financial difficulties and logistical efficiency) (Marcucci and Danielis, 2008, Van Duin et al., 2018). Consequently, most UCCs are not permanently sustained after the trial stage.
Indeed, UCC projects suffer high failure rates due to these deficits. Most projects fail to generate sufficient income, and the operational costs are relatively high (Quak and Tavasszy, 2011). As a result, they rely heavily on public subsidies and when this funding is exhausted, they are terminated (Browne et al., 2005, Duin et al., 2016, Kin et al., 2016). Furthermore, as noted above, internal issues generated by stakeholder conflicts exacerbate the financial difficulties. For example, UCC users are reluctant to pay extra fees for delivery from the UCC, and consumers hesitate to adopt the service if it means changing their behaviour. As their profit margins are low, LSPs (e.g., long-haul carriers) are unwilling to share their revenues to support the UCCs. 
The objectives of this study are to promote the sustainability of the UCC project by resolving its internal and external issues. The next section illustrates the outline of this thesis.
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Chapter 1 introduces the research background of this thesis and presents a general definition of UL. This chapter illustrates the context of urban sustainable development in terms of the evolution of the concept and the targets formulated by the EU and the UK. The chapter then introduces the concept and objectives of SUL. In addition, the practical measures taken to mitigate the issues are described. At the end of the chapter, the concept of the UCC is discussed, including its development and properties.
In addition to the introduction and conclusion, this thesis comprises six chapters. Chapter 2 presents the literature review, detailing the process of refining the topic area of SUL to the ultimate choice of UCC facilities as the research topic. To close the research gaps, a comprehensive academic review of the UCC and grey literature on practical cases is detailed. The findings from previous studies and the issues revealed in practice are combed, and the internal issues concerning UCCs in respect of stakeholder conflicts and financial issues are captured. In response to the above challenges, four primary research questions are then put forward.
Chapter 3 introduces the research methods used for the data analysis in Chapters 4, 5, 6, and 8. This chapter elaborates on the suitability of the chosen methods for the research questions posed. 
Chapter 4 elaborates on the theoretical cost structures of UCCs associated with different goods movement processes. This chapter also suggests a formula-based approach to calculating accurate estimations of total project expenditure for different configurations during the planning stages of the project.
Chapter 5 illustrates a framework for comparing the stakeholder engagement processes and outcomes of four UCCs in Sweden and China. Such results prove that UCCs can generate economic benefits for all participating stakeholders, rather than being built to mitigate the environmental and social effects of urban logistics only. If the intersection of stakeholders’ interests is identified, different stakeholders could construct a stable partnership to support the lifecycle of the UCC.
Chapter 6 assesses stakeholder preferences by measuring the heterogeneity of stakeholder objectives and disclose the conflicts between parties in the UCC operations. The quantitative results presented in this chapter illuminate the severity of the conflicts, while the qualitative results reveal the details and causes of these conflicts. It is suggested that the findings can be used to mitigate the internal conflicts. This measure can be used to promote the quality of stakeholders’ engagement with UCCs, as the stakeholders’ conflicts can be well addressed.
Chapter 7 addresses the financial issues for UCC, namely, insufficient income due to a lack of local market users of freight transportation. As a result, the UCC is heavily dependent on subsidies from LAs. This chapter proposes the mitigation of such issues by sharing the UCC costs with upstream and downstream stakeholders, according to a fair and efficient principle. To enhance the legitimacy of the cost-allocation method, the ‘extended producer responsibility’ (EPR) and ‘extended customer responsibility’ (ECR) views are introduced.
[bookmark: _Toc490415373][bookmark: _Toc490484776][bookmark: _Toc490823570][bookmark: _Toc491894820][bookmark: _Toc477867143]Chapter 8 introduces the functions of a software-based decision-making tool named ‘E-mile’, which is developed throughout the thesis. ‘E-mile’ is a strategic decision support aimed at providing some sort of scenario planning functionality which could be utilised in the phase of strategic design of a UCC. In this specific functionality, a decision-maker (who, for instance, could be a transport planner in a city council) could just insert some hypothetical demand for the last-mile delivery services (in terms of typical incoming trucks per day and number of customers that need to be served, with their operating time windows). This chapter elaborates on the elements to be considered during the decision-making process. Then, a comprehensive introduction to the functions of ‘E-mile’ is given, including the specification of the software module and the assumed process of data input for the UCC planners. 
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This chapter has introduced basic notions about the UL field. Then, it highlights the need for SUL as a response to problems caused by freight transportation activities in urban environments. Finally, this chapter focuses on UCCs, a promising but problematic SUL initiative, giving a brief introduction about their features and background information. To clarify the current state-of-the-art literatures and the extant research gaps in the SUL field, a systematic literature review is presented in the next chapter.
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This chapter provides the findings of a comprehensive literature review of the SUL field of study. The relevant research topics are investigated and gaps in the extant literature are highlighted, along with potential research avenues. The literature review process contains both an academic literature review and a grey literature review. The academic literature review reflects a narrowed-down process of research topic identification. In this procedure, this thesis firstly reviews the papers in the context of the SUL. The findings from the reviewed papers in the general SUL motivate this thesis defining UCC, a popular initiative established to tackle the challenges of negative environmental and social impacts generated by UL, as a research topic. Then, in order to build a comprehensive overview of the UCC studies by understanding the dominant categories of research topics and themes, a new set of critical literature reviews in the research scope of UCCs are conducted based on another ‘keywords’ set. The results of the literature review also contribute to the understanding of possible research directions and knowledge gaps in the field of UCCs. On the other hand, this thesis conducts a grey literature review based on the industrial report of UCCs, for the purpose of understanding the practical issues in the UCC project. In the end, by combining the results of the academic literature review and the grey literature review, this thesis identifies the research gaps in the field of UCCs and then proposes associated research questions. Figure 2‑1 shows the overall structure of this chapter. 
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An initial body of literature was gathered using a ‘keyword search’ in SCOPUS, one of the largest abstract and citation databases for peer-reviewed scientific literature, including journals, books, and conference proceedings. SCOPUS is linked to the databases of major publishers such as Elsevier, Emerald, Springer, and Wiley. 
The complete list of search criteria is reported in Table 2‑1. The results were English-language articles and they were gathered using the keywords ‘sustainable urban logistics’, ‘sustainable city logistics’, ‘green urban logistics’, and ‘sustainable urban freight’, with searches of titles, abstracts, and keywords. This process resulted in the retrieval of 330 academic papers.
	Inclusion criteria
	Description

	Keywords
	‘Sustainable urban logistics’ or ‘sustainable city logistics’ or ‘sustainable urban freight’ or ‘green urban logistics’

	Language
	English

	Source
	Scopus

	Document type
	Article

	Time interval
	1982-2019

	Restriction
	Article title, Abstract, Keywords
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The primary purpose of this phase was to ensure that the articles under consideration were relevant to the field of SUL. The first stage involved reading the abstract and the full text of each paper. Following this, 77 academic papers were removed from the list. The remaining 253 papers were marked and numbered for use in the literature review. 
A three-layer hierarchy was employed to classify the selected papers: (i) bibliometric evaluation, (ii) research topics, and (iii) methodology. Figure 2‑2 illustrates this classification process.
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Table 2‑2 lists the journals that have each published more than five articles on the subject of SUL. 
	Name of journal
	Numbers

	Sustainability
	27

	European Transport Research Review
	12

	Transportation Research: Part D
	11

	Transportation Research: Part A
	11

	Journal of Transport Geography
	9

	European Journal of Operational Research
	8

	Journal of Cleaner Production
	7

	Transport Reviews
	7

	Transportation Research: Part E
	6
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Table 2‑3 lists authors who have published at least five articles, alongside the countries in which they are based. This reveals that researchers from Belgium, Norway, and Italy are prolific in this field.
	Authors
	Country
	Numbers
	Authors
	Country
	Numbers

	Macharis
	Belgium
	12
	Muñuzuri
	Span
	5

	Marcucci
	Norway
	8
	Guadix
	Spain
	5

	Gatta
	Italy
	7
	Cortes
	UK
	5

	Verlinde
	Belgium
	6
	Browne
	Sweden
	5
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Figure 2‑3 shows the number of papers published per year. It illustrates that research in the SUL field attracted little attention between 1982 and 2003. From 2003 to 2007, the number of papers increased to an average of four per year, and between 2012 and 2016 to an average of 25 per year. Since 2016, more than 30 papers have been published per year. It is clear that the study of SUL has seen an upward trend over the past 34 years.
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For this literature review, 228 academic papers (following the exclusion of a further 25) were classified under seven primary categories, by research topic (excluding papers detailing literature reviews): (1) freight movement optimisation, (2) new operating models, (3) performance evaluation, (4) planning and design, (5) stakeholder engagement, (6) technological upgrades, and (7) demand management. Part B of Appendix I provides a detailed classification of the 253 papers according to these categories, as well as identifying sub-categories. Figure 2‑4 shows the paper distribution across the seven topics. A basic description of these categories is provided in the following section. 
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Studies in this category concern the optimisation of goods-movement between the consigner and consignee in SUL networks. Vehicle routing problems (VRP) are the primary research area of this topic and defined as ‘the problem of designing optimal delivery or collection routes from one or several depots to a number of geographically scattered cities or customers, subject to side constraints’ (Laporte, 1992). Kim et al. (2015) identify eight types of VRP challenges: environmental cost, travel cost, distance, travel time, fleet size, driver cost, fixed cost, and time windows. Compared to traditional VRPs, those in UL also include issues of traffic regulations, road congestion, road conditions, parking space, air pollution, noise, and emergencies (Ehmke et al., 2012). The specific requirements of stakeholders also result in new problems for city VRPs, such as the need to ensure optimal levels of profit to carriers (Kim et al., 2015). Table 2‑4 lists the VRP types typically found in urban environments, along with their specific constraints.
	VRP Types
	Key Indicators

	CVRP (Capacitated vehicle-routing problem)
	Restriction of the vehicle-loading capacity

	Dial-a-ride problem (DARP)
	Restrictions of consumers’ specific requirements and vehicle type

	Distance-constrained capacitated vehicle-routing problem (DCVRP)
	Restriction of max. travel miles

	The emissions vehicle-routing problem (EVRP)
	Restriction of emissions and pollution

	Generalised VRP (GVRP)
	Restriction of type of consumer

	Multi-depot vehicle-routing problem (MDVRP)
	Several depots are considered to serve clients

	Split-delivery VRP (SDVRP)
	Restriction of number of vehicles

	Stochastic VRP (SVRP
	Restriction of customer demands

	Time-dependent VRP (TDVRP)
	Restriction of travel time

	Truck and Trailer routing Problem (TTRP)
	Restriction of service provider

	CVRP on trees (TCVRP)
	Adding collection point during routing

	VRP with Pick Up and Delivery (VRPPD
	Joined delivery and pick-up process are in one tour

	Vehicle Routing problem with multiple routes (VRPM)
	Dynamic routing choices according to traffic conditions
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The primary characteristic of the listed VRP types is that penalties can be implemented if any of the restrictions are contravened. For example, Muñuzuri et al. (2013b) introduce two kinds of penalty in VRPs with time windows (VRPTW): (i) any delay or early arrival is not permitted, and freight should be redelivered on the next trip; and (ii) delayed arrivals are prohibited, requiring a new delivery, but early arrivals are accepted, though drivers should wait until the scheduled timetable to unload the goods. Clearly, any penalty leads to additional costs for the logistical activities (e.g., increasing service time, travel distance, operational cost). 
Numerous papers focus on methodological developments associated with the above objectives. Quantitative methods (such as, integer programming, knowledge-based models, and simulation) are employed to solve these problems. Some researchers optimise VRP through a change of delivery framework. For example, Arvidsson (2013) used the milk-run method to reduce the total cost and alleviate negative environmental impact. 
Most of the research in this area is devoted to establishing new formulations of mathematical models to describe the problems. Taniguchi and Shimamoto (2004) used the dynamic vehicle scheduling model to simulate real-time information-based delivery methods, helping carriers reduce their total costs and alleviate traffic congestion. Figliozzi (2010) implemented tour models to deal with uncertainty and congestion, helping carriers to reduce the costs of the tour. Boussier et al. (2011) used behavioural models to simulate how parking policies influence routing and deliveries in the city area. Ehmke et al. (2012) used the data mining approach to evaluate the impact of time-dependent travel times on routing quality for city logistics applications. Akyol and De Koster (2013) combined time window satisfaction function and routing cost function to evaluate the most appropriate time regulation for city logistics. Crainic and Sgalambro (2014) used the aa-uUNVSND models to optimise the two-tier city logistics network with fixed charges and time-windows. Pamučar et al. (2016) implemented the transport spatial decision support model (TSDSM) and a geographic information system (GIS) to choose the best routes for green vehicles and to maximise the positive effects on the environment. Yang et al. (2016) used bilinear non-convex mixed integer programming to reduce the carbon emissions associated with vehicle usage. 
A number of papers focus on solution methodologies for the previously developed models. In this context, the development of intelligent algorithms (IAs) constitutes the primary research area. Hemmelmayr et al. (2012) used an adaptive large neighbourhood search heuristic to deal with the location-routing problem (LRP) in the two-echelon city logistics system. van Duin et al. (2013) used a heuristic algorithm to solve the MILP formulation of the fleet size and mix vehicle-routing problem (FSMVRP) and help carriers to reduce the travel distance of the electric vehicle (EV). Cattaruzza et al. (2014) proposed a hybrid genetic algorithm to resolve the multi-trip VRP. Boschetti and Maniezzo (2015) used an extended set covering model (SCC) and a randomised constructive heuristic algorithm for the multi-trip VRP with time windows. Breunig et al. (2016) proposed a hybrid meta-heuristic to optimise the selections of intermediate facilities.
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This category is concerned with testing new approaches and ideas for SUL operations. It includes four sub-topics: (i) Innovative logistics incentives for the optimisation of urban logistics, (ii) alternative delivery methods, (iii) evaluating the performance of EVs in SUL contexts; (iv) Collaborative urban logistics networks.
Innovative logistics incentives for the optimisation of urban logistics
Muñuzuri et al. (2010) used trip-generation models to simulate traffic congestion in Seville, showing that off-hours delivery can efficiently reduce pollution and congestion issues as it is less affected by the high-volume traffic flow that characterises the daytime. However, Silas et al. (2012) argue that off-hours delivery can increase total delivery costs due to additional labour expenses. In addition, night traffic leads to social issues, such as problems of safety and noise(Sathaye et al., 2010). Holguín-Veras (2012) note that, to determine the profitability of off-hours operations, the views of affected residents and employees, along with government support, are the key factors.
Muñuzuri et al. (2012) suggest the use of mini-hubs in city centres to improve delivery activities and reduce total emissions. However, they identify barriers to this in terms of the ability of these mini-hubs to deal with different goods categories. Furthermore, cities characterised by large historical centres may have insufficient facilities to support the operations.  Li et al. (2014) propose the use of taxis for goods deliveries, exploiting their spare capacity. They formulate the ‘share-a-ride problem’, solved through a ‘greedy insertion algorithm’.
Wang and Zhou (2015) designed a resident-driven delivery model to replace the traditional door-to-door delivery method. In this model, carriers leave goods in a storage hub located in the residential area and customers collect the goods themselves. This model helps companies to reduce their costs and travel distances. However, the researchers note that acceptance of this model is hugely variable, depending on residents’ educational background. 
Crowd logistics is a new UL concept that has emerged through IT development. In this model, the excess space in passenger vehicles is used for parcel delivery. This model would thus not rely entirely on the LSPs, and it could generate economic, environmental, and social benefits (Buldeo Rai et al., 2017). Gatta et al. (2019b) conclude that, when combined with automatic parcel lockers, crowd logistics has the flexibility to match the time-windows demanding from its users. However, the competitive service price requires sufficient volume of ‘crowd shippers’ (Gatta et al., 2019b). Giret et al. (2018) combined multi-agent system techniques and complex network-based algorithms to optimise sustainable delivery routes; and their results indicate that, compared with parcel delivery by dedicated carriers, crowd logistics significantly reduces travel miles and air pollutant emissions. Guo et al. (2019) propose a unique type of crowd logistics, with online orders delivered by offline consumers to their neighbours. The new strategy generates savings on overall delivery costs and travel distance. Moreover, the ratio of the savings depends on the number of participating offline consumers.
Alternative delivery methods
Research has also investigated the possibility of non-road delivery models. For example, in Amsterdam, deliveries by electric ships through the water canal networks have been seen to significantly reduce waiting times and fuel consumption in the city (Van Duin et al., 2014). Van Binsbergen and Bovy (2010), (Alessandrini et al., 2012), and Arvidsson and Browne (2013) propose the use of metro/tram railways systems for goods deliveries, citing advantages in terms of capacity, fuel consumption, and ground space occupation. However, there are some constraints in terms of a lack of support facilities and activities; the limited flexibility of the routes; and difficulties in obtaining the cooperation of delivery companies and underground operators. Quantitative findings are presented by Dong et al. (2019), who implemented a simulation using the system dynamics method to test the delivery efficiency of an underground system under different densities of metro line. The results suggest that underground delivery significantly reduces on-road freight traffic volume, alleviates congestion, and reduces truck-related emissions. Furthermore, it improves logistics efficiency by reducing travel times in the urban area. 
The use of cargo bikes (or cargo cyclists) for urban delivery is a new idea being tested in practice (Schliwa et al., 2015, Anderluh et al., 2017, Pitera et al., 2017, Arnold et al., 2018, Sheth et al., 2019). The results indicate that cargo bikes are adaptable for historic neighbourhoods and high-density urban areas with narrow streets. As a zero-emission delivery tool, they also support the environmental objectives of LAs. Urban restrictive policies do not affect the cargo bike distribution process, thus the flexibility improves logistics efficiency in traffic-controlled regions. The operational cost is also lower than that of the conventional delivery method. However, evidence from the above cases also illustrates various drawbacks. First, the loading capacity is relative low and cargo cycles are only suitable for low-volume and -weight deliveries. Second, it is difficult to equip the bikes the technology necessary to display real-time delivery information to the receivers. Third, the service size is relatively small, thereby additional goods-loading facilities are required to support bike delivery. Finally, safety risks are increased by the inadequate protection measures of the cargo bike.
Alternative vehicles 
Electricity-powered vehicles (EV) have significant advantages over combustion engine vehicles in terms of environmental (Macharis et al., 2007, Quak, 2014, Lebeau et al., 2015, Duarte et al., 2016, Muñoz-Villamizar et al., 2017) and lower operational costs (Macharis et al., 2013, Ahani et al., 2016, Giordano et al., 2018). However, in the current context, EVs cannot yet replace conventional trucks because combustion engine vehicles still have more stability in terms of risk and uncertainty control (Quak, 2014). The designs of EVs and conventional vehicles should be compatible and the vehicles used together, under the current logistics operating model, to reduce the risks associated with the new technology (Quak, 2014). The capacity and road adaption of EVs are usually lower than those of conventional vehicles (Lebeau et al., 2015); thus, when dealing with a large quantity of goods, more EVs must be used, thus increasing traffic pressure (Lebeau et al., 2015). In addition, supplementary infrastructure is required in metropolitan areas, as battery charging in off-hours could not adequately meet the needs of a day’s work for an EV in a metropolitan area (Taefi, 2016). Owing to noise and emissions, EVs are more likely to be competitive than conventional diesel vehicles if deployed in a ‘day-and-night’ shift delivery model, but this  research demonstrates that (Taefi, 2016).
From a government perspective, EVs will create additional financial burdens. Due to the high purchase cost of the EVs, the government must provide subsidies to logistical companies wishing to buy them (Roumboutsos et al., 2014). Moreover, detailed policies are required to support the implementation of EVs. Another drawback is noted by Lebeau et al. (2016), who insist that even if the vehicles have lower operational costs, the entire cost of their lifecycle is much higher than that of a conventional vehicle. Battery degradation is also highlighted by Taefi (2016) and Pelletier et al. (2018), with challenges posed by the fading of the battery capacity and power. Such issues will impede delivery efficiency as the service radius of the EV decreases over time. 
Collaborative urban logistics (UL)
Collaborative freight transportation involves the creation of partnerships involving two or more actors aiming at achieving specific business goals through the utilisation of shared assets (Lambert et al., 1999, Pomponi et al., 2013). In the field of collaborative UL, it concerns all members in a supply chain for an urban area, rather than the pure logistics activities or LSPs in the geographical region of a city. Cleophas et al. (2019) classify the forms of collaborative urban freight transportation into two main categories: horizontal collaboration and vertical collaboration. The attribute of the horizontal collaboration is multiple agents work together in the same tier of the supply chain, and each partner serve the same or at least overlapping parts of the transport network. (e.g., two or more LSPs can cooperatively implement the last mile deliveries). Many studies have been investigated such kind of collaboration. For example, the simulation results of Zissis et al. (2018) illustrate that travel distance in the urban area can be decreased when multiple grocery retailers merge their deliveries of online orders. Nadarajah and Bookbinder (2013) used a guided local search (GLS) method to optimise delivery routing under the collaborative logistics model, with multiple carriers integrating their goods before entering the city. Their study found a 3-15% reduction in travel miles when collaborating distribution. Montoya-Torres et al. (2016) conclude that, in comparison with non-cooperative distribution, a cooperative strategy between carriers can have advantages of reduced operational cost, air pollutant emissions, travel miles, and travel times in the city. 
In the mechanism of vertical collaborative UL, each partner serves distinct parts of the transportation network, and goods flow across partners who are in a multi-tier structural relationship (Cleophas et al., 2019). UCCs represent pivotal facilities of the logistics initiative with the characteristic form of vertical collaboration, UCC-based delivery mechanisms can be regarded as a two-echelon delivery network (Nozick and Turnquist, 2001). Parcels are transhipped to an intermediate facility before being moved to an urban area (Guastaroba et al., 2016). After that, sustainable methods, such as light or electric vehicles are utilised for goods distribution within the urban area (Gonzalez-Feliu, 2008). In contrast to the horizontal collaboration system which involves only stakeholders with the same attributes, the UCC is a comprehensive project that involves stakeholders with different features, business targets, and priority of interest. This kind of project encourages private companies to build shared distribution centres in the outskirts or industrial areas of a city. All participants share the facilities and equipment of the UCCs, where goods are sorted and loaded onto smaller vehicles for last-mile delivery to customers (Allen et al., 2012). A typical UCC system requires the setup of a collaborative network involving upstream and downstream stakeholders, including upstream long-haul carriers (LHCs), suppliers, and downstream customers, in order to intercept and merge goods flows to be delivered in an urban area (Cleophas et al., 2019). van Heeswijk et al. (2019) identify two different types of UCC business models according to the categories of UCC subscribers. In the first model, LHCs outsource their last-mile delivery business to an UCC, which consolidates goods from multiple LHCs, and deliver them to the customers in the urban area; Brussels UCC operates according to this model (Janjevic and Ndiaye, 2017b). In the second category of UCCs, downstream customers (e.g. retailers, restaurants) designate the UCC facility as a consolidation point in order to activate collaborative delivery mechanisms in the urban area. This model includes the operational UCCs for perishable products in Parma (Italy) (Morganti and Gonzalez-Feliu, 2015) and Nijmegen (The Netherlands) (Duin et al., 2016) and the British UCCs serving the Regent Street area in London (Browne et al., 2011) and the Bristol-Bath conurbation (Duin et al., 2016).
When well-orchestrated, this cooperating strategy helps participants to reduce operational costs, vehicle numbers, and travel distance (Battaia et al., 2014). At the UCCs, careful planning is undertaken to consolidate volumes and arrange appropriate routes and schedules to reduce the negative environmental impact on the city (Olsson and Woxenius, 2014). The UCC model has performed well in small-scale cooperative exploratory programmes (Jacyna, 2013). Although significant benefits can be achieved by UCCs, few private companies are willing to participate in these schemes. The projects are typically aimed at resolving environmental problems, thus they do not always align with the core interests of private companies (Holguín-Veras and Sánchez-Díaz, 2016). A detailed review of a paper on the advantages and disadvantages of UCCs is presented in section 2.7.
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The performance evaluation can be divided into the ex-ante estimation and ex-post assessment. This evaluation appraises the achievements or estimated results of new logistics models, innovative technology, UL initiatives, and transport policy. This section illustrates the framework of the SUL key performance indicators (KPIs) and the frequency of the popular indicators in the reviewed literature. To close, there is a description of multi-criteria decision-making (MCDM), in which multiple indicators with conflicting attributes are adopted, and various papers that use MCDM tools to develop more articulated evaluation frameworks.
Key performance indicators (KPIs) for sustainable urban logistics (SUL)
Patier and Browne (2010) provide an extensive list of SUL KPIs (Table 14). They classify these as core indicators (i.e., those considered in the relevant performance evaluation research) and additional indicators (i.e., those which improve the quality of the results).
	Dimensions
	Core indicators
	Additional indicators

	Logistics data
	· Number of parcels delivered or picked up
· Number of stops
· Duration of stops
· Action zone
· Distance covered by road with thermic vehicles
· Distance covered with non-polluting vehicles
· Vehicle and handling equipment capacity
· Number of vehicles crossing on the platform
· Using rate of urban logistics (UL) space
	· Length of the round
· Delivery time, delivery constraints 
· Time for loading/unloading
· Filling rate of vehicles
· Speed of vehicles
· Timetable in the platform
· Timetable for each stop for delivery


	Economic and commercial indicators
	· Investments cost
· Exploitation cost
· Subsidy
· Price
· Customer or user satisfaction
	· Subcontracting
· Safety of the freight
· Typology of concerned activities
· Typology of involved goods
· Motivation of customers
· Evolution of the turnover
· Evolution of the exploitation results

	Environmental indicators
	· Energy consumption
· Pollutants emissions
· Rate of deliveries with clean vehicles
	· Noise

	Social indicators
	· Working conditions
· Employment
· Formation
	· Time of employees’ trips
· Evolution of carriers
· Working schedule
· Mode of transport of the delivery men
· Working safety

	Specificity regulation
	· Authorised deliveries
· Road occupancy
· Time of ‘restricting parking’
	· Conflicts between users of the space
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Similar research was conducted by (Buldeo Rai et al., 2018), who categorise the indicators by types of ‘profit’ (economic performance), ‘planet’ (environmental performance), and ‘people’ (social performance). The key difference between these two is that the latter study did not include indicators of human wellbeing in the social dimension. Based on an understanding of these types of indicator, Table 2‑6 details the distribution of the indicators measured by these papers on performance evaluation. It shows that the indicators of air pollution, travel time, cost and travel distance has attracted the most interest in previous study.
	Indicators
	Reference
	Numbers

	Air pollutant emission
	Sathaye et al. (2010); Lee et al. (2012); Qureshi et al. (2014); Veličković et al. (2014); Nordtømme et al. (2015a); Aditjandra et al. (2016); Koç et al. (2016); Outapa et al. (2016); Guo and Ma (2017); Chen et al. (2018); Holguín-Veras et al. (2018); Lee and Hwang (2018); Marcucci et al. (2017a); Iwan et al. (2018); Marujo et al. (2018); Mommens et al. (2018); Yusuf (2018); Anagnostopoulou et al. (2019)
	18

	Travel time
	Figliozzi (2010); Deflorio et al. (2012); Green et al. (2013); Muñuzuri et al. (2013a); Koç et al. (2016); Marcucci et al. (2017a); Marujo et al. (2018); Yusuf (2018); Marujo et al. (2018); Mazzarino and Rubini (2019); Zhang et al. (2019)
	10

	Logistics cost
	Figliozzi (2010); Flamini et al. (2011); Munuzuri et al. (2012); Green et al. (2013); Grosso et al. (2014); Koç et al. (2016); Li et al. (2018); Marujo et al. (2018); Mommens et al. (2018); Zhang et al. (2019).
	10

	Travel distance
	Figliozzi (2010); Gonzalez-Feliu et al. (2012); Green et al. (2013); Grosso et al. (2014); Koç et al. (2016); Zhang et al. (2019); Marcucci et al. (2017a); Holguín-Veras et al. (2018); Marujo et al. (2018).
	9

	Rate of acceptance
	Lindholm and Blinge (2014); Nordtømme et al. (2015a); Gatta and Marcucci (2016).
	3

	Fuel consumption
	Marcucci et al. (2017a); Marujo et al. (2018); Zhang et al. (2019).
	3

	Noise
	Mommens et al. (2018); Yusuf (2018).
	2

	Customer satisfaction
	Holguín-Veras (2012); Lindholm and Blinge (2014).
	2

	Stop duration
	Figliozzi (2010); Muñuzuri et al. (2013a).
	2

	Goods handling time
	Marujo et al. (2018); Mazzarino and Rubini (2019).
	2

	Traffic volume
	Chen et al. (2018); Iwan et al. (2018)
	2

	Congestion
	Mommens et al. (2018)
	1

	Profit
	Green et al. (2013)
	1

	Numbers of trips
	Mazzarino and Rubini (2019)
	1

	Carrying Capacity
	Mazzarino and Rubini (2019)
	1
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The emissions and consumption totals derived from the last-mile delivery account for the largest proportion in the entire delivery work (Wygonik and Goodchild, 2014). As such, environmental indicators (e.g., CO2, NOx, SOx, fuel consumption, PM2.5) are usually used to evaluate SUL performance. All the listed environmental indicators are positively correlated with vehicle travel miles. Different methods are used to conduct evaluation exercises, such as energy conservation (Gonzalez-Feliu et al., 2012) and mathematical functions (Yang et al., 2016). Environmental KPIs can also be utilised to track the influence of urban logistical systems on other phenomena (e.g., public health). Lee et al. (2012) set levels of carbon monoxide, hydrocarbons, nitrogen oxides, and particulate matter as KPIs with which to monitor public health, comparing values across time before and after the implementation of a city logistics programme.
Multi-criteria decision-making (MCDM)
For the purpose to comprehensively evaluate the global performance of logistics initiatives, multiple indicators with different attributes should be taken into account. However, some indicators may be conflicts with each other. For example, considering the indicator of ‘working safety’ and ‘cost’ in Table 2‑5: in practice, additional cost should be invested in order to improve the safety of operation. This factor may cause the incomplete conclusion about real performance of specific logistics initiatives. MCDM methods could deal with such problems when evaluate any logistics initiatives based on various conflicts criteria.
The class of MCDM methods can be used to enhance the stakeholder’s group decision-making approach, in terms of rank, rate, screen, and sort problems. The common trait of these problems is that they involve multiple and often conflicting criteria, across which a given performance function must be optimised. This is challenging, and compromises must be formulated (Ishizaka and Nemery, 2013). Methodologies such as fuzzy set theory, the technique for order of preference by similarity to ideal solution (TOPSIS), the analytic hierarchy process (AHP), and affinity diagrams are commonly used to assess performance SUL initiatives. Awasthi and Chauhan (2012) list the four steps of MCDM methods in the context of SUL: (i) identifying criteria to assess the performance of city logistics initiatives, (ii) establishing a decision-making committee of representatives of city logistics stakeholders to select the criteria and viable alternatives, (iii) providing a rating for the alternatives to selected criteria and aggregating these ratings through the selected methodology, and (iv) performing a sensitivity analysis to evaluate the robustness of the results. Using this framework, several authors have proposed different MCDM methods for the evaluation of SUL initiatives. Smirlis et al. (2012) developed a combination of data envelopment analysis (DEA) and GIS to select the best vehicle routing software. The role of the DEA is to transform the qualitative information to measurable quantitative data when dealing with insufficient data input. Tadić et al. (2014) used the fuzzy ANP, DEMATEL, and VIKOR to evaluate four possible SUL models (decentralised road systems, centralised cargo tram systems, intermodal transport networks, and unified freight systems with trams and EVs) for evaluation across 10 criteria from three different dimensions. Based on seven indicators and the three dimensions of SUL, Bouhana et al. (2015) built an intelligent decision-making system through a case-based reasoning (CBR) approach. The information input of this model is based on semantic web rule languages. This system optimises delivery routing for the carriers, simultaneously considering the different requirements (environmental impact, time windows) of several stakeholders. Milan et al. (2015) used PROMETHEE to illuminate stakeholder preferences in a case study examining potential pick-up schedule scenarios for an on-street Oxfam donation bank. Rao et al. (2015) deal with the UCC location selection through Fuzzy TOPSIS methods, based on the economic, environmental and social criteria. Awasthi et al. (2016) used a fuzzy BOCR (benefit, opportunities, cost, and risk) GRA (grey relational analysis) method to select logistical partners. Bandeira et al. (2018) implemented the fuzzy logic technique for a comparative assessment of different scenarios for adapting e-tricycles for urban distribution. Kijewska et al. (2018) select the most appreciate administrative measures in the context of sustainable development by comparing AHP and DEMATEL results. 
[bookmark: _Toc66703182]Aggregate planning of urban logistics (UL)
The papers in this category focus on the formulation of reasonable logistics plans, as well as the implementation of the new logistics projects to reduce the risks caused by uncertainty. In the context of SUL, environmental factors are the primary motivations, thus the scheming process usually prioritises environmental progress (Fossheim and Andersen, 2017). Russo and Comi (2016) illustrate that the planning process of a logistics project is a cyclical procedure, which begins with the ex-ante assessment and ends with the ex-post assessment (Figure 2‑5).


[bookmark: _Ref532217411][bookmark: _Toc491869762][bookmark: _Toc34675011][bookmark: _Toc34734803][bookmark: _Toc46053666][bookmark: _Toc66698699]Figure 2‑5: City logistics planning process
When any measures of the plan are modified, this series of procedures is repeated. A city logistics network is a complex system, and some fundamental factors should be considered (e.g., traffic volumes, land use). For example, from a sustainability point of view, the selection of the most suitable location for a UCC facility is one of the complicated issues in the design of the ULN. The urban population and the scale of the freight demands determine the size of the UCC. However, other factors – such as geographic environment, land price, urban buildings (Jaller et al., 2015), public facilities, road size, traffic conditions, the distance to urban areas, and residents’ reactions – can all strongly influence locational choices (Tánczos and Rónai, 2000). In addition, there are many factors unrelated to UL to be taken into account. For example, when scheduling a delivery plan, external constraints (e.g., national law, infrastructure, culture) should be considered (Lindholm and Behrends, 2012). In addition, the design of the road capacity and logistical facilities should reflect the future freight demand and goods movement in the city, as well as the connection of the city freight transportation with the intercity transportation network to avoid congestion (Tan et al., 2006, Dablanc, 2007).
Methods can be employed to improve the reliability of the planning process. The ‘light transferability approach’ is one popular option. This involves identifying and adapting to new scenarios and good practices from successfully implemented UL strategies. This method can reduce the costs incurred and investment required at the planning stage, but it has a high failure rate, owing to the complexity of ULNs. Each city has unique characteristics, and a solution adopted in one successful case may not return the same results in another. A consultation mechanism that involved multiple stakeholders in the planning would improve rates of acceptance and commitment, thus improving success rates (Österle et al., 2015). In addition, simulation techniques can be implemented to predict the outcome of the logistics plan (Comi et al., 2018). This study (Comi et al., 2018) used the tour planning tools for selection of the appropriate location for the delivery bay, based on analysis of the geographical and logistical demand information.
Jones Jr and Turner (2004) summarise five types of prevalent issues in logistics planning. First, lack of participants during the planning stage leads to difficulties in achieving a consensus between the different organisations involved. A detailed discussion of this issue is presented by Ballantyne et al. (2013). Second, there is often insufficient data to support the planning, leading to proposals that are ultimately inappropriate for urban freight transportation. Third, technic innovation will change the patterns of logistics activities, while such factor is usually not considering in the planning stage. Fourth, with limited effective analytical tools, there is no standard methodology for analysing the planning process in the context of city logistics, this issue is also brought out by Lindholm and Behrends (2012). Finally, planners usually have no professional knowledge and are not dedicated to working in the field of urban freight transportation. As a result, the target of a plan can be inappropriate as early as the design phase. This issue is also highlighted by (Dablanc, 2007).
[bookmark: _Toc34734493][bookmark: _Toc46053411][bookmark: _Toc46093325][bookmark: _Toc46093608][bookmark: _Toc66703183]Stakeholder engagement
These papers discuss the involvement of different actors in the formulation of SUL policies and practice. Two sub-topics are identified in this category: (i) stakeholder relationships, including bottom-up procedures for stakeholders’ participation; and (ii) policymaking, with studies devoted to the formulation of reasonable logistics policies through consideration of the needs of different stakeholders, from a top-down perspective.
Stakeholder relationships
It is agreed in the existing literature that mutual targets for different stakeholders is the key to long-term sustainability of logistics projects project (Katsela and Browne, 2019). However, Gammelgaard (2015) shows that the most difficult challenge is finding agreement between public and private stakeholders on sustainability targets, primarily because the different parties have conflicting objectives. For example, carriers seek lower operation costs and higher delivery rates, while authorities prefer to reduce noise and emissions, and consumers concentrate on the timely delivery of goods (Quak and Dekoster, 2007). Furthermore, no stakeholders are willing to sacrifice their economic interests for SUL environmental objectives. 
Friesz et al. (2011) employ the concept of ‘supply chain thinking’, whereby the efficiency of the entire supply chain is optimised, rather than the objectives of individual stakeholders (consumers, shipper, carrier). Their findings illustrate that the possibility of profit improvements across the entire supply chain is the only incentive for each stakeholder. A major issue when SUL solutions are implemented across supply chains is reward distribution, as some stakeholders may not receive adequate rewards for their contributions. Within this context, methodologies such as those of agent-based models (ABMs) can be used to investigate the configuration of stakeholders’ networks in UL systems. The remarkable feature of ABM is its ability to simulate the impact of multiple dimensions, such as public intervention (Baindur and Viegas, 2011, Maggi and Vallino, 2016), the behaviour of the stakeholders (Baindur and Viegas, 2011, Boussier et al., 2011), market factors (Baindur and Viegas, 2011), the status of freight flow among the agents (Taniguchi et al., 2003), and the performance of delivery channels between each agent in logistical systems (Teo et al., 2014). Although ABMs are a powerful modelling tool, their validation is often problematic, making it difficult to implement the suggested recommendations in the real-world (Maggi and Vallino, 2016).
Policymaking
Local and central governments act as organisers of urban logistical systems. In addition to providing infrastructures, such actors use policy and financial incentives to promote cooperative relationships between different stakeholders, even where participants are competitors (Ambrosini et al., 2013). The truck-sharing system in the USA, which reschedules delivery trucks for delivery companies through a public platform, is one example. This project significantly reduces the cost and number of trucks in city logistics when demand increases (Regan and Golob, 2005). The objective of government interventions is to reduce the negative social, economic, and ecological impact of UL (Stathopoulos et al., 2012). Policy and regulation are powerful tools with which the government can intervene in logistics activities. The alteration of urban policies can influence stakeholder behaviours in the supply chain, as well as the logistics activities in urban areas, as noted by Hensher and Puckett (2005). Hensher and Puckett (2005) also illustrate how a policy of financial incentives can reduce traffic congestion in cities, as the behaviour of members in the endpoints of a supply chain (suppliers or retailers) can be influenced by a policy to change their time slot of delivery. However, Jarl (2009) argues that a policy (such as emission charges) of increasing charges will not improve traffic conditions and could create an extra expense for all stakeholders in the ULN. Tretvik et al. (2014) found that restrictive policies can increase expenses for carriers; and consequently, such policies can encourage suppliers or retailers to choose green shipment to avoid the increased service price. Nuzzolo et al. (2016) conclude that an incentive policy (extending the time windows for commercial trucks) can encourage retailers to integrate their deliveries by the third-party logistics providers (3PLs). 
The policymaker must consider stakeholders preferences (Gatta and Marcucci, 2016). Good communication between city authorities and logistics companies can help to formulate a rational policy, especially in terms of land use and time windows (Muñuzuri et al., 2005). Even unimportant stakeholders should be involved in the policy design procedure to ensure that their needs are recognised in the decision-making system (Anderson et al., 2005). However, to date, there has been little involvement of private companies and small retailers in local transport policy-making processes, typically because they have limited understanding of policy design activities (Lindholm and Browne, 2013) and urban freight policy has only an insignificant impact on their business (Ballantyne et al., 2013). The new idea is to involve third-party institutions (for instance, universities and consulting firms) that have no business relationship with other stakeholders in the ULN to design sustainability policies and, consequently, achieve more acceptable results (Cui et al., 2015). 
Further research has explored the appropriate methods for evaluating the implemented policies. Stathopoulos et al. (2012) conclude that a survey could adequately identify the concerns and problems of different stakeholders. For example, a consultation of different stakeholders was launched in Paris to elicit views of on-street delivery bays (Dablanc et al., 2011a). Petersen (2006) provides another example, with a workshop held to bring different stakeholders into the design of new regulation for city logistics. Questionnaire distribution also helps policymakers to gather feedback from residents; and administrators can amend policies in response to public opinion, illuminated through polling (Gatta and Marcucci, 2014). For a comprehensive understanding of the effect of a particular policy, polls should be carried out multiple times, presenting the design and implementation process of the policy. Statistical tools can also act as supplementary methods to predict changes in residents’ opinions on various policies (Lindholm and Blinge, 2014). During the consultation process, the MCDM is an effective tool for eliciting the priorities of the stakeholder groups, based on quantitative ranking. Thereby enhancing the stakeholders engagement in consultation process (Lebeau et al., 2018).
[bookmark: _Toc34734494][bookmark: _Toc46053412][bookmark: _Toc46093326][bookmark: _Toc46093609][bookmark: _Toc66703184]Technology upgrades 
These papers evaluate the performance of the new technology and the benefits of introducing this into UL contexts. These papers fall into two sub-categories: (i) information technology (IT) and (ii) intelligent transportation systems (ITS). 
Information technology (IT)
Information technology (IT) can dynamically engage with LSPs by displaying real-time data. It can enhance schedule reliability and delivery flexibility (Ehmke and Mattfeld, 2010). Ehmke and Mattfeld (2010) used time-dependent planning methods to analyse real traffic data, then sent computed scenarios to drivers using telematics technology, thereby helping the drivers to choose the best routes. Arango et al. (2012) conclude that the implementation of such technology could enhance the profitability of logistics companies and improve communication between different stakeholders, including information exchange between logistical companies and the authorities. 
Intelligent transportation systems (ITS)
The integration of ITS into UL is an emerging research topic. Crainic et al. (2009) define ITS as ‘tomorrow’s technology, infrastructure, and service, as well as the planning operation, and control methods to be used for transportation of persons and freight’. Taniguchi and Shimamoto (2004) state that the most valuable functions of ITS for urban freight are represented by its ability to dynamically solve forecasting, scheduling, and routing problems. In this way, ITS can improve the performance of logistical systems by reducing travel distance and travel and service times, as well as alleviating the negative impacts on urban environments (Qureshi et al., 2012). Such systems allow governments to cooperate with individual logistical enterprises in ULNs. The real-time data exchange between the carriers and the government not only improves traffic conditions, but also benefits freight mobility. However, connecting UL systems with ITS requires complex technological upgrades (Cortes et al., 2013). Cortes et al. (2013) detail six device categories with which both infrastructures and freight vehicles should be endowed (Table 2‑7), though they note that these devices could significantly increase costs for logistics companies.
	Device categories
	Device in infrastructure
	Device in vehicle

	Locating
	Digital maps, geographic information systems (GIS), transport network databases
	Cell phone location, global navigation satellite system, auto-vehicle location

	Information acquisition
	Traffic detector, time monitors, automatic incident detection
	Automatic vehicle identification, vehicle checking and exploration

	Information processing
	Data  dictionaries, data fusion, data exchange
	On-board computers, digital maps machine

	Communication
	Fixed microwave links, optical fiber networks, beacons (DSRC), mobile network
	Digital radio tuners receivers, mobile receivers, highway radio ads, signal converters

	Information distribution
	Signals for dynamic messages, internet, telephony points
	Hands-free, personal digital assistance

	Information usage
	Incident detectors, demand management, traffic and congestion monitoring
	Routing guide, driver’s advanced support system
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From the macro environment, the city economy determines the volume of urban freight flows. At the same time, the interaction of this factor with the spatial pattern of the city influences the efficiency of UL, as well as the related planning/project to resolve the issues (Ogunsanya, 1982). Appropriate management of the demand for goods leads to greater efficiency in freight transportation. Using an accurate demand forecast, companies can configure the appropriate logistics resources for the urban distribution, thus reducing the lead time and operational cost (Sheu, 2006). 
The volume of demand not only influences vehicles’ travel distances (Crainic et al., 2015), but also affects retailers’ lead times (Holguín-Veras and Sánchez-Díaz, 2016). Additionally, categories and volumes of customer demand affect retailers’ restocking procedures. (Nuzzolo and Comi, 2014a) surveyed an urban area (300 households) to gather information on their requirements for goods, and they developed a simulation model integrating delivery methods and inventory management. The resulting model identified opportunities for carriers to reduce travel distances associated with online shopping demand.
From the perspective of sustainability, an accurate estimation of peak and off-peak periods, numbers and types of receivers to be delivered, and volumes and categories of goods shipped can help to reduce travel distance and driving time (Muñuzuri et al., 2009). A quantitative study conducted by Nuzzolo and Comi (2014b) analysed shipment size, freight traffic, and other relative variables (e.g., localisation of freight centres, characteristics of shops) to estimate the numbers of delivery trips. Sánchez-Díaz (2017) implemented a mixed-regression analysis using discrete choice models to estimate the number of delivery trips per week for different commercial sectors. 
A precise estimation of the numbers of delivery trips and/or trucks can support transport planning by policymakers. de Oliveira et al. (2017) used the mathematical GIS-based model – which combines demographic data, road network density, and socioeconomic data – to estimate delivery demand in number of trips per day in different regions of the city, thus helping transportation and public managers to formulate policy for regulating freight transportation. Aditjandra and Zunder (2018) used a multivariate analysis to assess university staff purchase demand, concluding that training in specific staff roles would benefit the university’s urban freight management. Liu et al. (2018) propose a new spatial organization model of supply–demand coordination to quantify the mismatch between the freight traffic flow generated by city logistics demand and road capacity. Their findings subsequently helped the LAs to plan appropriate road resources for UL in metropolitan areas. De Bakshi et al. (2020) evaluated how environmental variables of population density, commercial density, and land use influence freight trip generation, with the intention of identifying a clean and efficient delivery mode for areas of large habitat density and retail sector employment.
[bookmark: _Toc46053414][bookmark: _Toc46093328][bookmark: _Toc46093611][bookmark: _Toc66703186][bookmark: _Toc34734496]A Review of employed methods 
Lagorio et al. (2016) identify six primary categories of research method in the field of SUL: (1) quantitative modelling, (2) case study, (3) literature review, (4) experimental/piloting, (5) survey, and (6) simulation. 
Quantitative models are ‘compact representations where a single or multiple equations may describe the performance of the system for a large set of input functions and initial states’ (Lunze, 1998). In SUL, papers dealing with quantitative modelling include those developing empirical formulae, mathematical models, and solution algorithms.
The case study category includes both papers based on a single example and those detailing multiple examples. A single case study is often related to investigations of an exploratory nature. The work may also be conducted to verify the reliability of a quantitative study, and multiple case studies might aim to verify theories or produce more advanced conclusions. 
Literature reviews present an outline of the research body on a particular topic, with organised and definite methods applied to analyse and evaluate the associated studies. Experimental/pilot studies use samples to verify hypotheses, and they may involve statistical methods. 
In survey methods, questionnaires are employed to gather qualitative data (e.g., opinions and feedback) and quantitative data (e.g., rankings and numbers). The survey data can be used in descriptive and exploratory studies to reach authoritative conclusions.
Banks et al. (2005) describe simulation as follows: 
The imitation of the operation of a real-world process or system over time to develop a set of assumptions of mathematical, logical, and symbolic relationship between the entities of interest, of the system; and estimate the measures of performance of the system with the simulation-generated data.
In SUL, this method is used for ex-ante evaluations and ex-post analyses of city logistics solutions. Simulation work usually involves software packages that reproduce the functioning of logistical systems.
Figure 2‑6 illustrates how many papers utilise each of these methods. (A complete list of papers and their methodologies can be found in Part C of Appendix II.) It is clear that SUL research is dominated by quantitative modelling, case study, and survey, with two-thirds of the selected papers using one of these methods.
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The topic selection is based on the three categories of elements in terms of ‘gaps from literature’, ‘professional experience’, and ‘advisor or mentor’. These elements are deemed to be important factors that help to choose the right research topics (Corbin and Strauss, 2014). 
With regards to the first element, the above sections provide seven main categories of research dimensions in the field of SUL. The results obtained from the literature analysis demonstrate the research gaps in each aspect of the SUL research. For the freight movement optimisation, urban morphology is seldom considered. Limited study has investigated how the real urban environment (e.g. road size, shapes of the city centre, feasible infrastructure, etc.) affects vehicle movement. In addition, the impact of the seasonal event (such as temporary road closure/maintenance) on the optimisation of freight distribution in an urban area has not been well discussed. Meanwhile, these researches seldom optimise the vehicle routing problem in the context of reverse logistics activities.
For the researches about the new operating model of SUL, most of the literature focuses on discussing the potential environmental and financial benefits of innovative designing and ideas in city logistics. However, fewer studies disclose a variety of risks of these new operating models, such as risk in operational management. Limited studies in the field of alternative delivery methods discussed the consequence of implementing these new shipping methods on entire cities. In addition, the risk of these alternative methods at the strategic, tactical, and operational levels should receive more attention. For the studies about collaborative logistics, the internal competition between multiple LSPs (can also be multiple retailers and suppliers) has not been taken into account, since these agents could operate their own activity individually in order to maximise their own benefits, which would destabilise the collaborative network.
In the research field of performance evaluation, the concerning aspect of SUL focuses on the environmental impacts, such as the negatives externalities generated by logistics activities. However, the economic sustainability of any logistics initiatives is overestimated, though costs associated with emissions are considered as economic benefits of SUL projects in some studies. Conversely, the financial issues (e.g. profitability) that affected the long-term sustainability of the logistics project are neglected. Besides this, there are no adequate tools to precisely calculate the effects of an SUL project in the social aspect.
Planning issues are not a popular research topic in the field of SUL. The details of planning processes should receive more in-depth investigation so that a standard paradigm for SUL planning can be formulated. For example, a norm agenda for the planning of a logistics project should be proposed. The evaluation of planning outcome in urban logistics is always based on the qualitative description, however, a lack of research introduces numerical data/results to support the effectiveness of logistics planning. Therefore, a comprehensive performance evaluation should be proposed to demonstrate the effect of the planning strategy.
Stakeholders who have expertise in urban logistics should be involved in decision-making and project implementation phase to promote efficiency in the city logistics system. However, studies neither provide comprehensive stakeholder analysis to understand their needs, preferences and viewpoints nor disclose the effects of the stakeholder’s engagement. Another new research aspect is building trust among the stakeholders to mitigate their complexity of relations caused by the contradictory interests of stakeholders with various attributes. More seriously, stakeholders are normally unwilling to expose their preferences due to protecting the confidentiality of information. Therefore, adequate tools should be formulated to accurately measure the different preferences of stakeholders. Limited research aims to analyse private stakeholders’ (e.g. residents, LSPs, retailers) perception about urban logistics initiatives, including regulation and innovative project. In the policy-making process, the stakeholders’ willingness to adapt restrictive policy should get depth analysis - such an issue is significantly affecting the successful implementation of the issued policy. 
Considering the second element, three papers of literature reviews also summarise five promising research topics for investigation in the field of UL: reasonable policymaking (Anand et al., 2015), perspective of stakeholders (Anand et al., 2014, Lagorio et al., 2016), cooperation logistics, technological innovation, and new delivery models (Lagorio et al., 2016, Savelsbergh and Van Woensel, 2016). As such, contemporary research projects should follow this trend, as well as introducing innovative elements. 
This PhD research considers UCCs as a unit of analysis, as UCCs are pivotal SUL facilities in which the above research gaps exist in such a facility. Moreover, UCC management involves all the essential dimensions (new technologies, new operating systems, stakeholder engagement needs) highlighted in the literature review papers. Compared to other logistics solutions, a UCC is a pivotal facility that could simultaneously generate both economic and environmental benefits. In addition, such kinds of benefits could be enjoyed by all participantes as well as associated parties (e.g. receivers, suppliers). However, the implementation of UCC facilities is not always successful in practice, with numerous problems still awaiting resolution, and many UCCs fail during the trial stages.  In order to have an in-depth understanding of the issues of a UCC, a comprehensive literature review should be conducted. The findings from the literature review could also indicate further solutions for the issues of UCCs. For the reasons cited above, the management of UCCs is a fascinating topic.
Regarding the third element, selecting the UCC as the research topic was done in accord with the suggestions of the supervisory team. In specific, this research is partly supported by the ProSFeT project (Promoting Sustainable Freight Transport in Urban Contexts: Policy and Decision-Making Approaches), which organised by University of Sheffield. Thus, data collection was conducted on the UCCs provided by this project. In addition, due to the researcher’s own personal network, the department of logistics in Wuhan University of Technology was able to provide data from UCCs in the Chinese UL market. As a result, this research provides a comparative investigation of UCCs in both the EU and Chinese markets based on primary data. 
In this section, the topic classification process revealed that 23 papers focused specifically on UCCs and were published before the year of 2019: equivalent to approximately 10% of the total (253 papers) published on UL (reviewed in 2019). This indicates that the study of UCCs received moderate attention. For the purpose of having a full insight into the UCC network, a dedicated literature review into the UCC domain should be conducted. The details are shown in the next section.
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The literature on UCCs in the field of SUL is now presented to identify relevant research gaps. In the body of the literature considered in the previous sections, UCCs are explicitly considered in just 23 papers (Table 2‑8). As this is not sufficient to highlight any research gaps, a specific keyword search procedure was performed to find more articles in the field of UCC management. 
	08, 22, 26, 43, 49, 57, 62, 75, 78, 88, 112, 121, 132, 136, 141, 143, 184, 185, 189, 221, 228, 237, 247


[bookmark: _Ref34397217][bookmark: _Toc490574366][bookmark: _Toc490415028][bookmark: _Toc491870116][bookmark: _Toc34674936][bookmark: _Toc34734728][bookmark: _Toc46053542][bookmark: _Toc46093791][bookmark: _Toc66698759]Table 2‑8: Papers in the literature on urban consolidation centres (UCCs)
This further work was helpful in gaining a deeper understanding of the current research on UCCs. The paper search and selection process were the same as that described in sections 2.1 and 2.2. In order to deepen the search, this chapter also looked for UCC-related papers where the sustainability dimension was not specifically accounted for. For this reason, these papers did not appear in the previous search. The selection of new keywords was based on the above 23 articles, and the screening criteria were as follows:
1. Keywords such as ‘urban distribution centre’ and their synonyms (e.g., ‘city distribution centre’, ‘urban consolidation centre’, etc.) 
2. Keywords related to the operational model of UCC networks (e.g., ‘two-echelon delivery systems’)
	Inclusion criteria
	Description

	Keywords
	‘urban consolidation centre’, or ‘city distribution centre’, ‘urban distribution centre’, or ‘two-echelon delivery systems’, or ‘two-echelon delivery network’

	Language
	English

	Source
	Scopus

	Document type
	Journal article and conference paper

	Restriction
	Article title, Abstract, Keywords

	Time interval
	2007-2019
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Table 2‑9 shows the search criteria used to gather the papers. As a result, 114 papers (Appendix III Part A) were selected for use in the literature review and each was given a unique identifier from ‘1B’ to ‘114B’. Figure 2‑7 shows an increase in the number of relevant publications, with 64 papers appearing between 2007 and 2017. Since 2012, papers on UCCs have been published significantly more frequently than in the previous five years. The fluctuations in 2013 and 2019 were due to the removal of invalid papers during the paper selection process. 
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The selected 114 papers were classified by research topic, based on the five topic categories proposed by Björklund and Johansson (2018). First, ‘stakeholders’ refers to those papers discussing stakeholder involvement in terms of collaboration and the tools or measurements employed to support the framework of stakeholder participation. The second category is ‘design of distribution structure’, which refers to the changes in the traditional delivery mechanism and the emergence of new delivery patterns in the UCC network. Third, the category of ‘design of transport resources’ is those papers investigating the outcome of replacing the conventional vehicle by alternative delivery methods or clean-fuel vehicles for urban distribution in the UCC service area. Fourth, papers in the category of ‘environmental and social considerations’ investigate how UCCs promote environmental and social sustainability or resolve particular issues. Finally, the category of ‘economic considerations’ refers to those papers that explore the economic benefits and issues of the UCC project. In addition to these five, a category of ‘literature review’ was introduced for those papers that review previous articles and UCC cases. 
Although Björklund and Johansson (2018) provide a sound framework for the research topics, their study takes a global view of the categories and does not discuss the topics in detail. Our literature review thus provides a supplemental element to their work.  Table 2‑10 details the categories and themes of the reviewed papers.
	Category
	Theme
	Papers

	Stakeholders
	Mention stakeholders
	3B, 4B, 6B, 9B, 11B, 17B, 20B, 22B, 25B, 26B, 29B, 30B, 34B, 45B, 72B, 73B, 74B, 83B, 86B, 87B, 88B, 95B, 105B

	
	Stakeholder collaboration in urban consolidation centre (UCC) initiatives
	6B, 9B, 25B, 26B, 30B, 34B, 35B, 36B, 39B, 87B, 105B

	
	Stakeholder involvement/support in research study
	2B, 6B, 7B, 9B, 30B, 36B, 37B, 40B, 42B, 58B, 67B, 83B, 87B, 105B, 111B, 112B, 113B

	Design of distribution structure
	Practical contribution
	3B, 4B, 5B, 7B, 11B, 12B, 17B, 18B, 26B, 30B, 66B, 73B, 74B, 86B, 96B, 110B, 114B

	
	Localisation of urban consolidation centre (UCC)
	19B, 21B, 24B, 38B, 41B, 63B, 65B, 76B, 77B, 78B, 81B, 98B, 99B

	
	Route planning and optimisation
	19B, 21B, 24B, 27B, 38B, 41B, 43B, 75B, 76B, 78B, 80B, 81B, 97B, 98B

	Design of transport resources
	Change in vehicle fuel
	10B, 57B, 59B, 61B, 77B, 97B

	
	Intermodal transports
	1B, 10B, 12B, 61B, 68B, 73B, 79B

	Environmental and social considerations
	Driving forces
	14B, 31B, 53B, 74B, 84B, 89B, 91B, 100B

	
	Changes in environmental and social dimensions
	10B, 14B, 15B, 16B, 20B, 23B, 28B, 40B, 44B, 45B, 47B, 50B, 64B, 75B, 78B, 79B, 82B, 90B, 93B, 94B, 97B, 98B, 101B, 102B, 106B, 107B, 108B,109B

	Economic considerations
	Urban consolidation centre (UCC) as a cost driver or reducer
	13B, 16B, 23B, 25B, 26B, 27B, 29B, 40B, 44B,47B, 48B, 49B, 50B, 52B, 54B, 57B, 61B, 64B, 67B, 77B, 78B,79B, 82B, 95B, 98B, 101B, 106B, 107B,109B

	
	Economy of scale
	22B, 25B, 27B, 29B, 40B, 48B, 49B, 51B, 55B, 69B, 72B, 85B, 88B

	
	Who should finance
	22B, 33B, 48B, 51B, 55B, 72B

	Literature/case review
	------------
	5B, 7B, 8B, 32B, 33B, 35B, 46B, 56B, 60B, 62B, 70B, 71B, 92B, 103B, 104B
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As summarised by previous studies, suppliers, LSPs (intercity carrier and local carrier), UCC operators, receivers, and LAs (Browne et al., 2007, van Duin et al., 2010, Van Rooijen and Quak, 2010, Allen et al., 2012, Malhene et al., 2012, Verlinde et al., 2012, Allen et al., 2014, Battaia et al., 2014, Nordtømme et al., 2015b, Kin et al., 2016, Van Duin et al., 2018) are the main stakeholders in the UCC facility. Based on their respective attributes, these stakeholders can each be defined as either public or private sectors (Gonzalez-Feliu and Morana, 2014). In addition, another classification is derived from the (Freeman et al., 2010) stakeholder theory, which defines stakeholder groups as either primary or secondary, using a two-layer wheel map. The primary stakeholders are located in the inner layer of the wheel, where they create the value and support the business of the UCC project. The secondary stakeholders are located in the outer layer of the project, and their behaviour can affect the UCC business and operations. A basic stakeholder map for the UCC is depicted in Figure 2‑8.
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Much of the literature highlights the importance of collaborative partnerships between stakeholders in a UCC network (Gonzalez-Feliu et al., 2014a, Österle et al., 2015, Gonzalez-Feliu et al., 2018). (van Heeswijk et al., 2019) indicate that when enough numbers of stakeholders join a UCC system, then this UCC system can obtain a win-win situation between UCC and the intercity carriers and receivers (the UCC could achieve self-sustaining status due to the sufficient income; also, all subscribers can acquire cost savings as the shipping costs per unit decrease) owing to the economies of scale. Besides financial effect, UCC can generate advantages from the perspectives of traffic, logistics operation, and the environment - which benefits all participants and associated parties (Allen et al., 2012).
Nevertheless, one drawback of the UCC project is the high possibility of a loss of consumers’ economic benefits due to the additional goods handling stage in the supply chain (Oliveira et al., 2012). According to the current literature and state-of-practice, the most widely adopted payment mechanism requires each agent to undertake their cost individually in an UCC based FTC. It causes the stakeholder (e.g. LHCs) to make decision on whether to join the UCC project separately, which exacerbates the UCC’s financial issues as stakeholders will quit such system if stakeholders have to individually confront extra cost generated by the UCC (Battaia et al., 2014). These stakeholders’ objectives are heterogeneous (Aljohani and Thompson, 2018, Gatta et al., 2019a), which leads to conflict during operations. Nordtømme et al. (2015b) identify key barriers to the implementation of UCCs, and these stems primarily from factors of regulation, finance, society, culture, and institutions. The researchers also note that differences in targets and ways of achieving goals frequently lead to conflict (Table 2‑11).
	Stakeholders
	Objectives
	Ways of reaching objectives

	LSPs
	Profitability
	Reducing transportation costs 

	Supplier
	Profitability
	Increasing business volume, reducing operation costs, increasing logistics efficiency

	Receivers
	Lowest price, on-time delivery
	Choice, assessment, complaints

	Administrators
	1. Revitalisation of the city
2. Low environmental impact
3. Low financial expenditure
	Policy and regulation

	UCC Operators
	Maintaining profitability
	Lower operating cost, more participants
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Results from previous studies provide examples of this kind of issue. For instance, competitive relationships between carriers create challenges to collaboration in the UCC (Estrada and Roca-Riu, 2017). From an operational perspective, although there are economic and environmental benefits to involving multiple carriers, doing so reduces logistics efficiency (Simoni et al., 2018). Furthermore, even when carriers can reduce their costs by participating in the UCC, these companies still believe that the UCC occupies a partial market, leading to a decrease in their profits (Duin et al., 2016). It is difficult to involve new receivers in a UCC project. The decision to adopt the service varies depending on the types of goods-receivers (Marcucci and Danielis, 2008). Ljungberg and Gebresenbet (2004) show that it is difficult for UCCs to provide an adequate service to meet the requirements of a wide consumer base (e.g., both individuals and retailers in the city). Such requirements concern the categories and volume of goods, as well as time schedules and frequency of deliveries. Marcucci and Danielis (2008) also illustrate that UCCs are not suitable for consumers who generate large volumes of freight. Furthermore, clients reject UCCs if adoption would require them to change their conventional business models (dell'Olio et al., 2017). Dell’Olio et al. (2017) also found that an increased price charge discourages receivers from participating in the project, as receivers are sensitive to cost. 
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Jacobsen and Madsen (1980) first proposed a delivery mode that uses a transfer station (transit point) between the sender and the receiver. They define the optimisation of such a delivery mechanism as the two-level routing-location problem. In mathematics, ‘nodes’ represent senders, receivers, and the transit point, and the route between them is referred to as an ‘edge’ (Ahyja et al., 1995). The route between senders and the transfer station is defined as the primary route, and the route between the transfer station and the receivers are the secondary route. Multiples of these routes can form a so-called two-echelon logistical network. 
The targets and methodologies of VRP research for the UCC are the same as those of the UL research (Section 2.3.3). The principle of a two-tier city delivery network is to transfer goods from long-distance vehicles to smaller ones, increasing loading rates for both types of vehicle, and thereby reducing fuel consumption and emissions per parcel. Table 2‑12 provides examples of reviewed papers on the two-echelon VRPs.
	Topics
	Methodology
	Additional features
	Reference

	Vehicle-routing problems (VRPs)
	Mixed-integer linear programming model
	Cross-docking management
	(Dondo et al., 2011)

	Vehicle-routing problems (VRPs) with time windows
	Variable neighbourhood search and Tabu search
	Multiple urban consolidation centres (UCCs)
	(Escuín et al., 2012)

	Location-routing problems (LRPs)
	Greedy randomised adaptive search procedure
	Learning process and path relinking
	(Nguyen et al., 2012)

	Vehicle-routing problems (VRPs)
	Adaptive large neighbourhood search (ALNS) heuristic
	______
	(Hemmelmayr et al., 2012)

	Location-routing problems (LRPs)
	Mixed-integer linear programming model
	______
	(Muñoz-Villamizar et al., 2014)

	Vehicle-routing problems (VRPs) with vehicle-capacity restriction
	Heuristics
	______
	(HIOHI et al., 2015)

	Location-routing problems (LRPs)
	L-shaped algorithms
	Simulation approach
	(Dell'Amico and Novellani, 2017)

	Location-routing problems (LRPs)
	Biased randomisation – CWS heuristic
	Multiple fleet cooperation
	(Nataraj et al., 2019)
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Further enhancements to these frameworks have been made. Hamidi et al. (2012) propose a three-tier VRP network, adding another transfer point to the route between UCCs and consumers to reduce waiting times and congestion issues (Figure 2‑9). 
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Replacing conventional vehicles with alternative methods of city distribution can strengthen the ability of a UCC to mitigate the sustainability issues in an urban area. Hyard (2013) presents a pilot case in which a UCC acts as the connection point in inter-modal transportation, with a boat used for urban delivery in Amsterdam. A combined delivery employing the urban rail network (e.g., tram and train) and a UCC can also contribute to sustainability, owing to the large carrying capacity and low emissions (Zych, 2014). A detailed review of the pilot cases of rail delivery was conducted by (Alessandrini et al., 2012), alongside a case study of the rail delivery model, and these found that integrated train transportation results in lower levels of cost and air pollutants than conventional vehicles.
The cargo bike or tricycle is another popular delivery method used with micro-UCCs (mini-hubs). Due to the low capacity of cargo bikes, micro-UCCs located in or near its service area are required to facilitate the circulation of the bike delivery (Browne et al., 2011). Although the travel distance per parcel is longer for the cargo bike/tricycle than for the conventional vehicle, these tools significantly mitigate the environmental and social issues (e.g., reducing road occupancy and emissions) in an urban area (Browne et al., 2011). The cargo bike has significant advantages in terms of improving delivery efficiency in conditions of high congestion (Simoni et al., 2018). In addition, Kin et al. (2018) indicate that the operational cost of bike delivery is lower than that of vehicle delivery when dealing with a small volume of freight demand.
van Duin et al. (2010) highlight eco-vehicles as the key success factor for UCC projects, as this tool can further improve the environmental performance of the UCC. In the London case, studied by Browne et al. (2011), EVs reduced fuel utilisation and air pollution. Simoni et al. (2018) illustrate that the EV’s technical features (speed, capacity, operational costs) make the vehicle suitable for delivery in congested areas. Owing to restrictions on loading capacity and battery life, EVs increase operational costs for long-distance routes (Lebeau et al., 2015). The hybrid vehicle has shown promise for resolving these issues, having the potential to promote higher cost savings and lower emissions (Lebeau et al., 2015). 
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To the best of our knowledge, Browne et al. (2007) conducted the first comprehensive UCC evaluation work based on four categories of indicators: (1) performance of logistics and supply chain changes, (2) social and environmental impact of UCC vehicle activity, (3) vehicle activity, and (4) goods operating activity. Patier and Browne (2010) propose a systematic framework of economic, environmental, and social indicators for UCC performance evaluation. Their study used a scoring approach to assess the quality of the evaluation results of the Bristol - Bath UCC, as well as identifying the important indicators to be considered. Gonzalez-Feliu and Morana (2014) filtered the primary sustainability indicators from an overview of the literature, categorising them as the ‘4As’ of sustainable transport vision: awareness, act and shift, avoidance, and anticipation. Based on the indicators, they implemented a two-phase group decision-making process to measure the pooling solution of logistics under multiple stakeholders’ collaborative framework. In the research of UCC location selection, Gogas and Nathanail (2017) propose a framework of indicators to achieve optimum solutions from the perspective of economic, environmental, and social concerns. Their indicators can also be used in an MCDM process to consider the different attributes of the various stakeholders.
It is clear that establishing a UCC will improve the environmental and social performance of urban delivery (Browne et al., 2005). Table 2‑13 shows the environmental and social criteria focused on in existing research, which indicates the potential achievements of UCCs with respect to environmental and social dimensions.

	Criteria
	Reference

	Air pollutant emission
	Browne et al. (2011); Correia et al. (2012); Gonzalez-Feliu and Morana (2014); (Daniela et al., 2014); Moutaoukil et al. (2015)
; Nocera and Cavallaro (2015); (Clausen et al., 2016); Saetta and Caldarelli (2016); Firdausiyah et al. (2019)

	Travel miles
	Browne et al. (2011);(Chen et al., 2012); Correia et al. (2012); Jacyna (2013); Russo et al. (2013); Faure et al. (2016); Moutaoukil et al. (2015); Rabe et al. (2019)

	Travel times
	Correia et al. (2012); Jacyna (2013); Russo et al. (2013); Gonzalez-Feliu and Morana (2014); Rabe et al. (2019)

	Vehicle numbers
	Correia et al. (2012); Russo et al. (2013); (Daniela et al., 2014); Rabe et al. (2019)

	Number of delivery trips
	(Daniela et al., 2014); Moutaoukil et al. (2015); Rabe et al. (2019)

	Truck-loading rate
	Moutaoukil et al. (2015); Rabe et al. (2019)
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The three primary methodologies used in the above research are survey, the mathematical model, and simulation. The survey approach is a common means of comparing results from before and after the establishment of a UCC (Browne et al., 2011, Correia et al., 2012, Gonzalez-Feliu and Morana, 2014, Nocera and Cavallaro, 2015, Clausen et al., 2016). The mathematical model (Chen et al., 2012, Jacyna, 2013, Russo et al., 2013, Daniela et al., 2014, Moutaoukil et al., 2015, Faure et al., 2016) and simulation (Teo et al., 2015, Saetta and Caldarelli, 2016, Firdausiyah et al., 2019, Rabe et al., 2019) are employed for ex-ante evaluation of UCC planning or analysis of the potential outcomes of proposed UCC scenarios.
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Browne et al. (2011) investigated a UCC that used EVs and cargo tricycles to reduce operational costs, including: capital, fuel, insurance, excise duty, maintenance, and drivers. For the participating inter city carriers, a UCC can simplify their delivery process (Van Rooijen and Quak, 2010). Furthermore, delivery costs can be reduced by optimising delivery routes (Jacyna, 2013) and delivery times (Moutaoukil et al., 2015). Aastrup et al. (2012) illustrate that a UCC can personalise delivery schedules for the participating retail stores. Thus, the UCC reduces the human resources and other resources that these stores invested in the logistics planning. A UCC can also generate benefits for the participating goods receivers in an urban area since the flexible service can be provided to facilitate both the forward and reverse logistics processes according to the customers’ requirement of time-windows and delivery frequency (Paddeu, 2017). A UCC can offer value-added services, such as inventory management, goods storage, and ordering processes to facilitate the in-store logistics activities (Browne et al., 2005; Allen et al., 2012). For instance, as indicated by Lin et al. (2016), the renting costs of retailers can be reduced if the retailers set their storage space in the UCC which is located far away from the commercial area. Since UCCs generate benefits for private stakeholders such as customers in urban area (e.g. retailer stores, restaurant, office, etc.) and intercity carriers, in turn, these private stakeholders should finance to UCCs (Allen et al., 2012).
Customer density, demand quantity, facility location, and vehicle type can all significantly affect the economic performance of a UCC (Chen et al., 2012). For example, Faure et al. (2016) illustrate that urban morphology influences delivery routing, which indirectly influences operational costs. A minimum number of UCC subscribers are required to achieve financial sustainability (van Duin et al., 2010, Ville et al., 2013, Gonzalez-Feliu et al., 2014a). This is primarily because many UCCs carry both high initial investment (Quak and Tavasszy, 2011) and operational costs (Simoni et al., 2018). In practice, the massive economies of scale associated with a high volume of users and sufficient logistics demand are key to the success of a UCC (Björklund et al., 2017). These elements can generate large gains for UCCs (Kin et al., 2016) and reduce the logistics cost per shipment (Chen et al., 2012). 
While UCCs provide great environmental and social advantages, their financial sustainability, along with their transition to autonomously-funded projects, which are not heavily relying on governmental support, is a challenging proposition. Even if governments invest considerable capital in the initial stage of the UCC project, this might not achieve long-term sustainability (Allen et al., 2012). Historically, the low volume of users subscribing to UCC facilities has caused financial issues; indeed, most of these schemes have been implemented voluntarily. As such, it is hard for UCCs to achieve financial availability through service fees (Paddeu, 2018). Five main factors can produce such issues: 
· Given the extremely fragmented nature of the urban freight transport market (in which a plethora of small companies and self-employed drivers operate) (Paddeu, 2018), it is difficult for UCCs to capture significant market shares in last-mile logistics (van Duin et al., 2010, Allen et al., 2014). Moreover, Morganti and Gonzalez-Feliu (2015) found that a considerable amount of informal logistics activity is carried out by wholesalers, suppliers, and shopkeepers, leading to inefficiencies in UCC implementation. Lastly UL services cannot all be undertaken by one or two UCCs, as there are numerous kinds of goods which UCC cannot handle (Browne et al., 2011).
· Due to the need to introduce further sorting and merging processes, UCC schemes might generate extra fees for all the actors involved in the entire supply chain (Van Rooijen and Quak, 2010, Allen et al., 2015). This is an obstacle for UCC users, including LSPs and receivers, as long-term participants in the project ((Allen et al., 2007, Nordtømme et al., 2015b, Van Duin et al., 2018)). In addition, since the relationship with the facility is usually voluntary, thus the customer can easily quit the project if they feel they are not deriving any benefit from it (e.g., cost savings and service efficiency) (Allen et al., 2012). 
· In addition, as profit margins in the urban freight market are generally low, shippers are reluctant to join UCC projects and to hand over one of the most lucrative portions of their value chain to an external entity (Van Rooijen and Quak, 2010).
· Many carriers might already autonomously achieve high truck-load rates; as such, they can realise efficient shipments. This will prevent them to subscribe to UCC facilities (Olsson and Woxenius, 2014). 
· Many UCC projects are originally built for experimental purposes; such attempts generally exhibit a weak stakeholders’ engagement and communication during the planning stage, making the transition to a fully operational project extremely difficult (Tsiulin et al., 2017).
Besides the above-mentioned issues, high fixed costs (typically faced by LAs) represent another financial constraint for UCC projects (Quak and Tavasszy, 2011). LAs might be able to set up UCCs thanks to grants or external funding (Duin et al., 2016, Paddeu, 2018); however, many UCC projects suffer losses from the very initial stage of their operations, failing to reach commercial viability (van Duin et al., 2010, Janjevic and Ndiaye, 2017a). LAs normally give financial support to UCCs to reduce the risks posed by required investments and market forces (Allen et al., 2012, Zhou and Wang, 2013, Lebeau et al., 2017, Simoni et al., 2018). Subsidies are used to develop UCC projects and encourage potential users to subscribe (Verlinde et al., 2012, Simoni et al., 2018, van Heeswijk et al., 2019). The subsidies can even cover 40% of the total expenditure of an UCC, as stated by Duin et al. (2016). As a result, the numbers of clients increase in the short term (Ville et al., 2013). However, permanent subsidisation is not appropriate due to the financial burden on local government. As illustrated by Paddeu (2017), when the subsidy is terminated, UCCs struggle to maintain their financial status and, if they operating independently in the freight transport market, the extra cost leads users to abandon the project (Browne et al., 2005, Duin et al., 2016, Kin et al., 2016). For the purpose of promoting the adoption of UCCs, LAs might need to use restrictive policies (such as congestion and emission charges), in order to force LHCs to join such schemes, or to penalise them from an economic point of view (Allen et al., 2012, Ville et al., 2013, Björklund et al., 2017); however, imposing such measures could generate legal feuds between LAs and private companies. 
Inadequate payment mechanisms also create financial difficulties, as reported by Allen et al. (2012): some UCCs only charge the payment from the receiver, upstream carriers are not involved in the payment mechanism. As only a single category of agent is involved, it results in insufficient income for the project. 
Cost-allocation mechanisms for UCCs
Much of the current literature on UCC pays particular attention to the cost allocation problem. According to the current literature, the most widely adopted cost-sharing mechanism requires operators and LAs to assume economic and financial responsibility for UCC operations. Such mechanisms might cause low uptake rates (e.g. for LHCs) and exacerbate UCC financial issues (Battaia et al., 2014). As such, the current expectation for local governments is to find ways to promote responsibility sharing for UCC operations, in such a way to produce shared allocations of logistics costs, with the main aim of sustaining the viability of UCCs (Browne et al., 2005, Marcucci and Danielis, 2008, Allen et al., 2012). Specifically, LAs should seek to build coalitions aimed at involving more stakeholders in the functioning of UCC facility, through participatory cost-sharing mechanisms. The pivotal role of cost-sharing policies to share financial burdens among a wider set of different classes of stakeholders (including Suppliers, Long-haul Carriers, Retailers) and successfully implement advanced consolidation-based logistics strategies were widely evidenced in the literature (Schaffer, 2000, Kurnia and Johnston, 2001, Guajardo and Rönnqvist, 2016, Verdonck et al., 2016).
As such, cost allocation rules should span across individual stakeholders’ business boundaries, implementing extended responsibility rules capable of providing a comprehensive view of the whole logistics chain. Also, cost allocation mechanisms should provide rules for sharing the overall cost of the logistical activities taking place within the UCC network, involving all stakeholders in a multi-tier position according to fairness and efficiency principles. In practice, complex negotiations are required to enable the distribution of costs and benefits among agents (Kurnia and Johnston, 2001). Considering this, models and methods aimed at performing such allocations could be of help to policy-makers willing to adopt UCC solutions in urban contexts. 
Guajardo and Rönnqvist (2016) performed a very detailed review of cost-allocation methods in transportation problems, albeit not restricting their focus to the urban setting (and, therefore, to UCCs). In particular, collaboration or cooperation might be expressed through the willingness of sharing logistical resources or accepting the negative externalities due to freight transportation activities. Cooperation might involve different tangible and intangible assets; how to distribute profits or how to allocate costs is the key problem for setting up such collaborations. According to Guajardo and Rönnqvist (2016), cooperative game-theoretical models are particularly suited for solving this type of problems. Within this context, the most employed game-theoretical approach is the one based on the concept of core. Such a concept (and its ad-hoc developed variations) appears one of the most naturally adaptable ones to the transportation context, given its property of individual rationality. Such a property can very naturally describe the desired tout court stability of the collaboration among the members of the logistical network (see, for instance: Dai and Chen (2012), Padilla Tinoco et al. (2017), Hezarkhani et al. (2019)).
Let (N,υ) be a pair where N is the set of players and the function υ is defined of the superset of N. The function υ(T) describes the value of collaboration of players in a given subset T⊆N. The pair (N,υ) is called a Transferable Utility (TU) game. Classical solutions address an aggregation issue, trying to summarise information from TU games into single allocations/payoffs assigned to each of the players. Within this context, the individual rationality property of the core incorporates the desirable incentive to joining a coalition, meaning that each participant is better off with the collaborative allocation than with its initial endowment υ(i). 
Among the other approaches which have been employed for promoting collaboration among stakeholders engaged in a logistics system, Guajardo and Rönnqvist (2016) also cite the study by Vanovermeire et al. (2014) based on the Shapley Value (Shapley, 1953).
Shapley (1953) succeeded in providing the following four conditions on the transformation from a TU-game into an allocation that can be fairly said to be natural:
· The symmetry axiom: if two participants equally contribute to the worth of any coalition, i.e. υ(T), then they must have the same Shapley value. 
· The efficiency axiom: the sum of individual Shapley values must be equal to the worth of the whole grand coalition.
· The dummy-player axiom: A participant who does not contribute to any coalition must have a null value. 
· The additivity axiom: let us have two TU games on the same set of players. For each TU game, each player has a Shapley value. Let us construct the sum-game of the previous two games. Then, individual Shapley values of the sum game are equal to the sum of the two initial Shapley values. 
The Shapley value has been also used for sharing mechanisms in transportation as a form of incentives for companies to join the full collaboration, even if it does not necessarily satisfy individual rationality (Vanovermeire et al. (2014)).
Dai and Chen (2012) study the stability multiple carriers’ alliance if carriers share their transportation requests, vehicle capacities in order to increase vehicle utilization rates and reduce empty back hauls; they employ the Shapley value to re-allocate profits among the multiple carriers. This is done as to maintain the stability of the alliance among carriers. Significantly, the authors prove that the Shapley value is in the core. As also shown by Dahlberg et al. (2019), if an allocation mechanism satisfies both fairness and individual rationality properties, then there is good hope to provide strong incentives, successful at making stakeholders collaborate. 
Hezarkhani et al. (2019) study the relationship between a UCC and its suppliers; collaboration here is intended as stakeholders’ willingness to process goods through the UCC, in order to reduce the unit costs for UCCs through the achievement of economies of scale. Profits achieved by the UCC profits are shared with participants in order to provide an incentive aimed at fostering collaboration. 
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[bookmark: _Toc490415383][bookmark: _Toc490484789][bookmark: _Toc490485340]To understand the operating issues that affect UCCs, this chapter analyses real-world implementations in various cities and seeks solutions to the UL challenges. The first step in this section is to identify the relevant secondary data sources, including government reports, white papers, and project reports. Based on the gathered data, the UCCs’ SUL performance is discussed.
Table 2‑14 provides a list of the resources from which the UCC case studies were selected. During the filtering process (Appendix IV), those cases without clear data descriptions were removed. When the values were not consistent for different files, the qualitative descriptions were used. Areas of missing or incomplete data are left blank in the following discussion. Appendix IV provides a complete classification of the analysed UCC cases, based on their type and achieved performance across a wide range of indicators, also formulating a synthetic judgement on the success of the initiative.
	Project/Source
	Sponsor
	Name of the report

	ENCLOSE
	The project funded by the European Commission under the Intelligent Energy – Europe (IEE) programme 
	‘Guidelines: Developing a Sustainable Urban Logistics Plan’

	SUGAR
	A project funded by the Central European Initiative
	‘Sustainable Urban Goods Logistics Achieved by Regional and Local Policies’

	CIVITAS

	CIVITAS is a network dedicated to cleaner, better transport in Europe and beyond, financed by the European Commission (EC)
	‘Cluster Report 4: Logistics and Good Distribution’

	
	
	‘Policy Recommendations’

	TURBLOG
	The TURBLOG project concerns the transferability of urban logistics (UL) concepts and practices, from a worldwide perspective
	‘Urban Logistics Practices Synthesis of Selected Case Studies’

	TURBLOG
	
	‘Business Concepts and Models for Urban Logistics’

	TURBLOG
	
	‘Transferability Guidelines and Evaluation’

	Buchanan and Partners Limited
	A consulting company for different businesses
	‘Sustainable Urban Distribution (Draft Report)’

	Transport & Travel Research Ltd
	A company working for world-class transport and mobility solutions that underpin tomorrow’s economy and society

	‘Freight Consolidation Centre Study (Main Report)’

	The NYURUDIN Centre for Transportation Policy and Management
	The Rudin Center for Transportation Policy and Management at NYU Wagner explores challenges in transportation and infrastructure
	‘Urban Distribution Centres: A Means to Reducing Freight Vehicle Miles Traveled’

	Transport for London
	The company providing public transportation in London
	‘Rethinking Deliveries Report’

	University of Westminster
	International Conference for Urban Distribution Centres
	‘Urban Freight Consolidation Centres (Final Report)’

	University of Paris-Est
	International Conference for Urban Logistics
	Project SOLUTIONS webinar series ‘City Logistics’

	Hans Quak
	2nd Innovation in Urban Freight International Workshop
	‘Urban Consolidation Centres, A Viable Business Model and Their Role in Electric Powered City Logistics’


[bookmark: _Ref46830855][bookmark: _Toc66698765]Table 2‑14: Resource list for urban consolidation centre (UCC) real case reviews
[bookmark: _Toc490823585][bookmark: _Toc490484790][bookmark: _Toc490415384][bookmark: _Toc491894845][bookmark: _Toc34734507][bookmark: _Toc46053425][bookmark: _Toc46093339][bookmark: _Toc46093622][bookmark: _Toc66703196]Urban consolidation centres (UCCs) classification
Browne et al. (2005) divided the real-world cases into the three broad categories of study based on their targeted market areas: neighbourhood (district), town-wide, and site-specific. Table 2‑15 provides the details of the classifications.
	Urban consolidation centre (UCC) type
	Description

	Neighbourhood
	The facility is responsible for a small area

	Town-wide
	The facility is used to deliver to the whole city (or even the area around the city)

	Site-specific
	The facility is designed for a specific industry


[bookmark: _Ref26979281][bookmark: _Toc490928518][bookmark: _Toc490415036][bookmark: _Toc491870122][bookmark: _Ref26979739][bookmark: _Toc34674943][bookmark: _Toc34734735][bookmark: _Toc46053549][bookmark: _Toc46093798][bookmark: _Toc66698766][bookmark: _Toc477972785][bookmark: _Toc477867178]Table 2‑15: Urban consolidation centres (UCCs) classification (Browne et al., 2005)
This research involved a multiple-case study that investigated two operational UCCs in Sweden and two in China. One of the Swedish cases is a neighbourhood UCC built in Stockholm city centre to serve the business area and handle normal parcels. The other Swedish case is a site-specific UCC, which tranships the construction materials into the Stockholm Royal Seaport. Both of the investigated Chinese cases are town-wide UCCs in Wuhan. The first one delivers medicine and medical equipment, and the other is responsible for the transhipment of cold-chain products.
A neighbourhood UCC is normally built to serve a particular district of the city (e.g., a commercial district or business district). The size of their service area is small (1-2 km2). Alan et al. (2010) found that neighbourhood UCCs are usually set up for experimental purposes. There are various reasons for that. First, these UCCs are easier to build than the site-specific variety, as they do not require professional equipment or manpower. Second, the experimental results and conclusions are universal, due to the broad range of clients, including retailers, residents, and restaurants in their service areas. Third, government policies can directly intervene in and influence the operations. Most UCCs with an experimental purpose design their operating models based on previous research findings and theories (Browne et al., 2005). The two significant features of these UCC are (1) their use of innovative technology and equipment and (2) their testing of new operational models. However, the economic benefits and the reliability of freight delivery are not the primary considerations of experimental UCCs (Dablanc et al., 2011b). Town-wide UCCs are established to handle the goods delivered to the entire city. These UCCs are either implemented in the city logistics systems for sustainability purposes (e.g., mitigating environmental and social issues) or built to earn profits for the investors. The report of the ‘Directory of London Construction Consolidation Centres’ indicates that, although site-specific UCCs represent a small proportion of the total, they each have a strong financial status. This type of UCC is either profitable or expected to become so in the coming years. This sound financial status is owed to a stable number of customers, as many of these customers are obligated to participate in the project. Furthermore, the site-specific UCC has a single business structure, such as only serving construction sites (London construction UCC) or retailers (Meadowhall), which reduces the additional expenses associated with operating a different business. Customers normally receive benefits from the UCC project. Such positive results attract more customers, which increases the volume of business (Dablanc et al., 2011b).
[bookmark: _Toc66703197]Urban consolidation centres -  a taxonomy
This section presents the main findings of the UCC’s features. These include elements proposed by Tario et al. (2011), which includes: ownership, public support, services spatial coverage, location, and transportation solutions and vehicles, among others. 
Ownership
According to the grey literature review, this section identified three main types of UCC ownership: private (including solo-private owned and joint ventures), public-private partnerships (PPP), and publicly owned. Private UCCs are usually led by the LSPs without the involvement of any public institution. The solo privately owned project is established by one freight company capable of imposing a consolidating business alone. In the joint-venture UCC, either different LSPs cooperate in the UCC for joint delivery or different companies set up a new ‘company’ to neutrally handle the goods from these companies. The PPP project is a formula that involves building the UCC by engaging both private and public agents (local governments, chambers of commerce or related institutions). There are two variations of this scheme: (i) public and private agents invest in a new company together; or (ii) the LAs accredit an agreement with some existing local carrier, while public funding usually supports this project. Publicly owned UCCs usually receive investment by the local government and are operated by one or more private companies that win a public tender.
Public support
Public support is given to both neighbourhood and town-wide projects, while governmental intervention varies from one type to another. General public support includes financial subsidies, which includes start-up subsidies and price compensation. Start-up subsidies are used to launch the project, supporting facility renting, worker recruitment, and equipment purchasing. In some cases, the start-up subsidies continue until a critical mass of users is reached and the UCC becomes self-sustaining. Since many UCCs implement the low-price strategy for the UCC service fee to attract the customers at the beginning of the project, their income cannot cover the entire cost of the project. Consequently, public funding is also used as the price compensations to cover losses in the UCC project. 
Besides the subsidies, LAs can enact the traffic regulation to support the UCCs, such as setting restrictions on the vehicles that access the urban area (e.g., time-windows, congestion charge, weight restrictions). These restrictive measures are implemented because acceptance of UCCs is discretionary. Restrictive measures could increase freight companies’ shipping costs for the last-mile delivery so that increasing the acceptability of potential UCC users for subscribing the services from UCC and remaining competitive of UCC project in the local freight market. On the other hand, some positive measures have also been implemented, such as (1) LAs sharing the proven advantages with their publicity channels to attract new participants; (2) LAs grant some kinds of privilege to the UCC’s vehicles using parking areas and roads.
The results from reviewed neighbourhood UCCs and town-wide UCCs reveals that, for the purpose of minimising governmental interference in free-market competition by creating monopoly or oligopoly conditions, municipal laws prevent LAs from prohibiting all direct deliveries in the urban area to support these two kinds of UCC project. For this reason, the acceptance of neighbourhood and town-wide UCC is voluntary. However, some site-specific UCCs are compulsory (e.g., the UCC at Heathrow airport). This kind of UCC system is developed through collaboration between the local authority and the landlord. In this compulsory framework, the landlord can manage the logistics activities of different UCC customers (e.g., shops, restaurants). Thereby, the landlord sets the UCC as the sole entrance for freight vehicle flows.
Services 
Most of the neighbourhood and town-wide UCCs were established to handle parcels only. These parcels come from couriers. The UCC replaces the couriers and distributes their parcels to the destinations in the urban area. Parcels do not usually require specialised treatment during the sorting and delivery process. Sometimes, goods with added value are distributed later, when the UCC has proven useful or increased its output and reduced its operating deficits. Many site-specific UCCs deliver goods that require special treatment (e.g., perishable food). For this, the UCC charges an extra upfront cost to purchase additional infrastructure and dedicated vehicles.
In addition to the consolidated deliveries, many UCCs also provide a range of value-adding services. These additional services are conceived as a means of improving the attractiveness of the UCC, as well as generating additional revenues in many cases. Table 2‑16 lists the specific additional services of the UCCs.
	Types of additional services
	Details

	Stockholding
	The UCC warehouse provides goods storage services for the retailers, restaurants, and hotels.

	Inventory management
	The UCC integrates with the retailers’ systems, which provides a useful local buffer stock that can be replenished timely when needed, thus reducing delivery lead times, improving product availability and customer service, and reducing stock loss.

	Business-to-customer (B2C)
	The UCC offers pre-retailing activities for small/independent customers, such as consignment unpacking, preparation of products for display, and price labelling. 
The UCC offers intra-city express services, such as inter-store transfers, home delivery, and customer collection of products purchased in town. 

	Reverse logistics
	The UCC has a role in the handling of return and recycling flows, including product returns and the coordination of waste and packaging collection for recycling


[bookmark: _Ref60136960][bookmark: _Toc66698767]Table 2‑16: Additional service of urban consolidation centres (UCCs) 
Location of UCC
For the town-wide UCCs, most of the facilities are located in the outskirts (e.g., logistics zones) and close to the highways. For the neighbourhood UCCs, the facilities can be sited either in their service area or outside the city. For the site-specific UCCs, their locations are in or close to the location of the UCC’s customers. The selection of the location may be determined by land prices, environmental performance, or the traffic generation of the UCC itself.
Clean delivery methods
The selected clean vehicles have included those powered by biofuel, compressed gas, and electricity. A large proportion of UCCs are equipped with clean vehicles for urban delivery. There are three main reasons for this strategy: (1) some UCCs have enjoyed substantial funding from the EU or national policies by which experimentation with and testing of new technologies are encouraged; (2) UCCs are usually embedded in broader sustainability policies, which most local governments would like to make as visible as possible to their citizens, and clean vehicles are useful for this role; and (3) the engagement of local authorities in the UCCs allows for higher upfront costs, which cleaner vehicles are likely to contribute to. 
Cargo bicycles (or cargo tricycles) are suitable for short-distance deliveries, and the neighbourhood UCCs can be equipped with these to serve small urban areas. The advantages of the cargo bicycle are (1) it has high efficiency for deliveries in historic neighbourhoods and high-density, urban areas with narrow streets; and (2) they are not restricted by urban transport policy, as they generate zero emissions and have no road occupation.
[bookmark: _Toc491894848][bookmark: _Toc34734508][bookmark: _Toc46053426][bookmark: _Toc46093340][bookmark: _Toc46093623][bookmark: _Toc66703198]Discussion
As shown in the synthetic table in Appendix IV, most UCCs build for experimental purpose and close down when the research task is complete (Browne et al., 2005). Only a few of them are transferred to the operational project. Experimental UCCs are more concerned with sustainability indicators than with economic rewards; whilst operational UCCs are concerned with surviving the fierce market competition. Businesses and services are therefore given more consideration in the operational UCC model. To achieve the best results, different measures can be implemented for testing purposes in different scenarios of the experimental UCC. However, in the operational UCC, each measure must be well considered before application to avoid negative impacts.
Even some experimental UCCs successfully transfers to a operational project, many of them are terminated for different reasons, A number of operational UCCs fail due to the errors or mistakes in the pre-assessment stage, such as the case in Brussels (Dablanc et al., 2011b). Nevertheless, most UCCs progress on environmental indicators, though many are closed for financial reasons (Vahrenkamp, 2016). Problems often arise following the exhaustion of project funds (Kin et al., 2016), with investors choosing not to cover financial losses (Duin et al., 2016). The primary reason for this issue is that the extra goods handling process creates additional costs in the freight transport chain. While this promotes environmental and social benefits for the city, it does not add value to the logistics activities. 
Indeed, it is difficult for different stakeholders to acknowledge the UCC’s achievemt. Private stakeholders (retailers, carriers, and suppliers) value the economic performance of the UCC, this factor prevents them to the participant the project and share the extra cost generated by UCC. Therefore, the number of users in practice is lower than the values estimated during planning. On the other hand, many UCCs are unable to achieve adequate freight demand for break-even volume. From one perspective, the additional costs exacerbate this issue. From another perspective, UCCs can only process a limited number of goods, whilst the business of urban freight relies on diversity. In addition, the UFT market segment is already held by other logistics companies, which squeezes the UCC market share. Another barrier not revealed in the industrial report but mentioned elsewhere in the academic literature is that the price setting of the UCC depends on the carrier’s cost saving in the urban delivery. However, as the value of the cost saving is very limited, the UCC must implement a low-price strategy and, as a result, struggles to cover its expenses.
Operational problems are another cause of UCC failure. First, service efficiency levels often fail to meet customer requirements. Indeed, for customers, the UCC service quality is low compared with that of the logistics services. Many users report that UCCs cannot provide flexible services that meet their requirements for delivery-time windows. Second, UCCs struggle to balance the interests of stakeholders (Duin et al., 2016). 
A third reason is the low acceptance of this project by residents in the city. Potential users are sometimes unwilling to change their conventional business patterns due to lack of awareness of the importance of social and environmental improvements. Furthermore, some psychological behaviours prevent citizens from participating in innovative projects; for example, as illustrated by Gonzalez-Feliu et al. (2014b), there is the ‘NIMBY’ mindset (Not In My Back Yard), which describes the rejection by some of new infrastructure. 
[bookmark: _Toc490823589][bookmark: _Toc490484794][bookmark: _Toc490415387][bookmark: _Toc491894850]Finally, weak legitimacy leads to opposition by LSPs, who believe that the government should not be using public funds to establish ‘logistics competitors’ for them. Thus, LSPs see the UCCs as damaging to the interests of private companies, which generates strong opposition from industry lobbies (Duin et al., 2016).
[bookmark: _Toc34734509][bookmark: _Toc46053427][bookmark: _Toc46093341][bookmark: _Toc46093624][bookmark: _Toc66703199]Research gaps 
Much research indicates that the UCC network is a collaborative environment that involves both private and public stakeholders. All the stakeholders should develop a common agenda and strive for the same goals while considering their objectives. They also explain that a sound collaborative environment can promote the sustainability of UCCs. However, these studies emphasise that such collaborations are only based on the environmental and social considerations, which therefore requires the private stakeholders (e.g. intercity carriers, receivers) to undertake the social responsibilities but neglects the potential negative effects of UCCs on the business of private stakeholders. In fact, economic barriers will discourage participation of private stakeholders (such as goods receivers and LSPs), as monetary benefits are ultimately more important to them. If the economic benefits of private stakeholders are damaged due to the UCC project, it is easy to lose their support for such a project, which consequently causes the UCC project to be terminated. Most studies ignore the potential economic rewards that stakeholders can receive through participating in UCC projects. Therefore, it is necessary to build a collaborative UCC system that will enable all stakeholders to be aware that UCCs can generate benefits in all three dimensions of SUL. Considering this, stakeholders’ engagement events should be organised for stakeholders to exchange their opinions and express their concerns. Relying on such an approach, UCC projects can be well configured to contemplate the commercial interests of the stakeholders. Thereby these stakeholders can support the sustainability of UCCs together. As the outcome of stakeholders engagement, stakeholders can agree upon how they will initiate UCCs, share costs and risk and develop ideas concerning what other policies and initiatives they need in place in order to increase the effectiveness of UCCs (Akgün et al., 2019a).
A meaningful stakeholders engagement should be organised to allow all stakeholders to take responsibility for the sustainability of UCCs. However, limited research recognises how important the stakeholders engagement is in constructing a sound collaborative network between different types of stakeholders. Furthermore, limited studies have discussed both the process and outcomes of the stakeholders engagement. Specifically, there is a lack of research examining how these collaborations are formed and which stakeholders tend to be included. Few previous studies have characterised the features of these relationships between various kinds of stakeholders. As a result, there is an insufficient elaboration of the variation in stakeholders’ targets, interests, costs, and rewards. Although stakeholder conflicts are noted by many studies, the features of these conflicts are rarely captured, nor are the reasons for the emergence of the conflicts are exposed. In addition, few studies measure the differences in stakeholder preferences to indicate the diversification of different stakeholders’ opinions.  
Financial issues have been highlighted in some research. Many studies emphasise the large initial investments in a UCC and the extra operational costs generated in the supply chain. Although some articles have classified these expenditures, few studies have sketched the cost components related to different logistics activities. Current cost analyses are normally based on in-operating cases, with limited research assessing financial feasibility during the planning stage through accurate cost estimation. 
On the other hand, current academic research does not shed light on the financial issues caused by a lack of users. When this issue happens, and causes insufficient income for a UCC, the local authorities must cover the shortfall. As a result, the financial burden of the local authorities is increased. Limited investigations proposed solutions for UCCs to deal with such critical circumstances. In addressing such issues, the key point is to involve more categories of stakeholders who tend to support UCCs. This is because the function of the UCC was due to the efficiency of the market and not just for environmental issues. However, current mechanisms just require individual LHCs to join UCC schemes. Therefore, UCC facilities operators, or LAs (which mainly act as sponsors of the project) need to assume the financial responsibility for UCC operations. Such mechanisms might cause low uptake rates (e.g. for LHCs) and exacerbate UCC financial issues (Battaia et al., 2014). As the outcome of stakeholders engagement, local authorities must formulate and implement reasonable policies in the payment mechanism, to ensure the overall sustainability of a UCC. However, no article found the theoretical foundations to support the legitimacy of the policymaking to involve different stakeholders. In addition, little research has been devoted to cost-sharing models that could efficiently and fairly share the cost between stakeholders. 
[bookmark: _Toc490415388][bookmark: _Toc490823590][bookmark: _Toc490484795]Strategic decision support systems (that can also be utilised by other stakeholders in the industry), which provide some sort of scenario-planning functionality, could be useful in the strategic design phase. With this specific functionality, a decision-maker (such as a transport planner with a city council) could identify the expected financial status of the UCC by calculating the hypothetical demand for last-mile delivery services (in terms of typical incoming trucks per day and number of customers to be served, with their operating time windows). For this reason, adequate tools capable of addressing financial issues relating to the investment planning phase, rather than just operational issues (concerned with the day-to-day functioning of established logistical platforms), are necessary for promoting project planning.
[bookmark: _Toc46053428][bookmark: _Toc46093342][bookmark: _Toc46093625][bookmark: _Toc66703200][bookmark: _Toc491894851][bookmark: _Ref27561177][bookmark: _Toc34734510]Research questions
This study aims to address the shortcomings described above and those identified in the literature and the industrial reports. The study focuses on three primary research questions (PRQs), including four sub-questions (SQ). The first primary research question (PRQ1) is associated with UCC cost structure. The second primary research question (PRQ2) deals with the stakeholder engagement process. The third primary research question (PRQ3) addresses the financial issues of UCCs through the cost sharing strategy. The last section aims to integrate the cost structure and cost sharing principle into a GIS based software, which helps the UCC planners to estimate the UCC cost as early as the planning stage.
PRQ 1: How to accurately estimate the financial performance of UCC during the project planning phase?
Explanation: In this section, this research refers to previous literatures to design the cost structure for the UCC. Depending on the variables and functions listed in the reviewed articles, this research proposes that the cost of a UCC comprises categories of fixed costs and variable costs, according to their properties. The variable cost is then distributed based on the logistics activities (e.g., goods handling, distribution, receipt). This research seeks to develop a formula-based approach to calculating these costs. The results will allow decision-makers to estimate financial feasibility during the project planning stage. In the end, this research use a small experiment to validate the feasibility of these proposed formulas.
PRQ 2: How to promote the stakeholders engagement in a UCC facility?
SQ1: What are the details of stakeholder engagement process when establishing urban consolidation centre (UCC) projects in different countries?
SQ 2: How to evaluate the heterogeneity of stakeholders’ objectives in urban consolidation centres (UCCs)?
Explanation: Under the framework of SQ1, the logistics profile (LP) in the service area of the urban consolidation centre (UCC) will be illustrated at beginning. Then, a comprehensive stakeholders analysis will be implemented to demonstrate the ways in which to organise different stakeholders in different urban consolidation centre (UCC) projects. It includes an analysis of stakeholder engagement in terms of motivations for participation, tools for gathering sufficient users, and approaches to integrating different stakeholder interests. The last section will reveal the features of stakeholder partnerships in different urban consolidation centres. Besides this, stakeholder partnerships in the UCC will be mapped to compare the advantages and disadvantages generated by the different partnerships.
In response to SQ2, for the purpose of engaging stakeholders properly, their different preferences need to be understand. This SQ includes three subsections. Firstly, it is essential to carefully select the relevant criteria that can indicate both positive and negative elements of the UCC implementation. Meanwhile, appropriate indicators for the identified criteria will be defined. Secondly, appropriate methodologies for combining multiple, conflicting, decision-making criteria aimed at measuring the heterogeneities of different stakeholders will be adopted. Specifically, an MCDM method will be used to quantify stakeholder preferences; after this, non-parametric testing is conducted to analyse the degree of divergence between stakeholder preferences. The quantitative results from these tests can enable a straightforward comparison of the degree of stakeholder collaboration in the different cases. Lastly, thematic analysis is conducted to investigate what kind of conflicting stakeholder interests may arise in the UCC, as well as the reasons cause the conflict on actions of one stakeholder towards another. The data analysis approach in the last sub-section will combine the qualitative information gathered during interviews with different stakeholders and the quantitative results from the MCDM and non-parametric tests. 
UCC planners could identify the potential issues and conflicts between different stakeholders in the project by addressing the PRQ2. Therefore, appropriate actions can be implemented for the purpose of improving stakeholder engagement so that stakeholders’ trust could be enhanced in the project.  Based on such achievement, sustainable models of risk and profit allocation will be designed for the sustainable development of the facilities. 
PRQ 3: How to develop novel methods and models for cost and risk allocation among the UCC stakeholders? 
SQ3: What is the justification for the engagement of different stakeholders in a cost allocation mechanism?
SQ4: How would reasonable models of cost allocation among stakeholders participating in UCCs be defined?
Explanation: In response to financial issues caused by insufficient volume of consumers (a problem discussed frequently in articles and industrial reports), part of the UCC costs can be allocated to upstream and downstream stakeholders. Addressing the SQ3 will enhance the justification of different stakeholders to share the UCC’s cost. Here, this research refers to previous studies that propose that relevant stakeholders have a responsibility to resolve the sustainability issues, and these studies support the legitimacy of involving different stakeholders in the cost allocation. To tackle SQ4, a cooperative game theory approach is used to formulate fair and efficient cost allocation rules for the stakeholders in the upstream and downstream relationships. A case study is conducted to test the feasibility of this cost allocation rule. PRQ3 is addressed with regard to mitigating financial issues by promoting stakeholder engagement. 
A Decision Support System for the strategic planning of urban consolidation centres
[bookmark: _Toc490823591][bookmark: _Toc490484796][bookmark: _Toc490415389]Formulae designed to address PRQ1 will be embedded in a decision support system. Planners can then estimate the financial performance of a UCC in potential scenarios according to the pre-inputted variables in terms of location, workforce planning, consumer volumes, and fleet size. As a result, this decision-making tool can facilitate decision-making in the planning stage by providing a useful estimate of the investment required and its potential financial reward. Planners can also better understand the potential reasons for financial difficulties.
[bookmark: _Toc490823592][bookmark: _Toc490484797][bookmark: _Toc491894853][bookmark: _Toc34734511][bookmark: _Toc46053429][bookmark: _Toc46093343][bookmark: _Toc46093626][bookmark: _Toc66703201] Chapter summary
This chapter reviewed the articles in the research field of SUL and UCCs. In addition, a grey literature review was conducted. Combing the academic findings and industrial issues, this research considers internal issues of stakeholder engagement, collaborative frameworks, and financial difficulties. It also identifies gaps in the existing literature and proposes a number of research questions. The following chapters will discuss the methodologies chosen to investigate these problems.


[bookmark: _Toc34734512][bookmark: _Toc46053430][bookmark: _Toc46093344][bookmark: _Toc46093627][bookmark: _Toc66703202]Methodology
[bookmark: _Toc490823595][bookmark: _Toc460086053][bookmark: _Toc490415391][bookmark: _Toc490484800]This chapter provides an overview of the methodological approach used in this thesis, emphasising the research philosophy and data collection process. In addition, details of the theoretical and modelling frameworks are provided.
[bookmark: _Toc491894855][bookmark: _Toc34734513][bookmark: _Toc46053431][bookmark: _Toc46093345][bookmark: _Toc46093628][bookmark: _Toc66703203]Research philosophy
This research followed an operational research (OR) paradigm. As indicated in Section 2.9, this thesis includes two major parts. In the first part, this study hopes to use a combined approach, which integrates AHP with Thematic Analysis, to measure the agreement and explain the categories and reasons for the conflicts between different stakeholders in the UCC. In the second part, an innovative cost allocation method with Shapley value characteristics form is developed and implicated to mitigate the financial burdens of a UCC. As this work is based on operational research (OR) methodologies, the models are implemented for practical issues, rather than to test specific hypotheses or put forward new theories (Jackson, 1993). Miser (1997) stresses that OR seeks to formulate new models and algorithms and has characteristics more closely correlated with engineering than with social science. This type of research is devoted to the resolution of problems using a mathematical modelling approach (Papoulias, 1984). Therefore, no specific paradigm of social science research is linked to OR (Meredith et al., 1989). 
Neither philosophical paradigm of positivism or interpretivism is suitable for application in OR. Manson's (2006) design research paradigm is more relevant to OR than to other types of social science philosophy, and it is applied here as a philosophical perspective. Manson (2006) defines design research as ‘a process of using knowledge to design and create useful artefacts, for instance: models and methods’. Vaishnavi and Kuechler (2004) compared design research with positivism and interpretivism in terms of their respective ontology, epistemology, axiology, and methodology (Table 3‑1).
	Basic Belief
	Positivist
	Interpretivist
	Design research

	Ontology
	A single reality; knowable, probabilistic
	Multiple realities,
socially constructed
	Multiple, contextually
situated alternative
world states; socio-technologically enabled

	Epistemology
	Objective, dispassionate;
a detached observer of truth
	Subjective; i.e. values
and knowledge emerge
from the researcher-participant interaction
	Knowing through making: objectively constrained construction within a context; iterative circumscription reveals meaning

	Methodology
	Observation, quantitative, statistical
	Participation, qualitative; hermeneutical, dialectical
	Developmental;
measures artefactual impacts in the composite system

	Axiology
	Truth: universal and
beautiful; prediction
	Understanding: situated
and descriptive
	Control; creation;
progress (i.e., improvement); understanding


[bookmark: _Ref30090598][bookmark: _Toc490928521][bookmark: _Toc491870124][bookmark: _Toc34674945][bookmark: _Toc34734737][bookmark: _Toc46053551][bookmark: _Toc46093800][bookmark: _Toc66698768]Table 3‑1: Philosophical assumptions of positivist, interpretivist, and design research
[bookmark: _Toc46053432][bookmark: _Toc46093346][bookmark: _Toc46093629][bookmark: _Toc66703204]Theoretical lens of the Thesis
[bookmark: _Toc46053433][bookmark: _Toc46093347][bookmark: _Toc46093630][bookmark: _Toc66703205]Origin of stakeholder theory
[bookmark: _Hlk44365074]Stakeholder theory was first proposed in 1960s, during which time the executives of firms considered their business activities as separate from their business ethics. Stakeholder theory is derived from the concept of the “responsibility principle”, which requires the business decision of the firms to consider its moral responsibility and business ethics. In the beginning, such a proposition was not accepted by some groups (e.g. shareholders), as many firms did not want to invest resources in other irrelevant activities. Indeed, the opposition to the “responsibility principle” arise owing to the defending on the basis of capitalism values:  ‘private ownership of the means of production and their operation for profit (Zimbalist and Sherman, 2014)’. An argument from Shareholders Theory (Friedman, 1970) stands on this point, which declares that:
‘In a free-enterprise, private-property system, a corporate executive is an employee of the owners of the business. He has direct responsibility to his employers. That responsibility is to conduct the business in accordance with their desires ... There is one and only one social responsibility of business - to use its resources and engage in activities designed to increase its profits’
Friedman’s theory (1970) highlights that the value of an enterprise is dependent on the investment from the shareholders. Furthermore, Friedman (1970) believes shareholders’ interests are bounds up with the interests of the firm. Therefore, maximising the interest of the shareholders will also increase the profit of the firms. 
However, the shareholders theory ignored many externalities which could influence the business performance of the firms. Since many emerging challenges hamper the managerial efficiency of firm, the justification of the shareholders theory is criticised (Stead et al., 1999). As summarised by Jensen (2002), the profits of a firm can be impacted by some factors such as, human resources, advanced knowledge, corporate reputation, technology, etc. The opinion that shareholders (with their capital) are the group that determines the development and undertakes the risk for the enterprise, has been doubted by society. In this context, a number of studies recognised that stakeholders could influence the business performance of a firm; the importance of “stakeholders’ support” to the firm was firstly put forward by Ansoff (1965). His study (Ansoff, 1965) proposes a ‘narrow’ stakeholders theory in order to sync the firm’s objectives with its internal stakeholders’ concerns. These stakeholders includes managers, workers, stockholders, suppliers, and vendors, who are considered to be influencing the firm’s interests (Ansoff, 1965). During this period, the studies about the stakeholder’s theory focused on two aspects, in terms of (i) clarifying the types of stakeholders that can affect the survival of enterprises, and (ii) evidencing the rationality of stakeholders’ engagement. For the former aspect, the interaction between stakeholders and firms draws attention from researchers. On this basis, the stakeholder’s types extend to the “individuals or groups which depend on the company for the realization of their personal goals and on whom the company is dependent” (Rhenman, 1973). After this, the categories of stakeholders are further expanded to “anyone invested and involved in, or affected by, the company: employees, environmentalists near the company’s plants, vendors, governmental agencies, and more (Freeman, 1984)”. These scholars indicate that the development of firms is reliant on different groups of “stakeholders” rather than the shareholders. For the latter aspect, the ‘System Approach’  (Churchman, 1968) interpreted the necessity and rationality for firms to cooperate with the stakeholders. It indicates that any organisation is not independent to its network but interrelated with all the elements outsides its boundary. In a network, firms can only achieve a suboptimal result if solelyfocusing on the enterprise's own development. When enterprises commence to consider external factors, they can make the entire network optimal. Therefore, increasing the stakeholders’ benefits can also protect the self-interests of enterprises. Such a view is emphasised by Ahlstedt and Jahnukainen (1971):‘Mutually beneﬁcial stakeholder relationships can enhance the wealth-creating capacity of the corporation.’ 
The mutual benefits between stakeholders and firms are considered as the legitimacy for the firms to respect their stakeholders’ interest. Since this theory has been proposed, many companies recognise that stakeholder treatment can prevent the firm from ‘value-destroying’ consequences generated by stakeholders’ negative reactions (Post et al., 2002) such as  legal suits, adverse regulation, consumer boycotts, strikes, walkouts, and bad press (as summarised by Freeman et al. (2010)). Thus, a firms operational costs and risks associated with the above events can be reduced by well considering the stakeholders’ benefits.
At this stage, stakeholder theory acts as an instrumental tool which aims to improve the business performance of firms. To some extent, stakeholders’ interests (excluding the shareholders) are deemed to be constraints on the self-interest of companies. This is because of dichotomy logic which indicates that the executives of the firm have fiduciary duty to its shareholders’ interests and had nonfiduciary duty for the firm’s stakeholders. Stakeholder theory just persuaded the executives to contemplate ethical values that associated to wider kinds of stakeholder interests when running a firm. In other words, stakeholder theory can exist with, but be separate from, the management of the firms.
[bookmark: _Toc46053434][bookmark: _Toc46093348][bookmark: _Toc46093631][bookmark: _Toc66703206]Freeman’s stakeholders theory 
Prior to Freeman’s (1984) book: ‘Strategy Management: A Stakeholder Approach’, stakeholders have received limited attention from the executives in the strategy planning of the firms, compared to other elements that are expected to generate significant profits for the firms. Conversely, Freeman highly emphasises on the influences of stakeholders on the firm. Freeman believes that the major objective of a firm is no longer just to maximise the profits (create value for shareholders), but to create value for all its stakeholders. He argues:
“The task of executives is to create as much value as possible for stakeholders without resorting to trade-offs. Great companies endure because they manage to get stakeholder interests aligned in the same direction.”
On this basis, Freeman defines the concept of stakeholders as ‘Any group or individual who can affect or is affected by the achievement of the organization's objectives’. Freeman indicates that the efficient business approach for firms is not simply being for their self-interest but working with different organisations to create value together. Therefore, organisations should get involved and think about the how their objectives will impact their stakeholders. 
According to Freeman’s theory (1984), many literatures classified the stakeholders into various groups according to stakeholders’ attributes. For example, Frederick (1988) classified the stakeholders into direct interest groups and indirect interest groups. Direct interest groups have direct relationships with the firms in the market (e.g. customers, employee, competitor), which can influence the business performance of the firm. However, indirect interest groups do not (e.g. government, media). As stakeholders are socially constructed (Fineman and Clarke, 1996), stakeholder groups themselves cannot be assumed to be either homogeneous or stable because the individuals who constitute them belong to, and interact with, more than one group. All the scholars believe a ‘normative’ discipline that stakeholders are not equally important, although they have an equal right to express their opinions (Freeman et al., 2010). Mitchell et al. (1997) propose the framework of ‘stakeholders salience’ to measure the extent to which a stakeholder is important to a project. The stakeholders salience is constituted by three elements, in terms of the ‘Power’, ‘Legitimacy’, and ‘Urgency’. Through a score-based approach, such a framework helps executives understand who a stakeholder in specific conditions should be, as well as which stakeholders’ opinions must be considered or even which resources are allocated to satisfy their requirements. 
The feasibility of the “value creation for all stakeholders” is based on interest intersections among each pair of stakeholders, in terms of suppliers, employees, communities, and shareholders. The core principle of the strategy planning for the firm is to make all the interests of the stakeholders move in the same direction. However, the challenge is that the initial interest of stakeholders can result in conﬂict. Even in the same organisation, such inherent conflicts can emerge between different stakeholders owing to these stakeholders’ various expectations. Indeed, it is impossible to ask the executives/ firms to create as many values as possible according to stakeholders’ various requirements. Compromised solutions should be formulated in order to make sure all stakeholders’ interests can be converged (Freeman et al., 2010). 
Freeman et al. (2010) highlight three main principles that can address the stakeholders’ conflict and promote the success of the stakeholders-based business strategy: 1) Stakeholders should be well engaged and be committed to the common objectives of the business. Each stakeholder in a community should understand who they create value for and what kind of values they should create. 2) Executives should construct mechanisms to effectively organise and manage the relationship of different stakeholders. The relationships among stakeholders should be well managed, which balances the interests of stakeholders to ensure each one receives a certain degree of satisfaction. 3), The “transaction cost” owing to involving multi-types of stakeholders should be emphasised. Achieving agreement of different stakeholders should be considered as the approach to create value, rather than the outcome of the strategy planning. The strategy planners should reduce the transaction cost (profit loss) caused by the bargaining process between different stakeholders. However, there is a common issue among the above three principles - that no effective and normative method can be conducted to balance the interests of different stakeholders at tactical level.
[bookmark: _Toc46053435][bookmark: _Toc46093349][bookmark: _Toc46093632][bookmark: _Toc66703207]Corporate social responsibility (CSR)
In the1960s, the concept of CSR arose at about the same time as the stakeholder theory. There is a large variety of definitions of CSR based on the standpoints. This research employs the CSR concept which is derived from the theory of ‘business ethics’, which requires the corporation to implement measures to undertake the responsibility for the society (Freeman et al., 2010). Specificically, investing additional resources to promote the development of society regardless of whether it is rewarding for the company. On this basis, this research accepts the definition from Sheehy (2015): CSR is a type of international private business self-regulation, that aims to contribute to societal goals of a philanthropic, activist, or charitable nature by engaging in or supporting volunteering or ethically-oriented practices.
Carroll (1979) indicates four categories of a firm’s CSR, corresponding to various expectations from society, which should include economic, legal, ethical, and discretionary aspects.
	Categories of CSR
	Details

	economic responsibilities
	the basic obligations of business to produce goods and services that society wants and to sell them at a profit

	legal responsibilities
	the idea that corporations should respect – as part of the “social contract” between business and society – “the ground rules – the laws and regulations – under which business is expected to operate

	ethical responsibilities
	beyond economic and legal requirements, business should consider “additional behaviour and activities that are not necessarily codified into law but nevertheless are expected of business and society’s members

	discretionary responsibilities
	those responsibilities that are “at business discretion” – such as making a philanthropic contribution – since they do not respond to a clearly defined need or expectations by society (avoiding donating to a charity would not be considered a violation of an ethical norm), but still do respond to general societal expectations.


[bookmark: _Toc46053552][bookmark: _Toc46093801][bookmark: _Toc66698769]Table 3‑2: Types of CSR
According to the summarising from Freeman (2010), CSR can be reflected on as applying the concept of stakeholder theory to non-traditional stakeholder groups which are usually deemed as having an adversarial impact on the ﬁrm. Implementing CSR in a firm requires executives to abandon the ‘maximising profit’ logic. Therefore, for a community with multiple stakeholders, the overall objectives of these stakeholders should also be extended from just the economic area so that stakeholders should have an obligation for social development. In the economic aspect, undertaking CSR could be considered as a tool which enables the firm to respond successfully to an uncertain and continuously changing economic, social, and political environment. Based on this, the CSR could be an action to increase the firm’s reputation and market opportunities (Venkataraman, 1997). Ackerman (1973) indicates that the successful firms will be those that can achieve both social responsiveness and good economic performance in the future. Many studies (summarised by Freeman (2010)) also demonstrate that there is a positive correlation (maybe very slight) between the ‘social’ and ‘economic’ dimensions of business. Therefore, investing in the CSR could be considered as pursuing the benefits from the future.
Munilla and Miles (2005) depict a CSR continuum that has three modes of engagement with stakeholders: compliance, where CSR investments are considered as the cost of normal business; strategic, where CSR is seen as an investment in the firm’s competencies; and  forced, where CSR is seen as a tax imposed by external stakeholders (the public or government). They argue that both compliance and forced modes weaken the firm’s ability to create strategic advantage. Under those above two conditions, the government plays a significant role in promoting enterprises to assume social responsibility. Governmental intervention is an effective means to promote the stakeholders’ engagement and undertake the social responsibility. 
There is a distinctive research category in CSR, named “social and ethical accounting, auditing, and reporting (SEAAR),” which tries to develop accepted, standardised approaches and methodologies for measuring and reporting the social, ethical, and environmental dimensions of corporate performance (Galant and Cadez, 2017). The principle of SEAAR is to promote CSR in managerial practice through transiting the intangible ‘social and ethical responsibility’ into accountable measurement. Stakeholder theory contributes to the development of the SEAAR concept. It alters the focus from ‘social responsibility’ to ‘organisational accountability’. As Gray et al. (1995) summarised: the concept of the stakeholder (in particular, stakeholder engagement) is at the core of the SEAAR process, and stakeholder theory can be used to help define the ‘social account’ and implies what items a firm should be responsible for.
[bookmark: _Toc66703208]Stakeholders engagement
According to the definition from (ISEA, 1999), stakeholder engagement is ‘the process of seeking stakeholders’ views on their relationship with an organisation in a way that may realistically be expected to elicit them’. The typical stakeholders engagement process includes stakeholders identifying, opinion exchanging and understanding, and also concerns responding. Stakeholders engagement is a systematic, proactive integration of feedback from the stakeholders so that trust is being built among these stakeholders. Stakeholder engagement is not about organisations abdicating part of their right in order to meet the requirements of others, but using leadership to build partnerships with stakeholders, hence improving their overall performance. Therefore, stakeholders engagement is considered as an effective tool that prevents the conflicts between various stakeholders with different views during the project planning stage. 
According to ISEA (1999), A meaningful stakeholders engagement should:
· Allow stakeholders to assist in the identification of another stakeholder. Ensure that stakeholders trust the social and ethical accountant (internal or external) that is collecting and processing the findings of the engagement.
· Be a dialogue, not a one-way information feed.
· Be between parties with sufficient preparation and briefing to have well-informed opinions and decisions.
· Involve stakeholders in defining the terms of the engagement. The terms will include, but are not limited to the issues covered, the methods and techniques of engagement used, the questions asked, the means of analysing responses to questions and the stakeholder feedback process.
· Allow stakeholders to voice their views without restriction and without fear of penalty or discipline. However, stakeholders must be aware that if their opinions are taken seriously and acted upon, this will have consequences upon them and other stakeholder groups.
· Include a public disclosure and feedback process that offers other stakeholders information that is valuable in assessing the engagement and allows them to comment upon it.
Based on above theoretical background, this research recognised that a fruitful stakeholders engagement process could promote the long-term sustainability of a UCC. Thereby, this study first elaborates on the stakeholders engagement of the UCCs in both Sweden and China, in terms of (i) stakeholders analysis, (ii) the motivations of different stakeholders to establish the UCC, (iii) the way to join their interests, and (iv) the final stakeholders’ partnerships.
Seow et al. (2006) indicate that the level of engaging stakeholders will depend on the resources (e.g. funding and time) invested in this process, as well as whether appropriate methods are used. In this context, the second step of this study aims to improve the stakeholders engagement quality through adopting the relevant decision-making method which is conveniently used by stakeholders to exchange their opinions and straightforwardly reflect their concerns. Consequently, the complexity of the stakeholders’ bargaining process will be simplified. More specificically, implementing this method is to evaluate the severity of the disagreement between stakeholders, identifying the types of stakeholders’ conflicts, and revealing the reasons that render such contradictions. 
The third step is defining the adequate approach to ask the different stakeholders to undertake their social responsibility together. Dealing with this problem is based on the outcome of the first and second steps - a sound community that stakeholders build together without serious conflicts between each other in the UCC networks. In such preconditions, CSR, acting as the outcome of stakeholders engagement, could be shared by different stakeholders. The logic of the cost allocation rules is coherent to the spirit of the “social auditing”, which details the categories and values of the costs that should be shared with different stakeholders. Based on this proposition, this study proposes that stakeholders share the extra logistics costs associated with improving the urban environment. However, such cost is currently undertaken by UCCs and local authorities. Our study in this section requires all stakeholders to create both economic and social values together. Figure 3‑1 sketches the theoretical framework of the thesis.


[bookmark: _Ref44950179][bookmark: _Toc46053673][bookmark: _Toc66698704]Figure 3‑1: Theoretical framework of the thesis
The justification of our strategy is based on the extended producer responsibility (EPR) and the extended customer responsibility (ECR). These two principles can be considered as the constituent branches of the CSR, which indicates the scope of CSR undertaken by suppliers and customers, respectively. Specificically, the former principle requires the producers to take responsibility for the negative environmental and social impact during the lifecycle of their products. Conversely, the latter indicates that customers need to take responsibility for the social harm caused by the commodities or services they want to obtain. 
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To answer the research questions presented in Section 2.9, a multiple-case study approach was chosen. Four types of methodology are utilised: ‘cooperative game theory’, ‘AHP’, ‘non-parametric test’, and ‘thematic analysis’. Figure 3‑2 shows the distribution of the methodologies for the different sub-questions. The methodological notes presented in this section are a brief sketch about the theoretical background; then, each chapter will detail the full method.


[bookmark: _Ref44530668][bookmark: _Toc46053674][bookmark: _Toc66698705]Figure 3‑2: Research structure
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The case study is a research strategy and form of empirical inquiry that investigates a phenomenon within its real-world context (Zainal, 2007, Yin, 2018). The advantage of this strategy is that it provides a comprehensive understanding of the dynamic research topics in context and a holistic in-depth investigation process (Eisenhardt and Graebner, 2007, Zainal, 2007). The case study strategy in this study rests on the interpretivist philosophy. According to Yin (2018), a case study is suitable for three kinds of research, in terms of exploratory, descriptive, and explanatory studies. Mills et al. (2009) gives a definition for these three types of researches based on the case study strategy:
Exploratory case study ‘investigates distinct phenomena characterised by a lack of detailed preliminary research, especially formulated hypotheses that can be tested, and/or by a specific research environment that limits the choice of methodology’. 
Descriptive case study ‘focused and detailed, in which propositions and questions about a phenomenon are carefully scrutinised and articulated at the outset’. 
Explanatory case study ‘using both qualitative and quantitative research methods, explanatory case studies not only explore and describe phenomena but can also be used to explain causal relationships and to develop theory’.
According to the above classification and the definition, our research can be considered as the combination of descriptive and explanatory case study. The purposes of the current case study are (1) to enable new and comprehensive understanding of stakeholder engagement in UCC projects in different countries, and (2) to understand the features and causes of stakeholder conflicts. 
As a descriptive case study to achieve the first objective, this study will describe the process of stakeholder engagement in a UCC from an objective perspective. In this part, it will also introduce the operation status of a UCC, the goals achieved by a UCC, and the problems suffered by various stakeholders. As an explanatory case study to achieve the second objective, a comparative analysis is applied across the multiple cases under consideration here. A systematic comparison in such a cross-case analysis reveals both similarities and differences and shows how they affect findings. Each case is analysed as a single case on its own to compare the mechanisms identified, leading to theoretical conclusions. 
Eisenhardt (1989) states that although there is no optimal number of cases to choose from in a multiple case study approach, she recommends that a number of examples between four and ten will be appropriate. While fewer than four cases causes difficulties generating theory of any complexity, and the empirical grounding is likely to be unconvincing, with more than ten cases, it quickly becomes difficult to manage the complex and high volume of data for the researcher. After that, Yin (2018) gave a suggestion of the sample size in the case study:
‘A few case studies (2 or 3) might aim at being literal replications, whereas a few other case studies (4 to 6) might be designed to pursue two different patterns of theoretical replications’. 
Based on such guidelines, two Swedish UCCs and two Chinese UCCs are investigated to reveal the details of their respective stakeholder engagement processes. These cases cover all the UCC types classified by Browne et al. (2005), namely the following: (i) a special project UCC service for a signal site (Case 1), (ii) UCC services for dedicated industries (Case 2 and Case 3), and (iii) UCC services for cities (Case 3 and Case 4). The aim of this multiple case study is theoretical replication, with the different contextual factors of two groups of cases thus revealing different insights. Through this comparative case study, the current research offers an in-depth understanding of how stakeholder behaviours are affected by two different logistics market conditions, service sizes, and population densities. Specifically, Sweden is a developed country and Stockholm is a medium-sized city, whilst China is a developing country undergoing rapid economic growth, and Wuhan is a metropolitan-level city with a fast-growing logistics market demand. In contrast, the logistics market in Stockholm is relatively small and fixed. In addition, the objectives of the Swedish cases are to solve the environmental and social issues. Whilst Chinese UCCs are established for commercial profits, all the above factors indicate that these Swedish and Chinese cases have contradictory features.
The framework of this case study has a ‘sequential design’, indicating that ‘longitudinal’ and ‘cross-sectional’ comparisons depending on different variables except the impacts from the participating time. Details are given in Figure 3‑3.  Concerning the longitudinal comparison, the interviewed stakeholders are classified as UCC sponsors, UCC operators and independent stakeholders in associated UCC examples. Comparative analysis is implemented inside each case, to reveal different information on stakeholder motivation, partnerships, and categories of interest. The cross-sectional analysis includes two parts, the first part is the cross-stakeholders analysis, which compares the data from the stakeholders with the same attributes but in different cases. The second part is the cross groups analysis between the two cohorts, so that the unfolding differences of stakeholders’ opinions resulting from the various contexts could be captured. The differences between their opinions and preferences are dependent on which variables (factors) were focused on for data analysis. Ideally, by comparing results from the types of analyses, the effects of variables (e.g. stakeholders role, objectives of UCC, market conditions) are separated out.


[bookmark: _Ref44950342][bookmark: _Toc46053675][bookmark: _Toc66698706]Figure 3‑3: Sequential design of thesis
The case study method allows the researcher to combine qualitative and quantitative methods and collect information from various data resources, such as interviews and annual reports. ‘Triangulation’ is used to validate the findings arising from these hybrid methods. According to Guion (2002), in this study, ‘data triangulation’ is used to gather data from various data sources, ‘methodological triangulation’ is for applying two or more methods to examine the results of a multi-case study, and ‘environmental triangulation’ involves a comparison of different case studies in different environmental factors. If the findings under different triangulation analyses are coherent, the findings are considered to be validated.
This information is for qualitative analysis and enables interpretation of the quantitative findings. The data utilisation has various priorities, thus each category (qualitative and quantitative) is implemented depending on the results of the other. Under this guideline, the qualitative method is used to illustrate the contextual information of the quantitative findings. Following the computing of the quantitative data, the qualitative data are used to reveal the deep-seated mechanisms that underlies the quantitative results. Specifically, qualitative data undergo comparative analysis to reveal information on stakeholder motivation, partnerships, and categories of interest. This information then provides contextual information for the sequential quantitative analysis and enables interpretation of the quantitative findings.  
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Multi-criteria decision-making (MCDM) 
Multi-criteria decision-making (MCDM) can be categorised as multi-objective decision making (MODM) or multi-attribute decision making (MADM) (Triantaphyllou, 2013). The difference between the two is that the decision space of the MODM is continuous, while that of the MADM is discrete (Triantaphyllou, 2013). The continuous decision space problem can be modelled as mathematical programming that computes optimal solutions through multi-objective functions. In contrast, the discrete decision space problem has a predetermined set of decision alternatives (Triantaphyllou, 2013). The problem of identifying different stakeholder preferences may can be classified as an MADM problem. 
A MCDM includes the following representative elements: alternatives, attributes, conflicts between criteria, and incommensurable units with different criteria and decision weights. The alternatives are a set of choices for the decision-makers. Each case is independent of the others, revealing the different stakeholders’ opinions of the UCC performance. Attributes are associated with the decision criteria, indicating the performance of different alternatives in different dimensions. Since different criteria represent different dimensions of the alternatives, conflict arises between them. The incommensurable units indicate that a common unit would measure different criteria. Most MCDM methods require that the criteria be assigned normalised weights of importance in some way. 
There are four sub-category problems of the MCDM (Roy, 1981, Ishizaka and Nemery, 2013): (1) the choice problem, where the objective is to select the optimal solution or separate a subset of equal vantage solutions from a group of candidate solutions; (2) the sorting problem, where options with similar characteristics are sorted into predefined categories according to the preference of decision-makers; (3) the ranking problem, where the options are ordered from best to worst according to their scores; and (4) the description problem, where the goal is to describe the options and their consequences. There are also corresponding approaches to resolving these four types of problem (Ishizaka and Nemery, 2013). Table 3‑3 details the programmes for resolving the MCDM problems.
	Problem
	Multi-criteria decision-making (MCDM) methods

	Ranking, description, choice
	PROMETHEE – GAIA

	Ranking, choice
	PROMETHEE, Electre, UTA, AHP, ANP, MACBETH, TOPSIS, DEA

	Choice,
	Goal programming

	Sorting, description
	FlowSort - FS-GAIA

	Sorting
	ELECTRE-Tri, UTADIS, AHPSort
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Motivation for implementing the analytic hierarchy process (AHP)
Saaty (2013) defines the AHP as ‘a theory of relative measurement with absolute scales of both tangible and intangible criteria based on the judgment of knowledgeable and expert people’. It enables decision-makers to express their subjective willing, represented by the different weights they assign to different criteria. The method thus reveals the various stakeholder preferences. The AHP breaks down the complex issues into smaller sub-sets by hierarchising the problem. This simplifies the process of addressing the decision-making problem. Furthermore, the AHP allows decision-makers (stakeholders) to rank their preferences for different conflict indicators. This makes it more convenient to compare the differences in stakeholder preferences in the context of SUL. Ultimately, the calculation process for AHP is easier to implement and does not rely on professional tools. This enables us to quickly reach a numerical result.
There are five primary process for implementing AHP: (1) set up a decision hierarchy, (2) make a pairwise comparison of the attributes, (3) transform the comparisons into weights and check the decision-makers’ consistency, (4) use the weights to obtain scores for the different options and make a provisional decision, and (5) perform a sensitivity analysis. When building the hierarchy, the three dimensions of SUL can be considered the major criteria and arranged in the upper level of the hierarchy. Their criteria are then arranged on the lower level, under each dimension. A pairwise comparison of the attributes determines the relative importance of the dimensions for SUL, as well as the relative weights of the criteria under each dimension. The Saaty scale (Saaty, 1988) is used to transfer the linguistics information into the numerical comparative ranks of each pair of criteria. The pairwise comparison matrixes are then constructed based on this information. In the third step, the relative weight of each criterion is transformed according to the eigenvalues of each pairwise comparison matrix. 
The AHP also yields the consistency ratio (Saaty, 1990). This notifies the researcher of any inconsistency by the decision-maker, and such errors can then be removed. In the fourth step, the overall score for each sub-criterion is calculated by aggregating the weight and their major criteria in the higher levels of the hierarchies. As our research seeks to assess the preferences of the different stakeholders, this final step is not conducted in the current research. 
The property of the collected data is the first factor to influence the methodology selection (Chen et al., 1992). As shown in the Table 3‑4, the AHP method requires a moderate level of inputted data and is thus convenient for use with interviewees who lack professional knowledge of decision-making. Conversely, methods that require high levels of data input are designed for collecting data from experienced researchers (Guitouni et al., 1998). For example, when using AHP, the pairwise comparison matrix with a hierarchy structure of different criteria and sub-criteria can be easily explained to interviewees for the evaluation. If implementing the MCDM method, which requires low-effort input (such as DEA or TOPSIS), the decision is entirely reliant on objective data. In contrast, the AHP provides reliable results based on the subjective judgement of the rankers. As the AHP result is gathered from the people with expert knowledge in a specific industry, a large sample size of responders is unnecessary. For this reason, AHP is adequate for collecting data from primary stakeholders in a UCC project, as the categories and numbers of these stakeholders are usually limited.
	Methodology
	Types of data input
	Effort input

	MAUT
	utility function
	Very high

	ANP
	pairwise comparisons on a ratio scale and interdependencies
	

	MACBETH
	pairwise comparisons on an interval
scale
	

	AHP
	pairwise comparisons on a ratio scale
	

	ELECTRE
	indifference, preference, and veto thresholds
	

	PROMETHEE
	indifference and preference thresholds
	

	Goal programming
	ideal option and constraints
	

	TOPSIS
	ideal and anti-ideal option
	

	DEA
	no subjective inputs required
	Very low
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Nonparametric testing is a distribution-free method, normally used to investigate populations in a ranked order. This ranked order is usually not well interpreted; and non-parametric methods can reveal correlations in this data. Nonparametric tests do not rely on assumptions that the data are drawn from a given parametric family of probability distributions. Therefore, this method is convenient and can be implemented for testing small samples. 
The stakeholder rankings of different indicators can be considered correlated samples, and the investigation explores whether these rankings are consistent. Therefore, Kendall’s tau (Kendall’s rank correlation coefficient) and Spearman’s rho (Spearman’s rank correlation coefficient) are implemented together to measure the statistical differences between stakeholder preferences. 
Both Kendall’s tau and Spearman’s rho measure the monotonicity of relationships and each has their respective advantages. From the perspective of statistic reliability, Croux and Dehon (2010) illustrate that the Kendall tau is preferred to the Spearman correlation because of its smaller gross error sensitivity (GES) (greater robustness) and smaller asymptotic variance (AV) (greater efficiency). On the other hand, Puth et al. (2015) demonstrate that Spearman’s rho is more accurate than Kendall’s tau when there are ties in the data. Indeed, there are several ties in the different stakeholder rankings. Irrespective of the proportion of ties in the example, Spearman’s measure returns values closer to the desired coverage rates, whilst Kendall’s results differ – increasing from the desired level as the number of ties increases, especially for large correlation values. Therefore, combining the two methods can verify the reliability and accuracy of the statistical results.
If there is a significant positive correlation between ranking values, this suggests a strong consensus between stakeholders. Where there is no significant correlation, there is no common objectives between the stakeholders. A negative correlation between sets of ranking values suggests conflict between the various stakeholders’ preferences.
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Braun and Clarke (2012) define thematic analysis as follows:
Thematic analysis is a method for systematically identifying, organizing, and offering insight into patterns of meaning (themes) across a data set. Through focusing on meaning across a data set, thematic analysis allows the researcher to see and make sense of collective or shared meanings and experiences. It is a way of identifying what is common to the way a topic is talked or written about and of making sense of those commonalities.
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Braun and Clarke (2006) produced a sophisticated six-step thematic analysis for practical application in research (Figure 3‑4). Based on this process map, a comprehensive thematic analysis framework can be divided into three primary sections: first, the textual material is transcribed, with all qualitative data (voice recordings and notes of interview) put into text form; next, the transcribed data are categorised according to the context of the interviews; and finally, there is the coding process, in which the codes are derived from the criteria selected in the AHP.
All the themes (including the primary theme and sub-themes) are pre-designed based on the research objectives. There are two categories of primary theme in this research: the first is associated with the stakeholder engagement process, and the second concerns the categories of stakeholder conflict. For the former, the sub-themes concern information about stakeholders, such as their motivation, partnerships, benefits, issues, and so on. The latter incudes three sub-themes, each of which is linked to the criteria selected in the AHP process: (1) the group of stakeholders suffering the particular conflict, (2) the causes of this conflict, and (3) the measures taken to mitigate the issues.
Based on the results received from the quantitative and qualitative methods, a comparative analysis will be implemented to identify the conflicts between stakeholders. Firstly, in each case, two stakeholders will be paired. Then, under each theme, the difference of their opinions about the sub-themes and their ranks on the indicators will be identified. Finally, stakeholder conflicts will be derived from these differences. Figure 3‑5 schematises the comparative analysis approach in the diagram.
[image: ]
[bookmark: _Ref31030054][bookmark: _Toc34675020][bookmark: _Toc34734812][bookmark: _Toc46053677][bookmark: _Toc66698708]Figure 3‑5: Comparative Analysis Combing both Quantitative and Qualitative Data
[bookmark: _Toc66703214]Cost sharing principles
This thesis adopts a game-theoretic approach of cost sharing principles, which seeks to involve more stakeholders in contributing to the total cost of the UCC facility, in order to improve the prospects of financial autonomy and viability of such facilities. According to the literature review in section 2.7.1, A UCC system usually contains five different kind of stakeholders: suppliers, LSPs (LHCs and local carrier), UCC operators, receivers (customers located in the urban area), and LAs. As the section 2.7.5.1 reveals that the prevalent cost payment mechanism of UCC only requires LAs to pay the entire cost of UCC, however, the other stakeholders do not undertake UCC’s financial responsibility. Consequently, LAs’ financial burdens will be increase because of supporting the UCC project. If the public funding is exhausted, the UCC project have to be terminated. In the new cost sharing mechanism of this thesis, all the above stakeholders are required to undertake the UCC cost together to promote the financial sustainability of UCC. Specifically, the additional involved stakeholders are suppliers, which originate the flows of goods through their manufacturing processes; LHCs, which take care of transporting such flows of goods; and customers, whose demand for goods can be seen as the ultimate reason for the activation of such logistical flows. For the purpose to successfully engage these stakeholders in the coalition, it is essential to justify that involving a wide set of stakeholders for sharing the UCC’s cost together.
Theoretical justification
From a theoretical standpoint, the legitimacy of involving suppliers into cost allocation mechanisms in UCC networks can be derived from an Extended Producer Responsibility (EPR) view. EPR requires producers’ responsibility to be extended to the life cycle of a product. Specifically, goods producers should take responsibility for all the environmental impacts and externalities associated with the product’s service life, also including end-of-life options (Lindhqvist and Lifset, 2003); the usage of EPR schemes represents a policy which can mitigate the negative environmental and social impacts arising from production activities (Spicer and Johnson, 2004). Based on the above-mentioned principles, it is reasonable for producers to take responsibility for logistical activities related to the distribution of their products; logistical processes, indeed, represent a key segment in the life cycle of the products. Coherently, according to such view, suppliers can be required to mitigate the negative environmental and social effects caused by goods transportation; the participation to the functioning of UCC schemes can be seen as a way to implement such logic. 
A similar argument can be employed for the involvement of LHCs. Typically, LHCs contribute to UCC operations as such facilities merge goods from different carriers and deliver them to the final customers in the urban area. Again, this participation in costs of UCCs can be seen as a way to ask LHCs to be accountable for the detrimental effects (on the environmental dimension) of their activities. Also, participation in UCCs can be beneficial for intercity shippers, as delivery consolidation can lead to short travelling times and efficiency improvements through off-peak deliveries goods into UCCs; also, thanks to UCCs, LHCs can avoid dealing with the intricacies of last-mile deliveries (such as time-windows or traffic restrictions). On this basis, it seems reasonable to ask LHCs to participate in cost-sharing schemes for the functioning of UCCs.
From a theoretical standpoint, the legitimacy of involving customers into cost allocation mechanisms in UCC networks can be derived from an Extended Customer Responsibility (ECR) view (Sheu and Choi, 2019). The idea of ECR is novel and can be described as the need for customers to take responsibility for the “societal harm” caused by the commodities or services they want to obtain. When ECR principles are implemented in the field of SUL, it calls customers to be responsible for the adverse effects, which are caused by the delivery processes of goods, or services they purchase. Extending such an idea to a UCC network, customers can be seen as the receivers of the final goods; their purchasing behaviour generates demand for logistical activities, which leads to environmental and social issues. However, customers have significant potential in improving overall environmental performances of a supply chain through purchasing aggregation and consolidation (Vachon, 2006). Within such logic, and coherently to an ECR scheme, it can appear reasonable to ask customers to contribute to the functioning costs of UCCs, to alleviate the environmental consequences of logistical activities generated by their demand.
Cost-sharing rules
[bookmark: _Hlk65748058]The cost sharing principle used to share the cost of UCC is derived from the theories of Absolute Territorial Sovereignty (ATS) and Unlimited Territorial Integrity (UTI). ATS theory deems that a county has the absolute sovereignty on the nature resources on its territory. This country is free to decide how to use these resources, without considering the impact on neighbouring countries. On the other hand, UTI theory states that a country should not arbitrarily alter nature conditions in its territory if such changes harm its neighbourhood countries. These two theories have been originally used for addressing the problem of sharing river water by Ambec and Sprumont (2002). In this context, the ATS theory states that a country only has absolute sovereignty on the area of any river basin on its territory. Oppositely, the UTI theory declares that a country could extend these rights to the full stream of water originating upstream. That means if a river is flowing through different countries, the benefits of the upstream rivers should be shared by all the countries which are located in the downstream river basin. Based on these theories, Ambec and Sprumont (2002) developed a model to investigate how agents (e.g. countries, regions, or cities) living along a river share the water resources with their welfare interpretation of rights. This model is further improved by Gudmundsson et al. (2019), who propose a two-stage games in which player assigned with different bargaining power according to their locations along with the rivers, water inflows, and consumption decisions of the water. Their research (Gudmundsson et al., 2019) contributes a fair division of the welfare gain obtained through a decentralized bargaining protocol.
Inspired by the above spirits from the ATS and UTI, Ni and Wang (2007) developed a model focussing on the contradictory sides of the welfare sharing of the river, namely, the pollutant cost allocation. Ning and Wang 2006 indicate that there is a dual relationship between rights and responsibilities, which means the responsibilities are the counterpart of rights. The ATS and the UTI are interpret as responsibilities in the pollution cost allocation problem. They propose a similar scenario to Ambec and Sprumont (2002)’s model in this polluted river problem: considering a river is divided into n segments. In each segment, there is a factory generating some pollution into the river (Figure 3‑6-A). For the purpose of cleaning the river, some penalties must be charged to these factories. In such a scenario, the question is that how the total costs should be shared to different factory. 
When the above two theories are applied in this cost allocation problem of river cleaning, the ATS can be interpreted as the factory in any segment only having the responsibility to pay the river-cleaning cost in this segment, which strictly assigned to the pollutants generated by the factory itself. Such a cost allocation principle is described as local responsibility (LR) (Figure 3‑6-B). On the other hand, the responsibility aspect derived from the UTI extends the scope of a factory’s responsibilities for river-cleaning. It indicates that the factory has the right to require all its upstream factories to share its penalty for the river clean. This is the principle of downstream responsibility (DR) (Figure 3‑6-C). Dong et al. (2012) provide a complementary cost allocation principle for the DR, namely upstream responsibility (UR) (Figure 3‑6-D). This principle can be interpreted as being that a factory should undertake the penalties for its upstream factories. Accordingly, three cost allocation methods: local responsibility sharing (LRS) method, upstream responsibility (UES) method and downstream responsibility sharing (DES) method are assigned to the above LR, DR and UR principles, respectively. Several extensions and variants to this problem have been introduced in the literature. For example, Alcalde-Unzu et al. (2015) use a upgraded UES rules which considering the pollutant transferring rate, to deal with the cost sharing problem of the river cleaning. Their rules provide an axiomatic characterization based on ideas concerning the various scopes of the responsibility in different regions. van den Brink et al. (2018) considered polluted river problems as games with a permission structure and showed how the UES and DES methods can be obtained by applying the conjunctive permission value to this game. 



[bookmark: _Ref44950437][bookmark: _Toc46053678][bookmark: _Toc66698709]Figure 3‑6: Cost sharing principles



As proved by Ning and Wang (2006) and Dong et al. (2012), the three cost sharing methods have the following characterisation (Table 3‑5):
	Characterization
	Cost Allocation Methods
	Explanations

	
	LRS
	UES
	DES
	

	Additivity
	
	
	
	There is no difference whether the factories share the two costs separately or together.

	No Blind Cost
	
	
	
	If an agent incurs no pollution cost (e.g., the agent does not pollute at all) the factories should not undertake any cost.

	Efficiency
	
	
	
	The total cost sharing by all factories is equal to the total cost initially charged

	Upstream Symmetry
	
	
	
	All upstream factories have equal responsibilities for a given downstream pollution cost.

	Independence of Upstream Costs
	
	
	
	A factory’s cost share only depends on its own pollution cost and all downstream costs, but not on upstream costs for which it has no responsibility.

	Downstream symmetry
	
	
	
	All downstream factories have equal responsibilities for a given upstream pollution cost.

	Independence of downstream costs
	
	
	
	A factory’s cost share only depends on its own pollution cost and all upstream costs, but not on downstream costs for which it has no responsibility.


[bookmark: _Ref44950614][bookmark: _Toc46053556][bookmark: _Toc46093805][bookmark: _Toc66698772]Table 3‑5: Characterisation of the cost allocation principles
If the two principles of DR and UR are accepted, the cost allocation results through the UES and DES methods for the above-mentioned river problem become the Shapley Value of specific games in characteristic form, which coincides with the four axiom properties of the ‘Shapley value’. In this research, the Shapley value is a value re-assigning the total amount of the cost if everyone engages in defending the life of the UCC. The Shapley value reallocates costs according to a principle of fairness. While reviewing these properties, Ciardiello et al. (2020) build connections between above ‘polluted river problem’ and the problem of pollution allocation in a multi-tier supply chain. Their study (Ciardiello et al., 2020) implements the above three cost sharing rules (LRS, UES and DES) to share the environmental responsibility among different members in an dairy products supply chain. This thesis applies the cost allocation framework proposed by Ciardiello et al. (2020) in the UCC network, which ask both upstream or downstream stakeholders to understake UCC cost together. 
[bookmark: _Toc34734520][bookmark: _Toc46053443][bookmark: _Toc46093357][bookmark: _Toc46093640][bookmark: _Toc66703215]Data collection method
[bookmark: _Toc34734521][bookmark: _Toc46053444][bookmark: _Toc46093358][bookmark: _Toc46093641][bookmark: _Toc66703216]Details of the interviewees
Twelve interviews were conducted in Sweden and China with the various stakeholders. There were five interviews held in Stockholm City Centre, and two interviews in Royal Seaport. In China, three interviews were conducted in the Pharmacy UCC and another three in the UCC engaged in the BDS experiment. Table 3‑6 provides the interviewees’ information.
	Country
	Urban consolidation centre (UCC) cases
	Job titles of the interviewees
	Organisations
	Role in urban consolidation centre (UCC) system

	Sweden
	Stockholm
City Centre
	Freight transportation planner (SS)
	Stockholm City Council
	Government

	
	
	Market operators (WCC)
	Waste collection company
	Facility operator (investor) 

	
	
	Head of communicator (LC)
	Logistics company
	Shipper (investor)

	
	
	Post research (KTH)
	University
	Equipment provider

	
	Royal
Seaport
	Logistics operators manager (UPM)
	Consulting company
	Government (investor)

	
	
	Planners of the Royal Seaport office (ORS)
	Office of Royal Seaport Project
	Facility operator

	China
	Pharmacy UCC
	Urban consolidation centre (UCC) executive (UE)
	Company A
	Company A (investor)

	
	
	Head of warehouse department (HWD)
	Urban consolidation centre (UCC)
	Warehouse operator

	
	
	Head of distribution department (HDD)
	Urban consolidation centre (UCC)
	Carrier

	
	UCC for cold-chain product
	Chair (CR)
	Company B
	Investor

	
	
	Project manager (PM)
	CBUCC
	Facility manager

	
	
	Professor (WHUT)
	University
	Performance evaluator


[bookmark: _Ref530750434][bookmark: _Ref530750429][bookmark: _Toc34674950][bookmark: _Toc34734742][bookmark: _Toc46053557][bookmark: _Toc46093806][bookmark: _Toc66698773]Table 3‑6: The interviewees in Sweden and China
[bookmark: _Toc34734522][bookmark: _Toc46053445][bookmark: _Toc46093359][bookmark: _Toc46093642][bookmark: _Toc66703217]Questionnaire setting
Three categories of questions were developed for the interviews (Table 3‑7). For the open questions, a list of themes and questions were designed for specific stakeholders, varying between the interviews. For the closed questions and the pairwise comparison matrix, each question was asked sequentially, and the responses recorded on a standardised schedule. Deails are shown in Appendix IV and Appendix V
	Question categories
	Question setting

	Open questions
	Essay question

	Closed questions
	Multiple-choice, flow chart

	Pairwise comparison matrix
	Fill-in-the-blank


[bookmark: _Ref530752915][bookmark: _Toc34674951][bookmark: _Toc34734743][bookmark: _Toc46053558][bookmark: _Toc46093807][bookmark: _Toc66698774]Table 3‑7: Question categories and settings
[bookmark: _Toc34734523][bookmark: _Toc46053446][bookmark: _Toc46093360][bookmark: _Toc46093643][bookmark: _Toc66703218]Data collection approach
The interview processes
[bookmark: _Hlk27753223]The first interviewees in the two Swedish cases were introduced by Stockholm Stad, who participated in the ProSFeT project. Similarly, the first interviewees in the two Chinese cases were introduced by the researchers from the Wuhan University of Technology. After the first interview, the interviewee introduced the following relevant stakeholders in the UCC project. The interview appointments were confirmed by email or telephone.
The interviews were conducted face-to-face, and the consent form was explained to the interviewees, informing them of their rights and requesting their permission to use the data. The interviews were recorded using a digital voice recorder and by handwritten notes.
Other data sources
In addition, other data were shared by the stakeholders. Table 3‑8 lists these data sources.
	Case numbers
	Source
	Provider

	Case 1
	Report of project introduction 
	Stockholm Stad

	
	An opportunity to observe the goods-handling and delivery process
	Waste collection company

	Case 2
	Annual report
	Office of Royal Seaport

	Case 3
	Annual report
	Company A

	
	An opportunity to visit the warehouse
	Warehouse department

	Case 4
	Research outline
	Wuhan University of Technology


[bookmark: _Ref31205906][bookmark: _Toc34674952][bookmark: _Toc34734744][bookmark: _Toc46053560][bookmark: _Toc46093809][bookmark: _Toc66698775]Table 3‑8: Other data sources provided by stakeholders
[bookmark: _Toc34734524][bookmark: _Toc46053447][bookmark: _Toc46093361][bookmark: _Toc46093644][bookmark: _Toc66703219]Data transcription & coding
The six Swedish interviews were conducted in English, whilst the rest were in Chinese. In the interests of international readers, the Chinese interview transcripts were then translated into English. The voice recordings and notes were transcribed verbatim. Pauses and extraneous sounds (e.g., ‘erm’ and ‘ah’) were deleted. The text information was then refined, with ‘gossip’ that deviated from the research topics being excluded.  As required by the Chinese interviewees, the data from Chinese stakeholders was translated into the Chinese language to obtain permission for publication.
As can be observed, the 15 indicators are set as the independent themes. After that five sub-themes are attached with these themes respectively in accordance with our research objectives. Additionally, all the sub-themes are defined based on the code, as shown in Table 3‑9. The qualitative data from the interview will be distributed to the relevant codes/sub-themes respectively to straightforwardly demonstrate the stakeholder’s opinions on the indicators. 
	Themes
	Sub-Themes (Code)

	Annual operating cost (AOC)
	
· UCC performance on this indicator (ST1).
· Issues encountered by specific stakeholders (ST2).
· The reasons cause the issue (ST3).
· The degree of impact on specific stakeholder (ST3).
· The measures have been implemented to deal with the issues (ST5).


	Typical delivery price (TDP)
	

	Infrastructure surface usage rate (ISUR)
	

	Goods handled per full-time equivalent employee (GHEE)
	

	Delivery accuracy rate (DAR)
	

	Lead time of delivery goods from UCC to its users (LTDU)
	

	Percentage of alternative vehicles (PAV)
	

	Truck loading rate (TLR)
	

	Travel miles in urban areas (TMUA)
	

	Number of delivery trips per day (NDT)
	

	Public financial investment (PFI)
	

	Average staff salary (ASS)
	

	Workers’ overtime utilisation (WOU)
	

	Total travel time in the city centre (TTT)
	

	Time for on-street parking (TOP)
	


[bookmark: _Ref31029011][bookmark: _Toc34674949][bookmark: _Toc34734741][bookmark: _Toc46053555][bookmark: _Toc46093804][bookmark: _Toc46924459][bookmark: _Toc66698776]Table 3‑9: Coding Book
[bookmark: _Toc66703220]Chapter summary
This chapter has introduced the research methodology adopted in this thesis. This research follows an operational research (OR) paradigm for dealing with viability issues of UCC projects. In the second section, this chapter has presented the theoretical lens, which introduces Freeman’s stakeholders theory and its application in the field of CSR. This chapter has then provided a brief explanation of the research design. Following on from this, the chapter has presented both the quantitative and qualitative data analysis methods; also, the data collection approach of this thesis has been clarified. 
The presented methodologies will be implemented in subsequent chapters. For the purpose of dealing with PRQ1, in Chapter 4 the cost structure of a UCC will be formulated based on past research, in which the types of fixed cost and variable cost are identified; formulae that are used to compute these costs are designed. This cost structure will be embedded into a software-based ‘Decision Support System’, the details of which will be revealed in Chapter 8. 
For the purpose of dealing with PRQ2, Freeman’s stakeholder theory is adopted to illustrate that a fruitful stakeholder engagement process could mitigate stakeholder conflicts in UCC projects, thus promoting the long-term viability of a UCC. 
In Chapter 5, a multiple-case-study approach based on four UCCs in Sweden (Case 1 and 2) and China (Case 3 and 4) is conducted, in order to illustrate the details of the stakeholder engagement process and the outcome of stakeholders’ partnerships in each UCC project. In order to promote stakeholder engagement, based on the data collected in these cases, Chapter 6 implements an Analytic Hierarchy Process along with a nonparametric correlation analysis to quantify the stakeholders’ preferences and measure the extent of heterogeneity in the stakeholders’ objectives. Then, thematic analysis is implemented to investigate what kind of conflicting stakeholder interests may arise in the UCC, as well as the reasons behind any conflict and actions of one stakeholder towards another. 
For the purpose of resolving PRQ 3, Chapter 7 firstly adopts both the an Extended Consumer Responsibility and an Extended Producer Respondibility in order to justify the involvement of additional stakeholders in cost sharing schemes. Then, Upstream Equal Sharing and Downstream Equal Sharing methods are used to mitigate the stakeholders’ financial burdens through sharing the UCC cost in a multi-tier supply chain.


[bookmark: _Toc66703221]Investigating the cost structures of urban consolidation centres
Financial feasibility is a serious challenge that restricts the sustainability of the UCC. This issue arises due to a lack of users (Browne et al., 2005, Van Rooijen and Quak, 2010, Kin et al., 2016), consumers being reluctant to pay additional costs (Allen et al., 2014), and the high operational costs for last-mile distribution (Janjevic and Ndiaye, 2017a). Thus, decision-makers need to understand the cost structure of a UCC project. 
Faure et al. (2016) sort the UCC’s cost by fixed cost and variable cost according to the definition of classical cost structures. The entire cost of a UCC can be calculated as follows: 
	[image: ] 	
According to this definition, the fixed cost of a facility is the cost needed to establish it and keep it functioning. Fixed cost is related to elements such as vehicle purchase, facility rental, and human resources. It does not vary with changes in the volume of goods handled (Faure et al., 2016). The variable cost represents the expenditure that changes proportional to the amount of goods handled by the facility. Faure et al. (2016) only consider the variable costs related to working days and travel distance (also related to fuel utilisation). In addition to Faure (2016)’s research, A number of other studies have also categorised the cost of UCC from different perspectives. One classic classification is according to the types of payment. For instance, Duin et al. (2016) and Janjevic and Ndiaye (2017a) divided the UCC cost into vehicle cost, equipment cost, infrastructure cost, human resource cost and overhead cost (Figure 4‑1). However, these studies do not indicate the cost of the different logistics activities in the UCC. Specifically, Duin et al. (2016) and Janjevic and Ndiaye (2017a) do not demonstrate the categories of cost generated in last-mile delivery. Another types of cost classification is according to the physical goods movement process, in terms of the cost related/unrelated to the shipment such as Lin et al. (2016), van Heeswijk et al. (2019) (Figure 4‑2). A more comprehensive cost structure is provided by Lin et al. (2016), illustrating the costs generated by each delivery activity in a two-echelon delivery network. The deficiency of this study, however, is that the properties of each category of cost are not well demonstrated. For example, Lin et al. (2016) do not illustrate which elements constitute the transportation cost.



[bookmark: _Ref44955008][bookmark: _Toc46053679][bookmark: _Toc66698710]Figure 4‑1: Classical cost categories of UCC


[bookmark: _Ref44955035][bookmark: _Toc46053680][bookmark: _Toc66698711]Figure 4‑2: Cost categories according the goods shipments
Elbert and Friedrich (2018) note that the related goods movement process can be divided into time-based costs (positively correlated with working time) and distance-based cost (positive correlated with vehicle travel miles). The conceptual formulae in their study (Elbert and Friedrich, 2018) are also used to calculate the costs associated with each type of transport activity in the current research. Combining the results of above literature, this chapter divided the costs into categories of ‘fixed’ and ‘variable’. Using this primary structure, two sub-categories of variable cost (in-facility and on-road) are configured by ourselves. The sub-categories of fixed cost are taken from Janjevic and Ndiaye (2017a). On the other hand, the sub-categories of variable cost are combined the research results from Lin et al. (2016), Elbert and Friedrich (2018), van Heeswijk et al. (2019). The following sections provide further details.
[bookmark: _Ref34734136][bookmark: _Toc34734558][bookmark: _Toc46053449][bookmark: _Toc46093363][bookmark: _Toc46093646][bookmark: _Toc66703222]Fixed cost of the urban consolidation centre (UCC)
Four primary categories of fixed cost were classified: facility rental, materials (including equipment and vehicles), facility administration (costs relevant to the management of the facility, e.g. the cost of hiring an administrator), and other overheads (this has a broad definition and includes costs generated by non-logistics activities). Table 4‑1 provides details for each of these categories. The total fixed cost can be calculated by the formula below.
	Property
	Types of Fixed Cost
	Notation
	Details

	Daily costs
	Facility rental
	Cfr
	e.g., infrastructure

	
	Materials 
	Cmu
	e.g., electricity 

	
	
	
	e.g., water 

	
	
	
	e.g., pallets

	
	
	
	e.g., vehicle purchase

	
	Administrative costs
	Coc
	e.g., facility management 

	
	
	
	e.g., facility operation 

	
	Overheads
	Cov
	e.g., communication

	
	
	
	e.g., financial management

	
	
	
	e.g., cleaning

	
	
	
	e.g., waste disposal

	
	
	
	e.g., facility safety


[bookmark: _Ref44951701][bookmark: _Toc34674984][bookmark: _Toc34734776][bookmark: _Toc46053561][bookmark: _Toc46093810][bookmark: _Toc66698777]Table 4‑1: Categories of fixed costs for the urban consolidation centre (UCC)
	[image: ]		
[bookmark: _Ref34734144][bookmark: _Toc34734559][bookmark: _Toc46053450][bookmark: _Toc46093364][bookmark: _Toc46093647][bookmark: _Toc66703223]Variable cost of the urban consolidation centre (UCC)
Variable costs are related to the goods movement process in the supply chain of the UCC facility. A typical path from the UCC (after the intercity carriers arrive at the facility) to the consignee can be defined as follows (Figure 4‑3): 
1. In-facility process: this includes the following sub-stages: (i) goods are unloaded from line-haul transportation trucks; (ii) goods are sorted (consolidated); (iii) goods are reloaded onto the trucks for urban delivery
2. Last-mile distribution: this includes two sub-processes: (i) urban delivery, where goods are shipped onto the road; and (ii) goods receipt by the consignee
[image: aaaaa (1)]
[bookmark: _Ref34732332][bookmark: _Toc34675034][bookmark: _Toc34734826][bookmark: _Toc46053681][bookmark: _Toc66698712]Figure 4‑3: Goods moving process of the urban consolidation centre (UCC)
The variable cost is linked with the location of the goods in the moving path, thus the UCC’s variable costs consist of the following: (1) ‘in-facility costs’ ([image: ]) generated from the goods-handling process by unloading, sorting, and reloading; and (2) ‘on-road costs’ ([image: ]), created during the last-mile distribution, including last-mile delivery and goods receipt. The cost of unloading (Cgu), sorting (Cgc), and reloading (Cgr) are associated with the variables of operator working hours and wages. Last-mile delivery costs (Cld) are determined by the three variables of driver working hours, driver wages, and volume of fuel consumption. The cost of goods receipt (Cge) is positively correlated with the variables of driver’s working hours and wages.
[bookmark: _Toc34734560][bookmark: _Toc46053451][bookmark: _Toc46093365][bookmark: _Toc46093648][bookmark: _Toc66703224]Details of in-facility costs
As mentioned above, there are three in-facility goods handling processes: unloading, consolidating, and reloading. The ‘in-facility cost’ ([image: ]) is therefore as follows:

	[image: ]		 
[image: ]= Number of facility operatives
[image: ]= Working hours of each operative per working day
[image: ]= Hourly wage of each operator 
[image: ] = Working days per month
The [image: ]includes the working time for ‘goods unloading ([image: ])’, ‘goods consolidating ([image: ])’, and ‘goods reloading ([image: ])’. 
	[image: ] 	
[bookmark: _Toc34734561][bookmark: _Toc46053452][bookmark: _Toc46093366][bookmark: _Toc46093649][bookmark: _Toc66703225]On-road costs
On-road transportation cost includes the costs of travel distance and truck operating (which are linked to the drivers’ salaries and driving times). Stop costs are generated by the goods receipt process, which is affected by the stopping time of each receiver.
Urban delivery can be regarded as a circular goods movement process in which the vehicle is travelling on the road and reaching a consignee (Figure 4‑4). Each vehicle delivers goods to m consignees. Therefore, there are m+2 stops in each delivery trip (vehicle departure from the facility is stop 0, and the vehicle’s return from the last consignee m to the UCC is stop m+1). Furthermore, the UCC is equipped with [image: ]number of trucks and [image: ] number of drivers. Each vehicle is represented by [image: ] and each driver is represented by [image: ] There are D working days in one month, and each working day is represented by[image: ] The total distance travelled by a vehicle in one working day is [image: ] The total driving time for a driver on one working day is[image: ] The total stopping time for a driver from consignee 1 to consignee m in each working day is [image: ]
[image: ]
[bookmark: _Ref34732362][bookmark: _Toc34675035][bookmark: _Toc34734827][bookmark: _Toc46053682][bookmark: _Toc66698713]Figure 4‑4: Urban delivery process
The cost of the last-mile delivery ([image: ]) is constituted by the ‘cost of fuel (gasoline) consumption ([image: ])’ and the ‘cost of human resources by drivers (driving hours) ([image: ])’. Here, the cost of fuel (gasoline) consumption ([image: ]) can be calculated by:
	[image: ] 	
[image: ] = Fuel efficiency of the vehicle
The statistics from the US Department of Transportation (BTS, 2017) for the average fuel efficiency of a light truck (capacity < 4,000kg), travelling 55% city and 45% highway miles, are shown in Table 4‑2. 
	Year
	2001
	2002
	2003
	2004
	2005
	2006
	2007
	2008

	Fuel efficiency
	Mgp (US)
	20.9
	21.4
	21.8
	21.5
	22.1
	22.5
	23.1
	23.6

	
	L/100KM (EU)
	11.3
	11.0
	10.8
	10.9
	10.6
	10.5
	10.2
	10.0

	Year
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016

	Fuel efficiency
	Mgp (US)
	24.8
	25.2
	24.7
	25.0
	25.7
	26.5
	27.3
	27.4

	
	L/100KM (EU)
	9.5
	9.3
	9.5
	9.4
	9.2
	8.9
	8.6
	8.6


[bookmark: _Ref34732423][bookmark: _Toc34674985][bookmark: _Toc34734777][bookmark: _Toc46053562][bookmark: _Toc46093811][bookmark: _Toc66698778]Table 4‑2: Average fuel efficiency for light trucks, US Department of Transportation data
[image: ]= Gasoline price per litre
The regional prices of petrol and diesel is daily fluctuating and fuel price also varies between countries. 
[image: ]= Number of vehicles used per day
Cost of human resources, by drivers ([image: ]):
	[image: ] 	
[image: ]= Hourly wage of driver 
[image: ]= Number of drivers
Therefore, the cost of last-mile delivery ([image: ]) is as follows: 
	[image: ] 	
Cost of goods receipt is generated by the stopping hours of the drivers:
	[image: ] 	
The cost structure above can be used for analysis at the planning stage, providing the decision-maker a general view of the total expenditure and the proportions of the various sub-category expenditures. Although the formulae can estimate the cost generated by different logistics activities, they do not consider external factors (e.g., real-time traffic conditions, delivery risk), which may impact the cost in practice. Therefore, the numerical output of the framework is a rough estimate. 
[bookmark: _Toc46053453][bookmark: _Toc46093367][bookmark: _Toc46093650][bookmark: _Toc66703226]Numerical experiment
The experiment process is based on the “E-mile” software. Details are given in Appendix VIII.
[bookmark: _Toc46053454][bookmark: _Toc46093368][bookmark: _Toc46093651][bookmark: _Toc66703227]Resource of data input
The data source in this experiment of the simulation are from three domains, in terms of (1) secondary data from website and the previous report (Table 4‑3) ; (2) the primary data from planning result (Table 4‑4); (3) the assumed data from subjective estimation (Table 4‑5). 
Secondary data is mainly about the index of equipment and human resources. Planners input such kind data can refer to the reality values of their actual situation, such as the actual parameters of equipment configuration and the salary of local logistics marketing. Such design can ensure that the cost analysis tool can be applied to any planned UCC case.
	Data Categories
	Notation
	Values
	Source

	Wages of UCC Operator
	[image: ]
	£ 7.91 per hour
	Payscale.com

	Wages of drivers per Hours
	[image: ]
	£ 8.09 per hour
	Payscale.com

	Petro Cost per Litre
	[image: ]
	128 pence per L
	Confused.com

	Fuel efficiency of the Vehicle
	[image: ]
	9.4 L per 100 KM
	(BTS, 2017)


[bookmark: _Ref44955190][bookmark: _Toc46053563][bookmark: _Toc46093812][bookmark: _Toc66698779]Table 4‑3: Secondary data
The value of “Data from planning result” can be generated through potential routing planning tools (Such as industrial software). Planners may input the data into this tool such as: GIS information of the city, location/numbers of UCC, total goods weight to be delivered, and location/numbers of demand points. Then such tool can calculate the value of output data such as total travel miles, the total goods handling time, the total driving time, and total vehicle stopping time.
	Data Categories
	Notation
	Values

	Numbers of Consumers
	m
	43

	Total Goods Weight
	[image: ]
	2664 KG

	Total Travel Miles
	lj.
	43416 m

	The total goods handling Time
	[image: ]
	0.37hours

	The total driving time 
	[image: ]
	0.5hours

	Total stopping time
	[image: ]
	1.07hours


[bookmark: _Ref44955212][bookmark: _Toc46053564][bookmark: _Toc46093813][bookmark: _Toc66698780]Table 4‑4: Data from Planning Result
This chapter define the assumed data into the ‘data associated with UCC configuration’ and ‘data associated to types of expenditure’. The ‘data associated with UCC configuration’ includes UCC working days and numbers of workforce related to the goods sorting and distribution. The ‘data associated to types of expenditure’ contains the value of pre-set fixed cost in Table 4‑1. Planners can input such kind of data according to the different configurations 
	Types of Data
	Data Categories
	Notation
	Values

	Inputted values of ‘parameter’
	Numbers of UCC Operator
	[image: ]
	1

	
	Working Days
	[image: ]
	1

	
	Numbers of Vehicles used per day
	[image: ]
	1

	
	Numbers of drivers
	[image: ]
	2

	Inputted values of ‘cost’
	Facility Renting Cost
	Cfr
	£200/day

	
	Materials Using Cost
	Cmu
	£20/day

	
	UCC Operating Cost
	Coc
	£150/day

	
	Other Overhead Cost
	Cov
	£10/day

	Price Charging
	------------------
	Pr
	£0.03/KG


[bookmark: _Ref44955230][bookmark: _Toc46053565][bookmark: _Toc46093814][bookmark: _Toc66698781]Table 4‑5: Assumed Data
[bookmark: _Toc46053455][bookmark: _Toc46093369][bookmark: _Toc46093652][bookmark: _Toc66703228]Data output
Table 4‑6 illustrates the output of the experiment. Based on these data of the UCC’s cost, a final report of the financial status of UCC will be produced to the planners. Planners can understand the UCC cannot generate profits as the fixed cost is high. Furthermore, planners can also notice that the income is more than the variable cost, in order to achieve the break-even, UCC should attracted more numbers of users.
	Types of the Cost
	Goods Movement Stage
	Value

	Fixed cost
	------------------
	£380

	Variable Cost
	In-facility Cost
	£2.9

	
	On-road Cost
	Last-mile Delivery
	£18.6

	
	
	Goods Receipt
	£17.3

	
	Total Variable Cost
	£39.8

	Income
	------------------
	£79.9

	Gross Profit
	------------------
	-£339.9


[bookmark: _Ref44955694][bookmark: _Ref44955689][bookmark: _Toc46053566][bookmark: _Toc46093815][bookmark: _Toc66698782]Table 4‑6: Output of the Fixed and Variable Cost of UCC
[bookmark: _Toc34734562][bookmark: _Toc46053456][bookmark: _Toc46093370][bookmark: _Toc46093653][bookmark: _Toc66703229]Chapter Summary
The design of the UCC cost structure is based on fixed and variable costs. This chapter classifies the variable costs according to logistics activities (the status of goods movement), which includes the ‘in-facility’ and ‘on-road’ costs. Following the such framework, the formulae for calculating these costs are provided. The variables in the formula are related to logistics activities. Planners can easily obtain the values of these variables in the local context (e.g., the number of employees, salaries, expected working hours). A reliable cost estimation enables planners to avoid financial risk during the UCC planning phase. A cost estimation tool based on the real urban environment (urban morphology, expected consumer numbers, consumer locations) could improve the accuracy of the cost estimation. Such decision-making software is introduced in Chapter 8. 
In the next chapter, this research will introduce the stakeholders engagement outcome of four UCCs, such procedures can be as the next step of the cost estimations during the UCC planning stage. 
[bookmark: _Toc34734576]

[bookmark: _Toc46053457][bookmark: _Toc46093371][bookmark: _Toc46093654][bookmark: _Toc66703230]Stakeholder engagement in the urban consolidation centre networks
Although a UCC is a complex system with various stakeholders and a range of objectives, few studies have investigated the stakeholder engagement process. Specifically, many studies of stakeholders’ partnerships are superficial, and lack any in-depth investigation that reveals the process of stakeholders’ engagement in an UCC. Furthermore, many case studies are just based on secondary data, such as those conducted in Parma, Bristol-Bath, Brussels, and the Nijmegen. In other words, new projects are rarely investigated. It is also noted that UCC cases outside Europe have seldom been examined. As a result, many of the findings on UCC stakeholder collaborations are similar, and it is difficult to obtain novel findings on stakeholder partnerships in different cultural and economic environments. To deal with these issues, this chapter conducts a comparative analysis of stakeholder engagement in UCCs in Sweden and China.
In this research, the analysis of stakeholders engagement employs the approach proposed by (van den Bossche et al., 2017) (shown in Figure 5‑1). Since the four UCCs are already in operation, this chapter did not monitor their stakeholders engagement process. Consequently, this study only focusses on the results of the stakeholders engagement rather than describing the details of the meeting process. For instance, this study will not describe how different stakeholders are organised to exchange their opinions nor the numbers of meetings that have been conducted. 
[image: ]
[bookmark: _Ref44970621][bookmark: _Toc46053683][bookmark: _Toc66698714]Figure 5‑1: Approach to analysis of urban consolidation centre (UCC) stakeholder engagement 
Following this structure, the first section of this chapter discusses the LPs of the four UCCs, based on the variables in the three dimensions of agent needs, features of the service area, and product property (Macário et al., 2011). The second section compares the stakeholder collaborations from the following perspectives: (1) identification of the relevant stakeholders, (2) analysis of the motivations for establishing the UCC, (3) methods of gathering UCC users, and (4) integration of different stakeholder interests. In the final section, there is a map of the stakeholder relationships in each UCC, and the features of the different partnerships are discussed.
[bookmark: _Toc46053458][bookmark: _Toc46093372][bookmark: _Toc46093655][bookmark: _Toc66703231]Logistics profiles (LPs) of the urban consolidation centres (UCCs)
The variables in the three dimensions of LPs (agent needs, features of service area, and product property) are listed in Table 5‑1, according to the definition provided by Macário et al. (2011).
	Dimensions
	Types of variable
	Features

	Agent needs
	Urgency of deliveries
	Time request of delivery

	
	
	Irrelevant
Urgent delivery never happens 
	Relevant
Urgent delivery sometimes happens
	Urgent
Urgent delivery normally happens 

	
	Frequency of deliveries
	Volume of orders

	
	
	Low
Several days per week
	Medium
Daily
	High
Hourly

	
	Numbers of customers to be delivered
	Few
	Several
	Many

	
	Vehicle used
	Light vehicles
	Medium truck
	Heavy goods vehicles

	
	Planned deliveries
	No defined routine
	Defined routine
	_____

	Features of service area
	Commercial density
	Percentage of commercial delivery faced by UCC

	
	
	Low
(<30%)
	Medium
(30% to 70%)
	High
(>30%)

	
	Homogeneity
	Types of services and products

	
	
	Low
Various types of services and products
	Medium
Several types of services and products
	High
Cluster of one type of service or similar products

	
	Logistic accessibility
	Level of access to the destination

	
	
	Bad
Poor access between the shop and the parking (e.g., no loading bays)
	Reasonable
Some specific measures to consider logistics needs (e.g., non-exclusive loading bays)
	Good
Transport network suited to logistics needs (e.g., exclusive
loading bays)

	
	Restriction applied
	Yes
	No
	

	Product properties
	Ease of goods handling
	Complexity of goods handling

	
	
	Difficult
Goods handled by
wheelbarrow or crane
	Reasonable
Goods handled manually (> 1 person to carry one unit)
	Easy
Goods handled manually (<1 person to carry one unit)

	
	Special conditions
	Product attributes

	
	
	Special needs
Fragile, perishable products, e.g., valuable products, frozen products, etc.
	Moderate special needs
e.g., open packages, food might have special needs (temperature, etc.) 
	No special needs
Normal product


[bookmark: _Ref44970835][bookmark: _Toc46053567][bookmark: _Toc46093816][bookmark: _Toc66698783]Table 5‑1: Variables in the three dimensions of logistics profiles (LPs) (Macário et al., 2011)
Factors of ‘agent needs’ can influence the resource configuration of UCCs. Identifying the ‘features of service area’ – such as policy restrictions, urban morphology, and street conditions – can enable stakeholders to predict the characteristics of forthcoming delivery tasks. Finally, the elements of ‘product property’ are relevant to the business model and value-adding activities of the UCC project.
	Dimensions
	Types of variable
	UCC Cases

	
	
	Case 1
	Case 2
	Case 3
	Case 4

	Agent needs
	Urgency of deliveries
	Irrelevant
	Irrelevant
	Urgent
	Relevant

	
	Frequency of deliveries
	Medium
	Medium
	High
	High

	
	Numbers of customers to be delivered
	Several
	Few
	Few
	Many

	
	Vehicle used
	Light goods vehicles
	Medium truck
	Medium truck
	Heavy goods vehicles

	
	Planned deliveries
	No defined routine
	No defined routine
	Defined routine
	Defined routine

	Features of service area
	Commercial density
	High
	Low
	Low
	High

	
	Homogeneity
	High
	Low
	Medium
	High

	
	Logistic accessibility
	Reasonable
	Good
	Reasonable
	Good

	
	Restriction applied
	No
	Yes
	No
	Yes

	Product property
	Ease of goods handling
	Easy
	Difficult
	Easy
	Easy

	
	Special conditions
	No special needs
	Moderate special needs
	Special needs
	Special needs


[bookmark: _Ref44970886][bookmark: _Toc46053568][bookmark: _Toc46093817][bookmark: _Toc66698784]Table 5‑2: Logistic profiles (LPs) in urban consolidation centres (UCCs)
The LPs of the investigated UCCs are presented in Table 5‑2. The LP of Case 1 reveals that the UCC services a cluster of consumers with specific types of goods in a small commercial zone. This facility implements daily delivery tasks. The schedules are pre-planned, and customers do not have urgent requirements for delivery. The accessibility of the UCC distribution area is moderate, as not all destinations have feasible parking spaces. The types of goods delivered are packages which do not require special processing. Therefore, the level of value-adding services is low. The LP of Case 2 indicates a facility with a cluster of users, with different types of goods, on a specific site. The users provide available parking spaces for delivery, thus the accessibility of this UCC is good. There are daily delivery services and the schedules are pre-planned. The types of goods delivered are construction materials, and the partial goods are fragile and perishable, requiring special care. Thus, there are moderated value-adding services. This fact enables the UCC to formulate pricing according to the types of material handled by the facility. The LP of Case 3 indicates a UCC with various types of consumers and specific goods types, serving the entire city. The UCC conducts hourly delivery services. Most of the delivery schedules are pre-planned, but the facility also processes urgent orders. Partial customers provide parking spaces, thus the accessibility of the distribution area is moderate. The types of goods delivered are medical products and equipment, most of which requires a thermostatic environment. Thus, the level of value-adding services is high. The LP of Case 4 describes a UCC service with various types of consumers and multiple types of goods, serving the entire city. The facility conducts hourly delivery services. Most deliveries are of random orders, thus urgent orders are frequently processed. Half of the orders are for cold chain products that require low-temperature environments. As a result, the level of value-adding services is high. Only the construction materials in Case 2 are handled by equipment (i.e., a crane), and in all other cases, the goods are unloaded and reloaded manually. 
Having analysed the LP of each UCC, it is essential to understand the kind of SUL challenges that emerge prior to the implementation of the UCC. Table 5‑3 shows that these issues are waiting to be addressed. The primary target of the Swedish cases is the environmental issues, whilst the Chinese cases concern economic issues. In these four cases, it appears that the public authorities tend to prioritise environmental issues, whilst private enterprises focus on logistics efficiency. 
	Case study
	Challenges for sustainability
	Problem finders

	Case 1
	1. Emissions of CO2, NOx
2. A large number of freight vehicles in the area
3. High fossil fuel consumption by traditional vehicles
4. Road safety issues in the city
5. Noise in the city
	Public authority

	Case 2
	1. Noise in the city
2. construction waste on the road
3. Road safety issues caused by lorries
4. Emissions of CO2, NOx generated by traditional vehicles
	Public authority

	Case 3
	1. Large quantities of goods are waiting for delivery
2. Specific requirements for goods storage
3. Low logistics efficiency in goods distribution
4. Poor service quality for medical logistics in the industry
	Medical supplier

	Case 4
	1. Large quantities of goods are waiting for delivery
2. Negative impact on logistics efficiency by the time-windows regulation
3. Poor service quality in cold-chain logistics
	Inter-city shippers


[bookmark: _Ref44970939][bookmark: _Toc46053569][bookmark: _Toc46093818][bookmark: _Toc66698785]Table 5‑3: Challenges for sustainability in each case study
[bookmark: _Toc46053459][bookmark: _Toc46093373][bookmark: _Toc46093656][bookmark: _Toc66703232]Stakeholder analysis
[bookmark: _Toc46053460][bookmark: _Toc46093374][bookmark: _Toc46093657][bookmark: _Toc66703233]Identifying relevant stakeholders
The Freeman (2010) stakeholder theory illustrates the relationships between primary stakeholders and secondary stakeholders, using a two-layer wheel map. The primary stakeholders are located in the inner layer of the wheel, where they create value and support the business of the UCC project. The secondary stakeholders are located in the outer layer of the project, and their behaviour can affect the UCC’s business and operations. There are distinct boundaries between the stakeholder groups. A basic stakeholder map is presented in Figure 2‑8. 
[image: Untitled-2--2223]
[bookmark: _Ref44970983][bookmark: _Toc46053684][bookmark: _Toc66698715]Figure 5‑2: Modified map of urban conslidation centre (UCC) stakeholder relationships
However, the characteristics of the relationships between the four UCCs differ from those shown in Freeman’s map. In the Chinese cases, the different primary stakeholders can be merged, as there is no stakeholder with purely one sole function. In the Company A urban consolidation centre (CAUCC), suppliers, UCC operators, and local carriers come from the same organisation. The company B urban consolidation centre (CBUCC) shows that the UCC facility is the subsidiary of ‘Company B’ (UCC investor). The adjusted stakeholder map is introduced above (Figure 5‑2) to describe the new model of the various stakeholders in the UCC. In this map, there is no distinctive boundary between each primary stakeholder, and the functions of each category are interchangeable. Table 5‑4 and Table 5‑5 display the primary and secondary stakeholders in each of the four UCC cases, respectively. 
	Country
	 UCC cases
	Stakeholder organisations
	Role in urban consolidation centre (UCC) system
	
Stakeholder objectives

	Sweden
	Case 1
	Stockholm Stad (SS)
	Project initiator
	· Travel mile reduction
· Reduce numbers of delivery trips in urban area
· Reduce time for road occupancy
· Reduce fossil-fuel consumption
· Reduce gas emission 
· Improve road safety

	
	
	Waste collection company (WCC)
	Parcel sorting,
parcel delivery
	· Attracting more consumers
· Promoting vehicle efficiency
· Reducing operating costs

	
	
	Logistics company (LC)
	Parcel provider,
funding provider
	· No negative influence on profit
· Attracting more consumers
· Developing cooperation with other potential companies 
· Improving the efficiency of last-mile distribution

	
	
	University (KTH)
	Vehicle provider
	· Applying for more research funding 
· Developing affordable new technology
· Promoting the utilisation of environmentally friendly vehicles
· Improving the efficiency of the electric vehicles (EVs)
· Improving the reliability of electric vehicles (EVs)

	
	Case 2
	Project manager (UPM)
	Project manager
	· Business promotion
· Enhancing social reputation

	
	
	Office of Royal Seaport Project (ORS)
	Funding provider,
strategic planning,
policymaker,
facility inspection
	· Lower emissions
· Fewer vehicles
· High quality of the logistics service
· Cost reduction for the Royal Seaport project
· Improving road safety
· Improving service choice
· Promoting public awareness
· Promoting education and training of sustainability

	China
	Case 3
	Medical (UE)
	Funding provider,
project manager,
facility inspection
	· Improving operating efficiency of the facility
· Keeping costs at an acceptable level
· Maintaining customer satisfaction 
· Preventing emergencies in the facility
· Staff training

	
	
	Medical (HWD)
	Inventory manager,
warehouse operator
	· Maintaining good relationships with customers
· Keeping warehouses efficient
· Improving communication channels with customers
· Solving software issues without delay
· Lowering rates of goods damage 

	
	
	Medical (HDD)
	City delivery,
3PL & outsourcing manager
	· Improving goods loading efficiency
· Solving workers’ overtime utilisation
· Guaranteeing 100% on-time delivery 
· Reducing cash payments for outsourcing
· Lowering rates of goods damage 
· Maintaining customer satisfaction 

	
	Case 4
	City freight company (CR)
	Funding provider,
strategic planning,
inspection
	· Increasing annual profits
· Reducing expenses
· Promoting the company’s social reputation
· Promoting the company’s development

	
	
	CASE 4 (PM)
	Project manager
	· Guaranteeing facility operation efficiency
· Preventing operations risks (e.g., safety, goods damage)
· Ensuring research development

	
	
	University (WHUT)
	Project upgrading,
research development
	· Travel mile reduction
· Reducing travel time
· Reducing fossil-fuel consumption
· Alleviating traffic congestion
· Creating innovative technology
· Evaluating performance of the equipment


[bookmark: _Ref45895395][bookmark: _Toc46053570][bookmark: _Toc46093819][bookmark: _Toc66698786]Table 5‑4: Primary stakeholders based on Browne’s classification of the urban consolidation centre (UCC)
	UCC cases
	Secondary stakeholders
	Details of members

	Case 1
	Real estate
	Facility providers

	Case 2
	Construction company
	Facility users

	Case 3
	Government
	Freight transportation inspector

	
	Suppliers
	Facility users

	Case 4
	Inter-city carriers
	Facility users


[bookmark: _Ref44971040][bookmark: _Toc46053571][bookmark: _Toc46093820][bookmark: _Toc66698787]Table 5‑5: Secondary stakeholders based on Browne’s classification of the urban consolidation centre (UCC)
[bookmark: _Toc46053461][bookmark: _Toc46093375][bookmark: _Toc46093658][bookmark: _Toc66703234] Motivation for project establishment 
Previous studies have illustrated that the primary function of the UCC is to mitigate environmental and social problems in the city. In line with this, the Swedish cases were set up for environmental purposes. On the other hand, the Chinese UCCs show that UCCs can also be built to capture economic benefits. 
The Stockholm City urban consolidation centre (SCUCC) is a ‘government-promoted’ project intended to resolve various environmental and social problems (Figure 5‑3-A). In this model, the government encourages private companies to organise a UCC project to alleviate the external challenges of city freight transportation. The government does not implement any restrictive policy to force companies to participate in the project, nor is it involved in daily operations. The primary reason for joining the project is that the participant agrees with the urgency of the environmental and social issues raised by the government and believes that logistics companies have a responsibility to resolve them in the context of the SUL. The government provides a communication channel for private companies during the planning stage, enabling the companies to reach agreements about the business model. 
[image: ]
[bookmark: _Ref45015715][bookmark: _Toc46053685][bookmark: _Toc66698716]Figure 5‑3: Process of urban consolidation centre (UCC) establishment
The UCC in Royal Seaport (RS) is a ‘government-led’ initiative to resolve issues caused by the construction work in Royal Seaport (Figure 5‑3-B). The government has imposed restrictive policies to force construction companies to use UCC services. The project is publicly funded, with the funds used to recruit employees, build facilities, and purchase equipment. Although run by private companies, it is entirely controlled by the government. Specifically, the government can change the organisational structure, replace participants, alter the operational models, and design the service pricing according to its environmental and social goals. 
The CAUCC is a ‘market-led’ project to promote the efficiency of urban delivery of pharmaceutical goods (Figure 5‑3-C), which are set up by a medical wholesaler. This UCC is purely for business purposes, only private stakeholders participate in the project and no public interventions are applied. This investor wholly owns the UCC and pays all the expenses of this facility. Meanwhile, this UCC is directly operated by this company. Other wholesalers also participate in this project after this UCC establishment, as this facility reduces their logistics and inventory costs, and the quantities of goods handled are increased as a result. These scale economies thus improve the UL efficiency of the facility. As all the participants are enjoying these economic benefits, common interests promote the long-term sustainability of this private project. 
The CBUCC is a ‘policy-led’ project (Figure 5‑3-D), set up in response to the restrictive government policies on urban freight transportation that had a negative effect on conventional intercity delivery. To mitigate this issue, intercity companies use UCC for the transfer of goods in urban areas. ‘Company B’ launched the UCC project to earn profit: as transhipment services resolve the problems created by the policy, intercity carriers thus obtain economic benefits through the project. Serious issues arise due to the competitors in the local logistics market, with many companies investing in UCC projects (and self-employed drivers also operating consolidation transhipment in local markets). This is leading to a loss of market share for the CBUCC.
[bookmark: _Ref45021986][bookmark: _Toc46053462][bookmark: _Toc46093376][bookmark: _Toc46093659][bookmark: _Toc66703235]Urban consolidation centre (UCC) users
Table 5‑6 shows the users’ details. In the SCUCC, the users are the forward and reverse logistics companies (Bring and Ranger-Sells), and the facility obtains its consumers through cooperation between these companies. The consumers have no feelings about the changes caused by the introduction of UCC services. In the Royal Seaport urban consolidation centre (RSUCC), the users are construction companies. They accept the service because of the compulsory government policy. In the CAUCC, various medical industry wholesalers are the users of the UCC. These wholesalers benefit from the project in terms of reductions in cost and lead-time and enhanced logistics efficiency. The facility also benefits consumers (e.g., the hospitals and supermarkets), as total transit times are reduced. The users of the CBUCC are intercity carriers. The service mitigates the impact of the time-window policy on these users, ensuring consumers in the city centre receive their goods on time.
	UCC cases
	Types of users 
	Location of users in the supply chain
	Details of the users 

	
	Single category of user
	Multiple categories of user
	Upstream of the facility 
	Downstream of the facility
	

	SCUCC
	
	
	
	
	Forward and reverse logistics company

	RSUCC
	
	
	
	
	Construction companies

	CAUCC
	
	
	
	
	Medical wholesales

	CBUCC
	
	
	
	
	Intercity transportation companies


[bookmark: _Ref44972900][bookmark: _Toc46053572][bookmark: _Toc46093821][bookmark: _Toc66698788]Table 5‑6: Users’ locations in the transport chain of the urban consolidation centre (UCC)
The success of these four UCCs is due to their users, who provide sufficient volumes of goods. In the Swedish cases, the stakeholders built the UCC projects, which then attracted the users (Figure 5‑4-A). In the Chinese examples, the establishment of the facility was in response to demand from users (Figure 5‑4-B). Users are thus willing to ‘buy’ the services and, consequently, the facility normally can achieve financial sustainability. 
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[bookmark: _Ref44973121][bookmark: _Toc46053686][bookmark: _Toc66698717]Figure 5‑4: Relationships in the urban consolidation centre (UCC) project and the users
All primary stakeholders in the four projects report that it is challenging to enable the receivers or the urban residents to understand the environmental and social contributions of the UCC project. In other words, no receiver actively subscribes to the UCC’s service for the purpose s of mitigating environmental and social issues in the city. Such findings are consistent with the Akgün et al. (2019a): the final customer has little concern about using UCCs as there is little discernible impact on the city environment from UCCs. In the Swedish cases, all stakeholders agree that the service size is small, and it is difficult to gather validating data with which to compare outcomes with and without the UCC facility. In addition, achievements are intangible, thus consumers in the city do not perceive the changes delivered by the project. Given the scale of the goods flow in and out of the city, Chinese stakeholders tend to view the quantity of goods distributed from the UCC as negligible. Even if these projects generate environmental and social improvements, such progress does not affect the logistics performance of the entire city. On the other hand, the local authority launched RSUCC as a publicity platform from which to promote public awareness of green logistics through a display of various green logistics activities. This approach is more effective than a comparison of document data from before and after the implementation of the project.
Categories of provided service
The service of a UCC should be well tailored to the users’ requirements. Therefore, before setting up the UCC project, it is important to identify what are the customers’/ (potential customers’) need in stakeholders engagement. Meanwhile, as the result of stakeholders engagement, UCC operators should confirm what benefits UCCs can provide for its customers. The UCC could create a sound value proposition if the benefits of a UCC meet the requirements of its users. That means such a UCC project ought to be established. According to the interview, this chapter sketch the value proposition of the four UCCs cases. Details in Figure 5‑5 (SCUCC),Figure 5‑6 (RSUCC), Figure 5‑7 (CAUCC), and Figure 5‑8 (CBUCC).
As shown in Figure 5‑5, SCUCC provides the last-mile distribution and reverse logistics service. Its service can perfectly meet the requirement of the LA, which contribute to the environment and society. The last-mile distribution service improves the efficiency of the LSP’s last-mile distribution. On the other hand, UCCs generates additional revenues for the UCC operator, as they can combine the forward and reverse logistics in each delivery.





[bookmark: _Ref46056082][bookmark: _Toc46053687][bookmark: _Toc66698718]Figure 5‑5: Value proposition of SCUCC
As shown in Figure 5‑6, this UCC provides last-mile distribution services, reverse logistics services, and warehouse services. The UCC also meets the requirements of LAs in environmental and social aspects. Due to join this project, UCC operator generates revenues and expands its business opportunities in the logistics industry, as this company gets the experience from managing goods distribution and warehousing. However, the UCC did not generate benefits as the receivers expect and even causes negative impacts on receivers’ business. Such as increased costs, longer shipping time, and high goods damage rate. These issues are caused by the last-mile distribution and the goods storage in the warehouse.
As shown in Figure 5‑7, the CAUCC provides three categories of services in terms of last-mile distribution, warehouse service, and inventory management. These kinds of service perfectly meet the commercial requirements of suppliers and receivers.
As shown in Figure 5‑8, the CBUCC provides services in terms of last-mile delivery and warehouse services. The CBUCC is a commercial UCC initially. It services the intercity carriers thus earning profits. Thereby, its service could provide benefits for all its users according to their requirement. The government cooperates with this UCC to evaluate the performance of a new navigation system in mitigating the negative impact of urban logistics, such as reducing the travel miles and travel times of vehicles, and alleviating traffic congestion. Therefore, public funding is invested in this project. According to the experiment results, the equipping of vehicles with new navigation system can meet the government’s requirement in environmental and social aspects.
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Value-adding services
Value-adding services are required to expand service categories (Browne et al., 2011, Triantafyllou et al., 2014, Paddeu, 2017). All four UCCs investigated provide different kinds of value-adding services, in addition to goods transhipment (Table 5‑7). 
	Urban consolidation centre (UCC) Cases
	Details of value-adding services
	Profit sources of the value-adding services

	SCUCC
	Reverse logistics 
	Consumers of the reverse logistics company

	RSUCC
	Reverse logistics 
	Construction company

	
	Warehouse 
	Construction company

	
	Road maintaining 
	Government budget

	
	Security of the construction area
	Government budget

	CAUCC
	Warehouse service
	Other logistics companies
Other business groups which need constant temperature warehouse
Other logistics companies which require warehouse service

	
	Inventory management
	Wholesalers of medical product and equipment

	CBUCC
	Warehouse service
	Retailers in the city

	
	Agent service of logistics information
	Other local carriers
Government


[bookmark: _Ref45021934][bookmark: _Toc46053573][bookmark: _Toc46093822][bookmark: _Toc66698789]Table 5‑7: Value-adding services of the urban consolidation centres (UCCs)
The economic benefits generated by the SCUCC are primarily from its reverse logistics services, as the integrated forward and reverse logistics of the goods delivery trips can reduce the cost of urban distribution. Construction companies are mandated to utilise the additional services of the RSUCC in terms of reverse logistics and warehouse service. These two services are essential sources of profit. In the RSUCC, partial funding is dedicated for public services in the service area, which means that government spending is not required here. The CAUCC provides value-adding services to different consumers through its surplus goods process capabilities. These services alleviate the financial burden on its investors by increasing the UCC’s revenue. The significant innovation is that the CAUCC provides an inventory management business by cooperating with upstream wholesalers, thereby improving the efficiency of goods distribution in the city as well as reducing the cost of inventory holding and goods delivery. Furthermore, the other stakeholders also obtain economic benefits, as no additional investment in logistics facilities is required to reduce the cost of inventory management and delivery times. The financial sustainability of the CBUCC is highly dependent on its warehouse service for cold-chain products, because a large number of competitors in the normal cargo transhipment business leads to low profit margins of transhiping normal goods. Furthermore, the low-price competition strategies of these competitors may even lead to major losses in the normal goods transhipment business. Under such circumstances, profits from warehouse services are an important factor for the turnaround. The agency service is a forward-looking plan for the development of the facility, preparing for a strategic transformation of the future logistics market. However, such business currently generates limited profits for the UCC. 
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All primary stakeholders benefit from the UCC project. Table 5‑8 lists the key benefits. In the CAUCC, stakeholders found that their interests overlap, primarily because logistics activities are not the core business of these wholesalers. Although Company A competes with other wholesalers in its marketing, its cooperation in the region of logistics – such as ‘shared inventory’ – benefits all stakeholders without harming individual interests. On the other hand, even if Company A has service priority, the high distribution capability of the CAUCC improves the delivery efficiency of other wholesalers. Finally, Company A occupies the largest share of the local medical market, thus it economically beneficial to invest in UCC projects. In contrast, the remaining wholesalers’ smaller market shares mean that they do not enjoy the same cost savings. In addition, no other local logistics companies can provide high quality medical storage and distribution services in Wuhan city. The success of the CAUCC may thus be used to promote cooperation between competing members in supply chain networks.
	Cases
	Project Benefits
	Beneficiaries

	SCUCC
	Simplify the urban distribution process
	The logistics company

	
	No extra payment
	

	
	Cost reduction of reverse logistics
	Waste collection company

	
	Less traffic volume
	Government

	
	Less road congestion
	

	
	Less noise
	

	
	Lower emissions
	

	
	Testing the innovative technology 
	Research group

	
	Research funding
	

	RSUCC
	Cost reduction for the Royal Seaport developing zone
	Office of Royal Seaport

	
	Lower emissions
	

	
	Less traffic volume
	

	
	Improve road safety
	

	
	Increase company profits
	Facility operator

	
	Improve reputation 
	

	CAUCC
	Significantly improve delivery efficiency
	‘Company A’ and other wholesalers

	
	Reduce the logistics cost for facility users
	

	
	Reduce inventory costs for medical wholesalers
	

	
	Minimise travel miles
	‘Company A’

	CBUCC
	Reduce waiting time
	Intercity carrier

	
	Increase profits
	‘Company B’

	
	Improve brand reputation
	

	
	Eliminate the empty return
	Facility operator

	
	Minimise travel miles
	

	
	Decrease travel time
	

	
	Alleviate traffic congestion
	Research group

	
	Test innovative technology
	

	
	Research funding
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Stakeholders in the other three cases enjoy the mutual benefits of their cooperation. Such a collaborative model is akin to people taking what they like at a dinner: the SCUCC may be regarded as a new distribution model of integrated distribution and recycling. As the initiators, the government gains environmental and social benefits; the logistics companies simplify their logistics processes without investing in additional costs; and the recycling company reduces the costs generated by waste collection trips. In the RSUCC, this may be considered a public project by which private companies benefit from the governmental investment. The CBUCC, in contrast, is a private project upgraded by the government: the government tests the new technology, while Company B expands its business scope. 
In addition to understanding the benefits generated by the UCC model, it is essential to consider issues in the cooperative environment. As shown in Table 5‑9, there are twice as many economic issues as environmental and social considerations. The issues such as goods damage rate, cost increasing, information sharing, normally bothers the UCC operators. However, operational issues receive limited attention from existing studies. In the SCUCC, CAUCC, and CBUCC, the operator or investor is responsible for all operational issues independently because the projects generate economic benefits. Therefore, when the major economic beneficiaries are responsible for the main challenges of the project or distribute liability or loss in proportion to their economic gain, this promotes symbiosis between the stakeholders.
The LA is usually responsible for environmental and social issues, and the local authority is a direct beneficiary of environmental and social progress. In this case, the issue is that the government initiated UCC finds it is difficult to attract users, which obstructs the sustainability of the UCC. The primary reason is that private stakeholders (e.g. LSPs and receivers) have no intention to change their business model to pursue environmental and social benefits.  Besides this, private stakeholders do not consider themselves beneficiaries of the environmental and social improvements. On the other hand, since the UCC normally services a small area and deals with a small number of goods in the early stages, the environmental and social progress is negligible. This factor prohibits new candidate users in obtaining these service from the UCC project, which is the cause of the vicious circle of UCC sustainability.
The government can force private stakeholders to sacrifice part of their commercial interest to protect the environmental and social interests of the city. Of those under study, the RSUCC is the only project to suffer issues of poor service quality. The government has applied mandatory policies that shift these problems to UCC users. There is no stakeholder responsible for this in the RSUCC. The experience, in this case, shows that, if the local authorities have substantial power over the project, regulation can be used to enable secondary stakeholders to undertake the issues of the project. 



	Urban consolidation centre (UCC) cases
	Participants
	Participants’ issues in the urban consolidation centre (UCC) projects

	
	
	Details of economic issues
	Details of environmental issues
	Details of social issues

	SCUCC
	Carrier
	· Difficult to improve the business scope
· Limitations on capacity of the goods storage area
· Low reliability of electric vehicles (EVs)
· Lack of information sharing between intercity carrier and UCC
· Lack of goods pre-processing before the goods the facility
	· Environmental progress is insignificant
	· No public awareness of the work
· Lack of policy support for the dedicated parking area

	
	Shipper
	· Difficult to improve the business scope
	·  
	· Limited private participants

	
	Government
	 
	· Environmental progress is insignificant
· Service area of project is very small
	· No public awareness
· Limited private participants

	
	Researcher
	· Issues of electric vehicles (EVs) due to the mistake of vehicle designing
· Difficult to propose an optimisation scheme for delivery process
· Insufficient financial support for the research
	· Limited delivery volume lead to insufficient statistics on performance of electric vehicles (EVs)
	· No policy support for the utilisation electric vehicles (EVs) 

	
	Real estate
	 
	· Environmental progress is insignificant
	·  

	RSUCC
	Office of Royal Seaport
	· Cost increases
· UCC only could provide services for limited types of product
· High rates of goods damage 
· Additional time generated by goods handling process
· Additional staff training required
	 
	· Strong political intervention causes the justification issues. 

	
	Facility operator
	· Issues for the management of relationships between different companies
	 
	· Insufficient human resources during vacation period

	
	Customers
	· Extra costs for delivery
· High rates of goods damage 
· Additional time generated by goods handling process
	
	 

	CAUCC
	Company A
	· Changes of business strategy by Company A may cause the break the cooperation between seven eight medical suppliers 
· Unable to control increasing rate of expenditure for goods handling.
· Pre-configured goods handling ability cannot meet the demand increased significantly
	 
	

	
	Warehouse department
	· High risk of goods damage rate during goods handling
· Unreasonable resource deployment between warehouse and distribution department
	· Lack of long-term measures to reduce the waste generation
	

	
	Distribution department
	· Poor service from the hired 3PL companies for medical delivery in urban area
· Limited delivery capability can be provided by UCC
· Government regulation leads to inefficiency of city delivery process
	
	· Illegal vehicle parking behaviour in urban delivery
· Workers’ overtime utilisation

· Offences in traffic regulation


	
	Government
	
	 
	· Insufficient inspection

	CBUCC
	Company B
	· It is difficult to build long-term cooperation between UCC and the intercity carrier
· Strong vicious competition from local companies
· Low profit margin for normal goods
	· Achievement from the experiment is intangible
	

	
	Facility operator
	· 
	 
	· Illegal goods-loading behaviour (over-loading)
· Workers’ overtime utilisation

	
	Researcher
	· Research results cannot be implemented in practice 
· Technological innovation cannot bring economic benefits as Company B required
	· Consolidating delivery model cannot promote environmental benefits under extremely large business volume
	 


[bookmark: _Ref45015848][bookmark: _Toc46053575][bookmark: _Toc46093824][bookmark: _Toc66698791]Table 5‑9: Participants’ issues in urban consolidation centre (UCC) project
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The four cases represent four types of stakeholder partnership, defined as follows: independent partnership (SCUCC), asymmetric partnership (RSUCC), affiliated relationship (CAUCC), and PPPs (CBUCC). 
In the SCUCC, all stakeholders are independent of one another and have individual responsibility for the project. There is no intervention between the different stakeholders. The logistics company is only concerned that its budgets are not overspent and that its goods are safely delivered in a timely manner. The logistics companies do not know the operational details (e.g., goods distribution, materials deployment, and equipment configuration), as these are the responsibility of the UCC operator. The local authority does not set targets for the environmental and social performance of the facility. Research institutions provide equipment, such as EVs, but they have no sense of how the operator utilises them (Figure 5‑9). The partnership is constructed based on the provisions in the contract, thus the relationship between the agents is loose. In this framework, the cooperative stakeholders primarily solve problems through consultation.
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[bookmark: _Ref45017308][bookmark: _Toc46053691][bookmark: _Toc66698722]Figure 5‑9: Independent stakeholder partnerships in SCUCC
The RSUCC provides an example of an asymmetric partnership between stakeholders. The RSUCC has an outstanding performance on interoperability (Malhene et al., 2012), as it has a broad service scope and diverse operating modes. This project has a hierarchical organisational structure (Figure 5‑10). In such a system, stakeholders on the upper level manage those on the lower levels. As this is a state-owned project, the local authority is located on the first level. It provides all enterprise resources – financial, material, human, and technical – for its partners. Therefore, the local authority has a dominant role in the collaborative network, formulating strategy and making decisions without considering the opinions of its partners. The stakeholders in the second and third hierarchy must abide by the decisions of the local authorities.

[bookmark: _Ref45017320][bookmark: _Toc46053692][bookmark: _Toc66698723]Figure 5‑10: Asymmetrical stakeholder partnerships in RSUCC
There is no intervention between the pairs of stakeholders in the operational process, though they have close links with others. In particular, upper-level stakeholders can set performance targets for lower-level stakeholders, while those on the upper level must take responsibility for deficiencies created by those on the lower level. If targets cannot be achieved, high-level stakeholders have the right to remove low-level stakeholders who perform poorly in the UCC project. 
CAUCC provides an example of a UCC which is affiliated to ‘Company A’ (Figure 5‑11). Company A is the sole investor and operator of CAUCC, with responsibility for improving logistics efficiency, dealing with operational issues, and covering expenses. The warehouse department and distribution department serve to maximise Company A’s economic benefits. 


[bookmark: _Ref45017355][bookmark: _Toc46053693][bookmark: _Toc66698724]Figure 5‑11: UCC affiliated to the Company A
The partnership between Company A and the secondary stakeholders (including other medical wholesalers, third-party logistics companies and non-medical users) can be described as ‘core and periphery’. Company A is the ‘core’ in this collaborative system and its interests have priority over those of others. Company A can independently determine the form of cooperation with the secondary stakeholders, as well as the duration of that cooperation. The other stakeholders are located at the periphery in this collaborative system: they cannot influence the operation of CAUCC. Although their interests are low priority, the UCC guarantees them economic benefits higher than those associated with individual processing of goods transportation.
The CBUCC is a PPP project in which Company B, the local authority, and researchers cooperate to develop an innovative UL system. The cooperation between the public sector and private enterprise is based on a concessionary agreement. Both parties are responsible for the project. The government and ‘Company B’ each provide a portion of the resources (Figure 5‑12): the government supplies the funding and infrastructure, and Company B provides the equipment, human resources, and business model (as the experimental sample). In this alliance, the operator is the subsidiary of Company B. The government is not involved in running the project. Instead, research groups take on the project planning and feasibility evaluation, and the research institution monitors the operational status and performance of new equipment utilisation. 
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[bookmark: _Toc46053465][bookmark: _Toc46093379][bookmark: _Toc46093662][bookmark: _Toc66703238]Discussion
[bookmark: _Toc46053466][bookmark: _Toc46093380][bookmark: _Toc46093663][bookmark: _Toc66703239]Advantages and disadvantages of different partnerships
The advantages of independent partnerships for stakeholders (as reflected by the SCUCC) are as follows: (1) no significant additional investment is required during the project establishment; (2) the responsibility scope of the stakeholders is clear, which mitigates disputes caused by blurred boundaries; and (3) limited public funding is invested, as the project is independently managed by private companies and the local authority does not take responsibility for losses and development. However, there are also disadvantages. First, the process of stakeholder engagement is complex, and mutual benefits must be identified, which requires in-depth understanding and communication. Second, a project inspired by moral sensibilities is difficult to expand because not every company believes it has an obligation to mitigate the environmental and social issues that affect its city.
The primary advantage of an asymmetric partnership is that it can achieve significant environmental and social effects in short periods, owing to regulatory support. Furthermore, there is a strong executive force to achieve the business targets, as upper-level stakeholders can manage those on the lower level in the hierarchical organisational structure. With the private stakeholders having various strengths, parties can utilise the resources to maximise their advantages in specific regions (e.g., experience in management, technical advantages), thus leading to a more effective operation. However, no economic benefits can be allocated to users, which increases user expenditure. In fact, government intervention generates extra costs for the users in terms of money, time, and efficiency. Furthermore, without strong policy support, clients easily abandon such projects. Finally, as this particular UCC serves the construction industry, it stands to be terminated when all building tasks are complete. The long-term sustainability of the project thus requires transformation to include services for other industries. This problem is commonly discussed in previous research, as many logistics initiatives have closed following completion of their phased tasks.
As the CAUCC is directly managed by Company A, it is highly efficient in transhipping the cargo owned by Company A. In addition, the common economic interest of the different stakeholders could promote long-term sustainability. The facility coordinates various stakeholders with heterogeneous attributes, with parties including suppliers, consumers, LSPs, and third-party logistics (3PL) companies. However, this model can only operate in metropolitan areas, as a pre-condition for stakeholder benefits is a high level of logistics demand in the city. In addition, there is potential instability in the cooperation, as members can leave at any time and without giving a reason. Consequently, it would be difficult to transfer such a project to another region, as it requires overlapping interests among all stakeholders. 
In the CBUCC, the advantage of the government upgrading an existing project, rather than investing in a new one, is the improvement in efficiency and reduction in investment risk. In addition, the PPP can guarantee the ‘profitability’ of Company B through public subsidies for project building and economic rewards for the completed project. The PPP model enables the government and private enterprise to make full use of their respective resources: combining the social responsibility, public resources, and coordination ability of the government with the operational efficiency of the logistics companies. The issues of the UCC are generated by the local competitors (e.g. self-employed drivers or other transhipment companies) who will split the market share through a low service price strategy.
[bookmark: _Toc46053467][bookmark: _Toc46093381][bookmark: _Toc46093664][bookmark: _Toc66703240]Function of local authorities
Following a review of the literature, (Lebeau et al., 2017) the categorised acts of public support as either financial or regulatory. Based on their definitions, the different types of public intervention in the four cases are illustrated in Figure 5‑13.
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[bookmark: _Ref45017816][bookmark: _Toc46053695][bookmark: _Toc66698726]Figure 5‑13: Strength of government intervention in urban consolidation centre (UCC) projects
The CAUCC does not receive any public support, whilst the government was the initiator of the SCUCC project. It provided a communication channel for stakeholders during the establishment stage and helped the two builders (the logistics company and the waste collection company) to identify the mutual benefits of integrating their respective operations. However, the government has not given any support to the project during operations. The CBUCC is a PPP project, thus the government and Company B are investing together. The government provides capital, public infrastructure, and IT. It also franchised Company B to operate a public platform of ‘local logistics information sharing’ to promote the efficiency of the CBUCC. In contrast, the government is the sole investor in the RSUCC, and it can inspect and control the operation. Public support includes compulsory policymaking, which requires consumers to use the UCC and mandates punishment for any individual deliveries.
Financial support
With or without financial support
Subsidies are an essential incentive for promoting UCC development (Duin et al., 2016, Kin et al., 2016, van Heeswijk et al., 2019). In the start-up phase, subsidies attract users, which covers the additional cost of the UCC which keeps the service charge of the UCC at a lower level (Akgün et al., 2019a). For the SCUCC and the CAUCC, subsidies are not necessary to ensure financial feasibility.
The experience of the SCUCC illustrates that a successful UCC that does not rely on subsidies should employ an innovative business model that does not cause the ‘paying users’ to take on the additional goods handling process. This finding is different from the argument in previous studies which insist that a self-sustaining UCC should only depend on enough customers (e.g. Browne et al. 2005; Quak, et al. 2014; Kin et al. 2016; Björklund et al. 2017). In other words, the total expenditure of the entire supply chain should not be increased by the additional cargo-handling process. The ideal financial source is the financial redistribution of the LSPs in a UCC network. In the SCUCC, the income comes from the extra financial benefits of the upstream stakeholders. The fundamental factor in the success of this model is the deep mutual trust between internal stakeholders, as well as the mechanism for accurately estimating the additional benefit. On the other hand, the low initial investment can reduce the extra cost generation of the entire supply chain. Since the facilities and resources of this UCC are based on an existing mini-hub of logistics companies in the city centre, limited initial investment is required for stakeholders to build a new project. Based on such configuration, there is no need to involve many users to reach the break-even.
The CAUCC has a healthy financial status and does not rely on funding support from the local authority. This is because (1) there is sufficient demand for medical logistics in the local market - this factor confirms the argument from previous studies (e.g. Browne et al. 2005; Quak. 2014; Kin et al. 2016; Björklund et al. 2017); (2) there is a lack of qualified medical LSPs in the local market; and (3) the facility is profitable for investors. It was these factors that originally encouraged Company A to independently establish the UCC project. In addition, a large investment is required to establish a qualified distribution centre dedicated to medical logistics. This generates a barrier to entry for investors in this market, thus preventing potential competitors for the CAUCC. Together, these reasons have led to a stable UCC in the market that does not rely on interventions from the local authority.
Both the SCUCC and the CAUCC conduct a ‘stepwise business expanding’ strategy, which just serves one user (the SCUCC serves the intercity logistics company and the CAUCC serves ‘Company A’ alone) at the initial stage. When a stable partnership with this user is generated, the UCC will involve more users to build new partnerships. After a period of development, the high service quality and low service price of the CAUCC successfully attracts more users. The cargo handling volume increased along with involvement of more users, thus the CAUCC could enjoy the scale of economy. On the other hand, an inventory sharing mechanism constructed by these users improved the logistics efficiency (e.g. reduced the lead-time of the ordering) as well as reducing the inventory-holding cost for all users. However, SCUCC is difficult to involve new participants in the UCC facility. One reason is that the service of the SCUCC is not irreplaceable, as the types of goods are normal parcels, which do not need any special treatment. Therefore, purely relying on market factors is difficult for the SCUCC to attract new partners. The government should organise more stakeholders engagement events for the potential users of UCC to illustrate the potential economic benefits of the SCUCC that can generate to these companies. If more numbers of users subscribe to the SCUCC, the economic scale can be achieved to reduce the last-mile delivery cost.
Utilisation of public funding
Both the RSUCC and the CBUCC receive public capital. The primary factor in their success has been strong governmental power in the area of public governance. The Swedish and Chinese governments can independently use large budgets to improve local traffic conditions, whilst this is impossible in countries with less governmental power. 
The RSUCC engages in the traditional utilisation of public funding: the government provides the start-up capital to rent the facility, purchase the equipment, and employ an operator and manager for the project (Lebeau et al., 2017, Akgün et al., 2019a). As the service is compulsory for users, the investment cost is easily retrieved. 
The example of the CBUCC shows that upgrading a UCC project with public investment is preferable to investing in a new project with this type of funding. The development of a PPP project can be regarded as optimal for the utilisation of public funds. First, upgrading existing projects requires less investment. For example, there is no need to invest in equipment or human resources, as these are supplied by the private company. Such benefits reduce the financial burden on the local authorities. Second, the government is not a service provider, which prevents direct government intervention in the market. Third, there is a light operational risk for both the government and the private company. As a commercial project already has a effective operational system, many potential operational issues are already avoided or addressed before government participation, thereby protecting the government from operational risks. In addition, private companies can use the public investment to promote their business, without bearing the capital risks associated with independent business upgrading or transformation. 
Regulatory support
In the CBUCC, a restrictive policy was implemented to regulate all the traffic, which moves into the urban area rather than to support the UCC project. As reported by (Janjevic and Ndiaye, 2017a), this policy can indirectly support the UCC project, as it can generate extra costs or lead to deficiencies in the urban distribution for the LSPs, which thus leads to LSPs outsourcing their urban delivery services to the UCC. In the case of the CBUCC, the time-windows policy moved the intercity deliveries from non-local trucks from 10 pm to 7 am. This policy has increased the expenditure of the intercity carriers due to the extra dwelling time, thus creating a new logistics demand for goods transhipment. Since the restrictive policy does not aim to support the UCC but seeks to regulate the entire freight transportation in the urban area, there is no legal battle between the intercity carriers and local authorities. 
The RSUCC benefits from the compulsory policy that forbids the LSPs from accessing a region of the city. Such a strict restrictive policy resolves the challenge of consumers being ‘reluctant to pay for the additional cost of UCCs’ (Allen et al., 2014). The experience of the RSUCC is consistent with the results of previous studies, indicating that the compulsory UCC is difficult to act as the only entrance of the delivery vehicles, at the scale of the entire city. Therefore, ‘such a compulsory framework seems to be more suited to a UCC servicing a specific site’ (Lebeau et al., 2017). The finding, in this case, extends the opinions from previous studies: if government have enough power, strong policy could not only cause stakeholders who are reluctant to participate in the project becoming the customers, but could also force them to undertake the operational risk of the UCC project.
It seems that previous studies have not explored the provision of public support for the SCUCC. ‘Public support’ is defined in the SCUCC as business support. This differs from the financial and political support mentioned in previous studies. Here, the governmental role provides a platform on which to integrate different stakeholders and develop innovative business models. The SCUCC exemplifies the benefits of this model: first, it does not require substantial public investment or restrictive policies that would disrupt the market. Second, it does not harm the interests of any stakeholders in the UCC network. Finally, private partnerships ensure operational efficiency and financial sustainability of UCC projects. However, as reported by the local authority, business integration is ad-hoc in different scenarios, with successful approaches difficult to replicate in other partnerships. The subsequent business expansion thus requires the investment of additional government resources.
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Enhanced overall strategy 
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[bookmark: _Ref45017833][bookmark: _Toc46053696][bookmark: _Toc66698727]Figure 5‑14: Different models of the three dimensions in sustainable urban logistics (SUL) 
The dimensions of economy, environment, and society form the ‘triple bottom line’ of SUL. Previous research has suggested that these three dimensions should serve as the pillars of the sustainable development of UL (Figure 5‑14-A). Under this definition, all three dimensions should develop synchronously. For example, if one UCC is highly profitable but generates extremely high levels of pollution and waste, whilst another facility produces zero pollution but suffers severe financial losses, neither project would be considered sustainable. Therefore, the overall strategy should be distinguished significantly between the development of the three dimensions. However, such an ideal situation would be difficult to achieve in practice, as the interests of different stakeholders (e.g., private and public stakeholders) must be balanced.
In this situation, definitive stakeholders (definitive stakeholders have high salience, these stakeholders have priority over others. More specificically, definitive stakeholders have the power to influence the firm, have legitimacy of the stakeholders’ relationships with the firm and have the urgency of the stakeholders claim on the firm. According to the definition from Mitchell et al. (1997) ) can influence the decision-making process during strategy formulation (Table 5‑10). The leadership of definitive stakeholders could make the sustainable development model of a UCC match their request and interest; thereby, the UCC can enjoy long-term sustainability with their support. 
	Project
	Definitive stakeholders
	Role in the network
	Property

	SCUCC
	Logistics company
	Intercity carrier
	Private

	
	Waste collection company
	Facility operator
	

	RSUCC
	Office of Royal Seaport
	Government
	Public

	CAUCC
	Pharmacy company
	Supplier
	Private

	CBUCC
	Logistics company
	UCC investor
	Private
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The local authority is the definitive stakeholder in the RSUCC project, and it supplies all resources to the project. The local authority expects the facility to improve the environment in the service area, thus the environmental benefits are prioritised over the benefits of other dimensions (Figure 5‑14-B). However, planners have sacrificed their profitability. The local authority believes that the best financial situation for the facility is to break-even. A profitable UCC can lead to high service fees, significantly increasing users’ expenditure. The local authority also believes that a low service charge could attract more users to the project. For these reasons, public authority receives no financial rewards. However, due to public support, all other participants (as shown in Figure 5‑14) obtain economic benefits from the project.
The SCUCC, CAUCC, and CBUCC represent another kind of SUL model. The definitive stakeholders are private companies, which regard economic benefits as the cornerstone of the SUL (Figure 5‑14-C). These are taken as the basic goal during the planning stage, when there is no mandatory policy in place. It is thought that only if a UCC can achieve a healthy financial status can it independently operate in the long-term. Specifically, neither the intercity carrier nor the waste collection company allows their expenditure to increase whilst cooperating in the SUCC project. The ‘medical supplier’ focuses on the logistics efficiency of the CAUCC, with profitability a prerequisite for Company B. 
There are some drawbacks to Models B and C. To emphasise environmental progress in Model B, strict administrative interventions are required, but political intervention disturbs the efficiency of the original logistic activities and increases the expenditure of the UCC users. This leads to opposition from potential interest groups during the policymaking process. In addition, the initiator (the definitive stakeholder) must invest sufficient resources to feed other stakeholders, as the project will not generate economic benefits for its participants. Thus, a successful UCC project that relies on mandatory policies and huge investment can only be successful if the local authority has strong regional influence and power. When adopting Model C, it is difficult to transfer the economic gains to the other two dimensions. There are three reasons for this: first, the experience of the SCUCC shows that, despite success in a small service area, environmental and social benefits may be insignificant; second, it is difficult to expand the consolidation delivery model to a larger scale, as not all service areas of the companies overlap; and finally, the example of the CAUCC illustrates that commercial UCCs will not actively make additional expenditures on environmental improvements if there are no external incentives (such as regulations, special funding, new policy, etc.) from government.
Stakeholder consensus
As reported in section 5.2.4, the different roles of the stakeholders lead to a diverse range of challenges. The primary approach to dealing with these operational issues is to form a consensus between the stakeholders on the issues’ seriousness. There are three methods of building stakeholder consensus: a complete communication channel, the influence of definitive stakeholders, and the expert knowledge of the managers. Each of these is demonstrated in the four cases.
A strong communication channel is useful for stakeholders with independent partnerships or PPP to exchange opinions and share their experiences. Individual stakeholders can raise issues through regular meetings or workshops during the operation, with problems discussed and evaluated by all stakeholders. In this way, problems that may have a negative impact on the project or on other parties can be identified. For example, In the SCUCC, a ‘lack of logistic information sharing’ is highlighted by the UCC operator, the logistics company could recognise that this may cause delays owing to longer time requirements for the goods transhipment process. Therefore, these stakeholders may agree to upgrade their information systems to share information more efficiently. In the RSUCC, this measure is extended to secondary stakeholders (e.g., consumers) to collect their opinions on project improvements.
The definitive stakeholders require the other stakeholders to be aware of the significance of their raised issues in the UCC. The local authority is a definitive stakeholder, providing resources to the other parties in the RSUCC. This asymmetric partnership may force the other stakeholders to address the most serious issues identified by the local authorities. For example, to resolve the issue of ‘poor service quality’ reported by users, the local authority replaced the former operator with an experienced consulting company in the area of construction logistics. As an investor, Company B can independently alter the business to cold-chain products to avoid the issue of ‘narrow profit margins in general goods delivery’, caused by large numbers of competitors.
The expert knowledge of managers can support other stakeholders to better understand the issues arising. This is partly because matters raised by experts are more easily accepted by other stakeholders. In addition, experts can more precisely rank the importance of the various considerations, ensuring that the project is reasonably deploying resources to resolve high-priority problems. The managers in Company A, the distribution department of the CAUCC, Company B, and the CBUCC each have more than 10 years’ working experience. Many issues in the CAUCC and CBUCC have been raised by these stakeholders.
Economic effects
The business status of the users is altered after they participate in the UCC project. Except for the RSUCC, the users in the other UCCs receive at least one kind of benefits on their business According to Table 53, the SCUCC and CAUCC can be regarded as the optimal model of UCC cases which produce positive economic effects on their users. Furthermore, it can be noticed that ‘cost’ is not the only variable that determines whether users (potential users) obtain the UCC’s services. The key element in promoting the sustainability of UCCs is to enable LSPs/suppliers so that they can acquire operational benefits by designating UCC for urban distribution (Quak et al., 2014). For instance, the CBUCC shows that this facility produces additional cost for the intercity carriers. On the other hand, this UCC also improve logistics efficiency and service quality for its users. Obtaining services from the CBUCC can be regarded as users investing money for a better service. This model is a sound compromise solution that balances all interests of the stakeholders.
	UCC Cases
	Cost changes of users
	Changes on logistics efficiency of users
	Changes on service quality of users

	SCUCC
	
	
	

	RSUCC
	
	
	

	CAUCC
	
	
	

	CBUCC
	
	
	

	: increased/improved  : no change  : reduced/deteriorated


[bookmark: _Ref45740823][bookmark: _Toc46053578][bookmark: _Toc46093827][bookmark: _Toc66698793]Table 5‑11: Economic impact of UCCs on their users
van Heeswijk et al. (2019) identify two different types of UCC business models according to the categories of the UCC subscribers. In the first model, intercity carriers (or suppliers who also organise shipment themselves) outsource their last-mile delivery business to a UCC which consolidates goods from these stakeholders and deliver them to the customers in the urban area. In the second category of UCCs, downstream customers (e.g. retailers, restaurant) designate the UCC facility as a consolidation point in order to activate collaborative delivery mechanisms in an urban area. The experience of the RSUCC indicates that, without the provision of other value-adding services, negative economic effects can be generated in the second types of UCC models. Firstly, since receivers already paid the logistics fees for their ordering, requiring the receiver to obtain the UCC’s service can lead to repeated payment of the user in logistics. Such a finding is consistent with the conclusion from Akgün et al. (2019a). On the other hand, for the goods receivers, additional goods handling in the UCC will generate lead-time and operational risk, which deteriorate the service quality and efficiency of shipment. 
[bookmark: _Toc46053469][bookmark: _Toc46093383][bookmark: _Toc46093666][bookmark: _Toc66703242]Chapter summary
This chapter compared the features of stakeholder engagement in the four UCCs.  The issues arising from the different LPs in four UCCs were analysed; the relevant categories of stakeholder were identified; the motivations of the stakeholders for participation were interpreted; and details of stakeholder partnerships are introduced. The result reveals that a UCC can generate economic benefits for all participating stakeholders. In this way, it is possible for private stakeholders to support UCC together. The real matters are to identify the intersections of the stakeholders’ interests and to mitigate the conflicts between them. As long as these two difficulties are overcome, both private and public stakeholders could formulate the common objectives, which would allow the interests of different stakeholders to be merged. Therefore, organising appropriate stakeholders engagement could help achieve these targets.
There is no denying that there are conflicts during UCC construction and operation. For the purpose of solving these issues during the stakeholders engagement, appropriate tools should be utilised. In the next section, this research will discuss how the MCDM method can be implemented in order to promote the stakeholders engagement.


[bookmark: _Toc66703243]Assessing stakeholders’ preferences in UCC contexts
Logistical activities contribute 10-30% of the total volume of traffic in urban areas (Agrebi et al., 2015); and such freight activities generate approximately 25% of CO2, 30% of NOx, and 50% associated with on-road issues (e.g., noise and traffic accidents) (Dablanc, 2011). Research has shown that, in addition to environmental and social nuisance, urban distribution also generates approximately 28% of the total goods movement cost in the supply chain (Butrina et al., 2017). To mitigate the negative impacts of urban logistics, the European Commission in 2004 proposed to build a sustainable urban transportation system, aiming at enhancing outcomes for the economy, the environment, and society as a whole (Behrends et al., 2008). As part of this strategy, sustainable urban logistics (SUL) should ‘meet economic, environmental and social needs efficiently and equitably, while minimising avoidable or unnecessary adverse impacts and their associated costs, over relevant space and timescales’ (Anderson et al., 2005).
Within this context, pooling solutions have proven to be an efficient method of alleviating environmental and congestion problems in urban areas. The most significant feature of this method is the promotion and implementation of consolidation approaches within city areas. This involves different organisations (e.g., shippers, carriers, customers) collaborating in the common use of logistics resources, such as materials, equipment, and human resources (Morana et al., 2014). As a pivotal type of facility within such models, urban consolidation centres (UCCs) have attracted increasing interest from both the academic community and practitioners. A UCC is ‘a facility involving the trans-shipment of goods directed to urban areas, aiming to consolidate deliveries, and thus provide greater efficiency (and effectiveness) in the distribution process by increasing the truckload factor and decreasing the number of trucks used, which can help mitigate urban congestion and air pollution (Tario et al., 2011)’. In UCC networks, goods coming from different origins should be gathered physically at a consolidation facility before they are moved into urban areas. Following this intermediate step, goods can be sorted according to their destination and due date. Deliveries in urban areas generally happen by employing smaller and greener vehicles (Allen et al., 2012).
A UCC delivery network is normally composed of various stakeholders, such as facility operator, shippers, carriers, UCC administrators, and receivers (Browne et al., 2005). As a large number of stakeholders are involved, conflicts might arise. Indeed, as the attributes of these stakeholders are heterogeneous, their objectives are equally different (Anand et al., 2014). Also, it is difficult to fairly and efficiently allocate overall benefits and costs to different stakeholders in a UCC network (Browne et al., 2007, Tsiulin et al., 2017). Such conflicts might undermine the success chances of UCC projects. 
As such, a successful implementation requires comprehensive consultations between stakeholders to exchange their opinions (Macharis and Kin, 2017). In this way, an appropriated UCC configuration could be developed to balance the interest of different parties, starting from the planning stage. For this reason, UCC planners should seek insights into different stakeholders’ objectives to identify their interests. Some studies have highlighted the preferences of specific primary stakeholders – such as users (Paddeu, 2017) and carriers (Estrada and Roca-Riu, 2017) – and drawn attention on how these influence the business of the UCC. 
The importance of including key stakeholders’ in the development of UCCs has also been recognised (Van Duin et al., 2018). However, there have been insufficient discussions on the heterogeneity of the various key stakeholders’ preferences and on rigorous way to capture these. Specifically, although many studies indicate that conflicting views of stakeholders create conflicts during the project operation, few of them have assessed the extent of the divergence between stakeholders’ objectives in UCC networks, and the reasons behind these
This study aims to fill these gaps and promote the long-term sustainability of UCCs. Its objective is to enhance key stakeholder engagement by exploring various parties’ preferences for UCC performance. A multiple-case study approach was employed, using two real-world UCCs in Sweden (Case 1 and Case 2) and two in China (Case 3 and Case 4). The Swedish UCCs were initiated by local authorities (LAs) to alleviate the environmental and social issues associated with urban logistics; the Chinese cases are concerned with privately operated facilities. 
A mixed-method approach (combing quantitative and qualitative methods) was used to identify the divergence between UCC-stakeholder preferences and the reasons for such variety. An analytic hierarchy process method (AHP) (Saaty, 1990) was employed to quantify the stakeholders’ preferences. Fifteen objective criteria and associated indicators from the three dimensions of SUL (economic, environmental and social) were selected to represent sustainability performance. This was used to assign numerical values to stakeholders’ preferences for the selected criteria, which were then ranked. To explore the variety in stakeholder preference in the investigated cases, the correlation of the rankings of the indicators was assessed using the Kendall’s tau and Spearman’s rho coefficients. Finally, the quantitative results are presented here to reveal the extent of the conflict between the different stakeholder perspectives. The qualitative research findings provide a complement to the quantitative analysis. Interviews were conducted with the key stakeholders in the four UCCs, and a thematic analysis of the findings was conducted to uncover the types of issue causing stakeholder conflicts. These results illustrate the reasons for the uncorrelated or negatively correlated quantitative results in above statistics test. 
This research comprises six sections. Following this introduction, a literature review analyses the stakeholder preferences in the urban logistics and UCC domains. Chapter 3 details the selected samples in the case study and the data analytical approaches methods. Chapter 4 displays the results of the quantitative and qualitative research. Chapter 5 then discusses how this approach could support UCC planners. The final chapter presents the conclusion.
[bookmark: _Toc46053471][bookmark: _Toc46093385][bookmark: _Toc46093668][bookmark: _Toc66703244]Literature review
The following two sub-sections review the literature on stakeholder conflicts in the fields of urban logistics and UCC projects, respectively. Sub-section 2.3 reviews articles that employ multi-criteria decision-making (MCDM) methods to select appropriate UCC configurations, based on the preferences of different stakeholders; this sub-section then introduces frameworks which have been proposed for evaluating UCC performance. These criteria can also be used to interpret the objectives of the different stakeholders in the decision-making process.
[bookmark: _Toc46053472][bookmark: _Toc46093386][bookmark: _Toc46093669][bookmark: _Toc66703245]Stakeholder tensions in urban logistics
Freeman (1984) defines stakeholders as ‘any group or individual who can affect or is affected by the achievement of the organization's objectives’. The existing literature variously focuses on numerous types of stakeholder in urban logistics. The key stakeholders are represented by LAs (acting as administrator of urban transportation that can affect urban logistics via various policies and regulations), carriers (shipping the goods into and out of the urban areas), and receivers (the generator of urban logistics, such as shopping malls, retailers, restaurants, hotels) 
(Russo and Comi, 2010, Lindholm, 2012, Stathopoulos et al., 2012). In addition to the above classification, Anand et al. (2015), also building on the previous research from Taniguchi and Tamagawa (2005), conclude that suppliers (supplying goods to receivers) should be considered another key stakeholder in city logistics. Fossheim and Andersen (2017) believe that research institutions and NGOs whose views influence urban logistics planning are another essential type of stakeholder.
These stakeholders may be actively or passively engaged in the provision of logistics solutions (e.g., congestion charge, off-peak deliveries, UCC operations), which are set up to mitigate the negative results of urban logistics and to promote sustainability. Collaboration between stakeholders during the project planning and decision-making processes can promote the success of these logistics initiatives (Ballantyne et al., 2013, Marcucci et al., 2017b, Oliveira et al., 2018). However, it is difficult to reach agreements in a multi-stakeholder environment (Macharis et al., 2012, Lindawati et al., 2014). In terms of stakeholder theory, this conflict is due to the multifaceted stake of the individual actors (Freeman et al., 2010). In terms of urban logistics, conflict arises because such initiatives generate both positive and negative outcomes in the context of SUL (Taniguchi et al., 2014, Österle et al., 2015, Amaya et al., 2020) and the objectives and interests of different stakeholders are heterogeneous (Taniguchi et al., 2001, Anand et al., 2012, Katsela and Browne, 2019). For example, public stakeholders wish to minimise environmental and social issues while maintaining economic growth and increasing employment in the city, while private stakeholders value delivery service quality, security, and cost effectiveness (Janjevic et al., 2019). 
With logistics initiatives involving both public and private stakeholders, it is difficult for LAs establishing effective cooperation systems. LAs consider delivery processes conducted by logistics service providers (LSPs) as a source of environmental and social issues, even if they acknowledge their economic contribution (Stathopoulos et al., 2012). In this context, many sustainable solutions (e.g., restrictive regulations) focus on environmental and social achievements, potentially damaging the interests of private stakeholders (Teo et al., 2014, Gonzalez-Feliu, 2018). As a result, conflicts arise between public and private stakeholders. In addition, LAs not always openly engage private stakeholders during the decision-making process (Taniguchi et al., 2014). This is also due to the fact that, due to the current climate of prolonged austerity and funding cuts, many LAs have insufficient resources (both in terms of personnel and decision support systems) in order to choose between appropriate SUL measures that could balance the heterogeneous interests of the various stakeholders (Lindholm and Behrends, 2012). Finally, there is a notable lack of guidelines on preventing conflict in multi-stakeholder collaborations (Björklund and Gustafsson, 2015). 
[bookmark: _Toc46053473][bookmark: _Toc46093387][bookmark: _Toc46093670][bookmark: _Toc66703246]Stakeholder tensions in urban consolidation centre networks 
There are potentially five types of stakeholder in a UCC project: LAs, receivers, LSPs (including intercity carriers and local carriers), suppliers, and operators (Allen et al., 2012, Björklund and Johansson, 2018). Many studies have demonstrated the importance of stakeholder collaboration for the success of UCC projects (Gonzalez-Feliu et al., 2014a, Österle et al., 2015, Gonzalez-Feliu et al., 2018). However, as mentioned above, the objectives of these parties are heterogeneous (Aljohani and Thompson, 2018, Akgün et al., 2019a), and there is no feasible business model to satisfy all parties’ needs (Björklund et al. 2017). As reported by (Marcucci and Danielis, 2008), it is only if upstream LSPs’ cost savings are sufficient to pay for the service fees of the UCC that a healthy relationship can be achieved between the LSPs and UCC. However, UCCs usually generate extra costs in the supply chain, due to additional goods handling processes (Verlinde et al., 2012). As a result, the service cost is usually higher than the cost of direct deliveries conducted by the LSP itself. LSPs are thus less willing to participate in UCC projects. 
Besides such financial issues, LSPs are concerned with operational risk. For example, some LSPs worry about losing control of their shipments in terms of service quality, if the UCC replaces them to deliver goods in the city (Ville et al., 2013, Allen et al., 2014). Conflicts between local carriers can prevent them participating in the UCC. For example, they would hesitate to cooperate with other carriers considered competitors in the local market (Olsson and Woxenius, 2014). Besides this, local carriers could even treat the UCC as a competitor in the urban logistics market (Duin et al., 2016). 
For the potential clients located in urban area (such as stores and restaurants), the environment and social progress of UCC may not attract them to obtain UCC’s service. This is due linked the perceived lack of tangible environmental and social benefits for these stakeholders in the urban area, as the progress achieved (e.g., reductions of noise and emissions) might be negligible in comparison to the total effects of entire urban transportation (Van Rooijen and Quak, 2010). In addition, rather than the environmental and social benefits, goods receivers concentrate on performance in terms of expenditure savings and distribution efficiency. However, significant improvements may not be made in these areas (Marcucci et al., 2017b, Van Duin et al., 2018). The receivers who already organised delivery themselves (or received the direct delivery from the suppliers) tend to be unwilling to change their business behaviour to obtain the service provided by the UCC (Morganti and Gonzalez-Feliu, 2015). In addition, both suppliers and receivers are concerned about operational issues that may be generated by UCC, such as the risk of delays and poor efficiency in goods handling (Nordtømme et al., 2015b, Paddeu, 2018).
To promote the adoption of UCCs among LSPs, LAs could work to attract political support (Lebeau et al., 2017). For example, negative incentives (e.g., time-windows and weight restrictive policies) could influence the last-mile distribution efficiency of LSP, which incentivises LSPs to obtain the service from UCC (Verlinde et al., 2012). Compulsory policies (e.g., a UCC in Heathrow airport) could force goods receivers or LSPs to accept the service (Lebeau et al., 2017). However, such policies will increase private stakeholders’ dissatisfaction with the government if the logistics costs of LSPs and goods receivers were increased due to these restrictive policies (Anand et al., 2012).
[bookmark: _Toc46053474][bookmark: _Toc46093388][bookmark: _Toc46093671][bookmark: _Toc66703247] Eliciting stakeholder preferences via multi-criteria decision-making methods
Multi-criteria decision-making methods (MCDM) are widely used in research to identify the preferences of different stakeholders, using groups of evaluation criteria. In the freight transportation planning decision-making process, MCDM enables the identification of compromised logistics solutions from a group of candidate scenarios, based on stakeholder preferences (Gatta et al., 2019a). One typical method is the multi-actor multi-criteria analysis (MAMCA), first proposed by Macharis et al. (2007) to enhance the decision-making processes in logistics planning. This method provides insights into the differences between stakeholder objectives and highlights how different candidate projects or policies could pursue these objectives. According to the literature review provided by Gatta et al. (2019a), MAMCA has been implemented in several studies of urban logistics (e.g., Macharis et al. (2014), Kin et al. (2017), and Le Pira et al. (2018)). It has also been applied in the UCC domain. For instance, Aljohani and Thompson (2018) combined the preference-ranking organization method for enrichment evaluation (PROMETHEE) with the fuzzy analytic hierarchy process (F-AHP) to evaluate different configurations of consolidation delivery approaches and balance the requirements of all stakeholders. Lebeau et al. (2018) employed the (Macharis, 2005)MAMCA framework to quantify the stakeholder preferences in terms of numbers of UCC facilities, delivery methods, and UCC locations.
An essential step in the MCDM approach is to identify the appropriate criteria to evaluate UCC’s performance in different aspect. Previous scholars have classified relevant criteria or indicators into different dimensions for the purpose of demonstrating the global results of the project. For example, Browne et al. (2007), based on ten criteria, proposed a two-dimension framework to evaluate the UCC in terms of “impact on the supply chain (Economic factor)” and “changes in localised geographical area (environmental/social factors)”. Patier and Browne (2010)  used 60 variables to compare economic, environmental and social dimensions – before and after the implementation of an UCC facility. According to their classification, Patier and Browne (2010) state that each dimension overlaps with the others in the context of SUL, and many variables can be distributed into two or three categories. Conversely, Gonzalez-Feliu et al. (2014b) conclude that the three dimensions of SUL have distinctive boundaries. They provide a hierarchical dashboard that comprises seven main indicators (criteria) and 14 secondary indicators to reflect the relationship between the three dimensions of SUL and their associated indicators. More detailed classifications of such criteria are derived from the research of Gogas and Nathanail (2017), who subdivided these three dimensions into 13 groups, covering the five aspects of economic, business, environmental, road safety, and traffic impact. 
This study adopts relevant criteria from the research cited above, for the purpose to present the performance of UCCs in the economic, environmental, and social dimensions of SUL.  Table 6‑1 lists the selected criteria.  After that, one indicator is constructed for each criterion. Then a two-layer AHP hierarchy will be designed based on these indicators and three dimensions of SUL for the purpose to calculate the weight of each indicator (Section 6.2.3 shows the details).
	Criterion
	Reference

	Operating cost
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b); Gogas and Nathanail (2017)

	Pricing policy
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b); Gogas and Nathanail (2017)

	Infrastructure usage efficiency
	Patier and Browne (2010); Gogas and Nathanail (2017)

	Goods-handling efficiency
	Patier and Browne (2010); Gonzalez-Feliu et al. (2014b); Gogas and Nathanail (2017)

	Delivery efficiency
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b); Gogas and Nathanail (2017)

	Service level
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b); Gogas and Nathanail (2017)

	Green vehicle equipment
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b); Gogas and Nathanail (2017)

	Rational vehicle utilisation
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b);

	Emission generation
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b); Gogas and Nathanail (2017)

	Delivery trips
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b); Gogas and Nathanail (2017)

	Public support
	Patier and Browne (2010); Gogas and Nathanail (2017)

	Workers’ salary
	Patier and Browne (2010)

	Fair labour
	Patier and Browne (2010); Gonzalez-Feliu et al. (2014b)

	Traffic volume generation
	Browne et al. (2007); Patier and Browne (2010); Gonzalez-Feliu et al. (2014b)

	Congestion generation
	Browne et al. (2007); Patier and Browne (2010)


[bookmark: _Ref45022034][bookmark: _Toc46053579][bookmark: _Toc46093828][bookmark: _Toc66698794]Table 6‑1: The Selected Criteria
[bookmark: _Toc46053475][bookmark: _Toc46093389][bookmark: _Toc46093672][bookmark: _Toc66703248]Methodology
This research employs a multiple-case study method, combining the qualitative and quantitative data collection methods of archival searches, interviews, questionnaires, and observation (Eisenhardt, 1989). Face-to-face interviews with three kinds of primary UCC stakeholder were conducted for the four UCC case studies. A mixed-method approach was employed for the analysis of the quantitative and qualitative data gathered from the interviews. In the quantitative process, AHP was adopted to quantify the stakeholders’ preferences by ranking them on different indicators. The divergence of these rankings was then tested using correlation analysis. For the qualitative work, a thematic analysis of the data was conducted to shed light on the tensions between stakeholders and to identify the causes of the disagreement. Figure 6‑1 displays the research approach of this study. 

 
[bookmark: _Ref45022058][bookmark: _Toc46053697][bookmark: _Toc66698728]Figure 6‑1: Research approach
[bookmark: _Toc46053476][bookmark: _Toc46093390][bookmark: _Toc46093673][bookmark: _Toc66703249] Multiple case study method
The aim of this multiple case study is theoretical replication (Yin, 2018), with the comparative analysis about different contextual factors (various logistics market conditions, UCC service sizes, business types and organisational structure) of cases thus revealing different insights of stakeholders’ preferences and their conflicts. The case selection for this research covers all the UCC types classified by Allen et al. (2012); namely, the following: (i) a special project UCC service for a single site (Case 1 and Case 2); (ii) UCC services for dedicated industries (Case 2 and Case 3); and (iii) UCC services for an entire city (Case 3 and Case 4). This comparative analysis is therefore well placed to reveal differences between stakeholder conflicts emerging between different types of UCC. In addition, Yin (2018) proposes that 4-6 examples in a multiple case study are adequate for the pursuit of two different patterns of theoretical replications. The selected examples in the current paper have multivariate attributes that can be placed into two groups: Swedish UCCs initiated by LAs, with environmental and social objectives, serving medium-sized cities, and dealing with small or medium volumes of goods; and Chinese UCCs, supported by private investment for a commercial purpose, serving a metropolitan-level cities, and processing large volumes of goods. 
Most UCCs investigated by scholars are in the EU or the UK and they are intended to mitigate environmental and social issues. Therefore, this investigation of these Chinese UCCs may disclose novel findings on stakeholder tensions in commercialised UCCs. Furthermore, for both Swedish and Chinese case groups, there is a UCC (Case 1 and Case 4) in which the research institution is participating. As the impact of researchers to other UCC stakeholders are seldom investigated in previous studies, this research could generate new knowledge about the relationships between researchers and other participants in the UCC. Table 6‑2 reports information about the considered UCCs.
	Case
	Size    
of service area
	Types 
of business
	Ownership
	Objective

	Case 1
	1 km2
	Parcel delivery; waste collection
	Joint venture
	Environmental and social purpose

	Case 2
	5 km2
	Construction goods delivery; waste collection; road maintenance
	Public owner
	Environmental and social purpose

	Case 3
	900 km2
	Pharmaceutical goods delivery; warehouse service; stock management
	Solo-private owner
	Commercial purpose

	Case 4
	450 km2
	Normal goods delivery; cold chain logistics
	Private-public project
	Commercial purpose


[bookmark: _Ref38905877][bookmark: _Toc46053580][bookmark: _Toc46093829][bookmark: _Toc66698795] Table 6‑2: Basic information on the investigated urban consolidation centres (UCCs)
Case 1 
The UCC in Stockholm city centre (Case 1) began its operations as part of a sustainable logistics strategy (the Intercitylog project), established by Stockholm City Council (Stockholm Stad). The UCC is the result of the cooperation between different stakeholders within the urban environment:
· Stockholm City Council, which proposed this project and built the communication and engagement platform, along with the legal framework, for private stakeholders to set up the UCC
· a waste collection company (WCC)
· a logistics company (LC)
· the Royal University of Technology (KTH)
A typical delivery process begins with the LC receiving goods from the supplier. The goods are then transported to the UCC via heavy trucks. The UCC is operated by the WCC, which unloads and sorts parcels and is responsible for last-mile logistics in the city centre. One interesting aspect here is the integration of goods distribution and waste collection. Contributing to the functioning of the UCC, KTH designed electric vehicles for integrated package delivery and dry waste collection. 
Case 2 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The Royal Seaport is the largest ongoing construction project in Stockholm. There are currently ten construction sites. The Royal Seaport UCC (Case 2) is owned by the Department for the Royal Seaport (DRS) and was built to deliver construction materials in the area. The objectives of this UCC are as follows: 
· minimising freight transport volume in the Royal Seaport area
· reducing emissions through the utilisation of the green vehicles
· providing effective construction logistics services
· testing the feasibility of the consolidation delivery method
· publicising the sustainable logistics method to residents
Through a procurement process, several companies were chosen to take part in the service delivery. The key stakeholders are as follows: 
· a LC responsible for the warehouse operation and goods delivery
· a consulting company, responsible for the management of the site
The policy requires all construction companies to either utilise the UCC for goods delivery and warehouse services, or to pay an entry fee. The UCC also provides value-adding services in the Royal Seaport area, including waste collection and road maintenance.
Case 3
‘Company A’ is one of the largest wholesalers of medicine and medical equipment in China. The Company built a medical UCC in Wuhan (Case 3) that is responsible for medical distribution in the city. In addition to Company A, seven other medical wholesales use this UCC for city distribution and warehouse services. Together, these eight companies have built an inventory-sharing partnership that enables goods shipments from the UCC directly to consumers, thereby reducing total transit time (including goods sorting and final delivery) from 36 hours to 6 hours for goods purchased by consumers in Wuhan. This inventory sharing mechanism enables economies of scale, which reduce the logistics costs for all the participating companies. 
This UCC has three key stakeholders:
· ‘Company A’, which invests in the UCC and covers all expenditure for its operation
· the warehouse department of the UCC, which is responsible for order processing, inventory replenishment, goods sorting, and inventory management
· the distribution department of the UCC, which deals with daily deliveries
Case 4
[bookmark: _Toc46053477][bookmark: _Toc46093391][bookmark: _Toc46093674]‘Company B’ is a private LC in Wuhan that invests in a UCC (Case 4) to tranship goods (primarily cold-chain products) for inter-city carriers. It is the result of the municipal’s time-windows policy that prohibits non-local registered freight vehicles from moving into the city centre during the daytime. To avoid waiting for these time windows to access the urban area, the non-local registered freight vehicles simply hand over the goods to the UCC for city distribution. 
Company B and government cooperate to establish a public-private partnership project to commercialise a new navigation system. In the project, the UCC is an experimental platform used to verify the feasibility of new technology. For this reason, the UCC receives public investment. The UCC has three key stakeholders:
· ‘Company B’, which invests in the facility and covers the operation expenditure 
· the UCC operator hired by ‘Company B’ and responsible for operations (goods sorting and transfer, urban distribution)
· the university of Wuhan university of technology (WHUT), which cooperates with the UCC in the urban distribution process to evaluate the performance of the new navigation system
[bookmark: _Toc66703250]Stakeholder analysis
In the four cases reported above, stakeholders were selected for the analysis based on the following three criteria:
· participation in the formation and operation of the UCC
· influence on the business and operation of the UCC
· power to make decisions on the direction of the UCC’s development
In Sweden, four interviews were conducted with stakeholders for Case 1, and two interviews for Case 2. In China, three interviews were conducted for Case 3 and Case 4 each. Table 6‑3 provides a sketch of the outcomes of the stakeholder analysis, highlighting the various objectives. A multi-stage sampling method was employed in each case: in effect, after a primary stakeholder was interviewed, they were asked to suggest other potential participants.  
Based on their attributes, these stakeholders can be placed into three main categories: UCC sponsors, UCC operators, and independent stakeholders. All are primary stakeholders who directly operate the UCC or otherwise influence the project. The sponsors invest in UCC projects to provide funding for the operations. These stakeholders design the business model and future developments of the system. The operators are responsible for the logistical processes (such as warehousing services and city distribution). Independent stakeholders are those partly associated with a UCC for research purposes, project improvements, and so on.
	Country
	Cases
	Stakeholder organisations
	Role in the system
	Stakeholders’ objectives

	Sweden
	Case 1
	Stockholm Stad. (SS)
	Project initiator
	· Reduction in travel miles of trucks
· Reduction in numbers of delivery trips in urban area
· Reduction in dwelling time of vehicle parking
· Reduction in vehicles’ fossil-fuel consumption 
· Reduction in vehicles’ gas emissions
· Improvements in road safety in urban area

	
	
	Waste collection company (WCC)
	Parcel sorting;
parcel delivery
	· Attraction of more customers
· Promotion of vehicle-use efficiency
· Reduction in UCC operating costs

	
	
	Logistics company (LC)
	Parcel provider;
funding provider
	· No negative impact on company profits
· Attraction of more customers
· Development of new cooperation with other companies in similar businesses

	
	
	University (KTH)
	Vehicle provider
	· Application for more funding for research
· Development of affordable new technology
· Promotion of environmentally friendly vehicles
· Improvements in the reliability of the electrical vehicle

	
	Case 2
	Project manager (UPM)
	Project manager
	· Business promotion
· Enhancement of social reputation

	
	
	Department of Royal Seaport Project (DRS)
	Funding provider;
strategic planning;
policymaker;
inspection
	· Reduction in emissions from last-mile delivery
· Fewer vehicles in Royal Seaport region
· Cost reduction for Royal Seaport region project
· Improvement in road safety in the Royal Seaport region
· Improvement in service scope of UCC

	China
	Case 3
	Company A
executive
(UE)
	Funding provider;
project manager;
inspection
	· Improvement in operating efficiency of UCC
· Maintenance of acceptable cost levels of UCC 
· Maintenance of high customer satisfaction 

	
	
	Medical warehouse department (HWD)
	Inventory manager;
warehouse operator
	· Maintenance of customers relationships 
· Highly efficient and accurate warehouse management
· Improvements in communication channels with customers
· Reduction in goods-damage rate during the goods-sorting process

	
	
	Medical
distribution department (HDD)
	City delivery,
3PL; outsourcing manager
	· Improvements in efficiency of the goods-loading process
· Solution to workers’ overtime utilisation
· Guarantee of 100% on-time delivery of medical products
· Reduction in goods-damage rate during the last-mile delivery process

	
	Case 4
	City freight company (CR)
	Funding provider;
strategic planning;
inspection
	· Increase in annual profit of UCC
· Reduction in operation cost of UCC
· Promotion of the company’ social reputation
· Promotion of the company’s business development

	
	
	Project manager (PM)
	Project manager
	· Guarantee of UCC operation efficiency
· Prevention of operation risk (e.g., safety, goods damage)

	
	
	University (WHUT)
	Project upgrading;
research development
	· Evaluation of new equipment performance in terms of reductions in travel miles, travel time, fossil-fuel consumption by traditional vehicles, etc.
· Alleviation of traffic congestion in the city


[bookmark: _Ref38905993][bookmark: _Ref8075438][bookmark: _Toc46053581][bookmark: _Toc46093830][bookmark: _Toc66698796]Table 6‑3: Stakeholder analyses in Sweden and China
[bookmark: _Ref45569266][bookmark: _Toc46053478][bookmark: _Toc46093392][bookmark: _Toc46093675][bookmark: _Toc66703251]Quantitative methods
3.3.1 Analytic hierarchy process method (AHP)
A typical indicator is assigned to each criterion to represent the performance of the UCC. These indicators have all been utilised in previous studies or industrial reports to assess the performance of logistics initiatives (see Table 6‑4). This group of pre-defined criteria and indicators were then validated by the interviewees (stakeholders) before the formal interviews were conducted.
	Criterion
	Indicator
	Reference

	Operating cost
	Annual operating cost (AOC)
	(Janjevic and Ndiaye, 2017a)

	Pricing policy
	Typical delivery price (TDP)
	

	Infrastructure usage efficiency
	Infrastructure surface usage rate (ISUR)
	

	Goods handling efficiency
	Goods handled per full-time equivalent employee (GHEE)
	(Scott Wilson Ltd, 2010)

	Delivery efficiency
	Delivery accuracy rate (DAR)
	(Royal Mail, 2017)

	Service level
	Lead time of delivery goods from UCC to its users (LTDU)
	(Harrington et al., 2016)

	Green vehicle equipment
	Percentage of alternative vehicles (PAV)
	(Björklund et al., 2017)

	Rational vehicle utilisation
	Truck loading rate (TLR)
	(Dablanc et al., 2011b)

	Emission generation
	Travel miles in urban areas (TMUA)
	(Browne et al., 2011)

	Delivery trips
	Number of delivery trips per day (NDT)
	

	Public support
	Public financial investment (PFI)
	(Duin et al., 2016)

	Workers’ salary
	Average staff salary (ASS)
	(Patier and Browne, 2010)

	Fair labour
	Workers’ overtime utilisation (WOU)
	(Harrington et al., 2016)

	Traffic volume generation
	Total travel time in the city centre (TTT)
	(Figliozzi, 2010), 

	Congestion generation
	Time for on-street parking (TOP)
	(Han et al., 2005)


[bookmark: _Ref45022195][bookmark: _Toc46053582][bookmark: _Toc46093831][bookmark: _Toc66698797]Table 6‑4: The selected criteria and their associated indicators
To identify the extent of the stakeholder preference for each of the categories of indicator in the context of SUL, an AHP analysis was conducted. The hierarchy of the criteria is illustrated in Figure 6‑2. The hierarchical framework was submitted to the interviewees, who were asked to rate the attributes using the AHP pairwise comparison mechanism (Saaty, 1990). The fundamental scale proposed by Saaty (2004) (shown in Table 6‑5) and consistency tests were utilised.


[bookmark: _Ref45022253][bookmark: _Toc46053698][bookmark: _Toc66698729]Figure 6‑2: The hierarchy of the selected indicators
	Value
	Verbal definition of the value
	Interpretation

	1
	Equal important
	Criteria i and j are equally important

	3
	Weak importance of one over another
	Criterion i is slightly more important than Criterion j

	5
	Strong importance
	Criterion i is more important than Criterion j

	7
	Very strong importance
	Criterion i is much more important than Criterion j

	9
	Absolute or extreme importance
	Criterion i is far more important than Criterion j

	2,4,6,8
	Intermediate values between two adjacent judgements
	


[bookmark: _Ref45022286][bookmark: _Toc46053583][bookmark: _Toc46093832][bookmark: _Toc66698798][bookmark: _Ref8576683]Table 6‑5: The 1-9 scale proposed by Saaty (2004)
3.3.2 Correlation analysis
The overall weight of the indicators was tested to identify any correlation between the stakeholders’ preferences. First, the value of the AHP results were converted into rank values. Second, Kendall’s tau and Spearman’s rank correlation coefficients were used to test the correlation between the rankings. Kendall's tau measures the ‘inversions’ in two rankings (i.e., in the first ranking, a is ranked before b, and in the second ranking, b is ranked before a – regardless of the distances between such elements). Spearman's rho measures the ‘distance’ between elements (i.e., the number of places of difference between two elements in a ranking).
[bookmark: _Toc46053479][bookmark: _Toc46093393][bookmark: _Toc46093676][bookmark: _Toc66703252]Thematic analysis
Thematic analyses were conducted to illuminate the causes of the insignificant or negative correlations between each pair of stakeholders in the different cases. This was intended to reveal the conflicts between the pairs of stakeholders and the reasons for such conflicts. All the themes and their sub-themes were defined based on the indicators which are prior to the data analysis. Under this framework, the selected indicators were set as primary themes. Two sub-themes were drawn from each indicator: (1) the performance of the UCC on the indicator, and (2) the stakeholders’ opinions of this indicator. The qualitative data from the interview were coded into relevant sub-themes. A comparative analysis was conducted to identify the conflicts between stakeholders in each indicator. First, in each case, two stakeholders were paired. For each theme, the stakeholders’ opinions about the sub-themes and their ranks on the indicators were then compared to identify any differences. Finally, the stakeholder conflicts were identified from these differences. Figure 6‑3 provides a schematic of the comparative analysis approach.            


[bookmark: _Ref45022337][bookmark: _Toc46053699][bookmark: _Toc66698730]Figure 6‑3: Comparative analysis combining the quantitative and qualitative data
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In this section, the first step was to use AHP to quantify the different stakeholder preferences for UCC performance into a sequence of ranking values on a set of objective criteria. In the second step, these ranking values were processed using Kendall’s tau and Spearman’s rho coefficients to illustrate the diversity of the preferences. This study then combined the quantitative results with the information on UCC properties and stakeholders’ opinions on each of the criteria to identify the conflicts in the different cases. 
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Table 6‑6 presents the views of all the stakeholders regarding the three performance dimensions (the economy, the environment, and social). It is clear that most Swedish stakeholders agreed that the primary objective of the UCC is to mitigate the unintended social and environmental consequences of urban logistics. In contrast, most Chinese stakeholders stated that the function of the UCC is economic benefit. In Case 4, the operator (PM) and university (WHUT) indicated that all three dimensions are equally important.
	Country
	Cases
	Stakeholders
	Economy
	Environment
	Society

	Sweden
	Case 1
	SS
	0.09
	0.46
	0.45

	
	
	WCC
	0.15
	0.69
	0.16

	
	
	LC
	0.07
	0.65
	0.28

	
	
	KTH
	0.77
	0.16
	0.07

	
	Case 2
	UPM
	0.19
	0.74
	0.06

	
	
	DRS
	0.15
	0.38
	0.47

	China
	Case 3
	UE
	0.77
	0.07
	0.16

	
	
	HWD
	0.74
	0.06
	0.19

	
	
	HDD
	0.76
	0.07
	0.17

	
	Case 4
	CR
	0.82
	0.09
	0.09

	
	
	PM
	0.33
	0.33
	0.33

	
	
	WHUT
	0.33
	0.33
	0.33


[bookmark: _Ref45022392][bookmark: _Toc46053584][bookmark: _Toc46093833][bookmark: _Toc66698799]Table 6‑6: Weights of sustainable urban logistics (SUL) dimensions, as assigned by urban consolidation centre (UCC) stakeholders
Differences in opinion are apparent in all three dimensions, as illustrated in Table 6‑7  (economic), Table 6‑8 (environmental), and Table 6‑9 (social). 
	Country
	Cases
	Stakeholders
	AOC
	TDP
	ISUR
	GHEE
	DAR
	LTDU

	Sweden
	Case 1
	SS
	0.08
	0.07
	0.40
	0.03
	0.20
	0.22

	
	
	WCC
	0.11
	0.44
	0.10
	0.08
	0.20
	0.07

	
	
	LC
	0.04
	0.03
	0.10
	0.38
	0.21
	0.24

	
	
	KTH
	0.58
	0.08
	0.04
	0.09
	0.13
	0.09

	
	Case 2
	UPM
	0.08
	0.22
	0.22
	0.18
	0.15
	0.15

	
	
	DRS
	0.08
	0.17
	0.05
	0.08
	0.17
	0.43

	China
	Case 3
	UE
	0.17
	0.07
	0.02
	0.04
	0.27
	0.43

	
	
	HWD
	0.05
	0.04
	0.05
	0.05
	0.24
	0.58

	
	
	HDD
	0.03
	0.10
	0.03
	0.03
	0.40
	0.40

	
	Case 4
	CR
	0.14
	0.62
	0.07
	0.04
	0.11
	0.03

	
	
	PM
	0.04
	0.04
	0.18
	0.21
	0.49
	0.04

	
	
	WHUT
	0.17
	0.17
	0.17
	0.17
	0.17
	0.17


[bookmark: _Ref45022400][bookmark: _Toc46053585][bookmark: _Toc46093834][bookmark: _Toc66698800]Table 6‑7: Weights of the economic indicators, as assigned by urban consolidation centre (UCC) stakeholders
	Country
	Cases
	Stakeholders
	PAV
	TLR
	TMUA
	NDT

	Sweden
	Case 1
	SS
	0.31
	0.06
	0.31
	0.31

	
	
	WCC
	0.52
	0.25
	0.05
	0.18

	
	
	LC
	0.51
	0.07
	0.21
	0.21

	
	
	KTH
	0.54
	0.17
	0.18
	0.10

	
	Case 2
	UPM
	0.06
	0.74
	0.08
	0.11

	
	
	DRS
	0.49
	0.14
	0.17
	0.20

	China
	Case 3
	UE
	0.03
	0.42
	0.24
	0.31

	
	
	HWD
	0.04
	0.51
	0.07
	0.38

	
	
	HDD
	0.04
	0.52
	0.07
	0.37

	
	Case 4
	CR
	0.04
	0.32
	0.32
	0.32

	
	
	PM
	0.03
	0.24
	0.42
	0.31

	
	
	WHUT
	0.04
	0.08
	0.59
	0.29


[bookmark: _Ref45022429][bookmark: _Toc46053586][bookmark: _Toc46093835][bookmark: _Toc66698801]Table 6‑8: Weights of the environmental indicators, as assigned by urban consolidation centre (UCC) stakeholders 

	Country
	Cases
	Stakeholders
	PFI
	ASS
	WOU
	TTT
	TOP

	Sweden
	Case 1
	SS
	0.18
	0.05
	0.05
	0.45
	0.26

	
	
	WCC
	0.13
	0.43
	0.13
	0.13
	0.19

	
	
	LC
	0.06
	0.16
	0.46
	0.18
	0.14

	
	
	KTH
	0.60
	0.04
	0.03
	0.18
	0.15

	
	Case 2
	UPM
	0.20
	0.20
	0.20
	0.20
	0.20

	
	
	DRS
	0.21
	0.26
	0.16
	0.18
	0.18

	China
	Case 3
	UE
	0.03
	0.16
	0.53
	0.19
	0.10

	
	
	HWD
	0.04
	0.36
	0.48
	0.06
	0.06

	
	
	HDD
	0.03
	0.50
	0.23
	0.06
	0.18

	
	Case 4
	CR
	0.05
	0.35
	0.30
	0.26
	0.04

	
	
	PM
	0.23
	0.04
	0.32
	0.34
	0.07

	
	
	WHUT
	0.48
	0.06
	0.15
	0.24
	0.07


[bookmark: _Ref45022435][bookmark: _Toc46053587][bookmark: _Toc46093836][bookmark: _Toc66698802]Table 6‑9: Weights of the social indicators, as assigned by urban consolidation centre (UCC) stakeholders 
For instance, in regards to the social dimension, the four stakeholders in Case 1 each identified a different measure as the most prominent: SS, WCC, LC, and KTH named TTT, ASS, WOU, and PFI, respectively. In Case 2, ASS was regarded as the primary social indicator by the UCC sponsor (DRS), while the UCC operator (UPM) considered all social indicators to be equally important. Similar patterns are observed for the economic dimension; while, for the environmental dimension, the PAV indicator is emphasised. In Case 3, LTDU and TLR were considered the most important indicators in the economic and environmental dimensions, respectively. In Case 4, WHUT stated that all economic indicators are of equal importance; all stakeholders had a strong preference for TMUA in the environmental dimension.
[bookmark: _Toc46053482][bookmark: _Toc46093396][bookmark: _Toc46093679][bookmark: _Toc66703255][bookmark: _Ref20293178]Results of the correlation analysis
The overall priority score for each indicator is calculated by multiplying the relevant category score by the individual score associated with each indicator. Table 6‑10 displays the overall scores and rankings of the indicators. Table 6‑11-Table 6‑14 illustrate the correlation coefficients of the individual stakeholder preferences in the four cases. 
[bookmark: _Ref20293170]Kendall’s tau coefficient reveals that, in Case 1, there is a strong and significant positive correlation between SS and LC preferences. This holds for the Spearman’s rho measurement too, which also reveals a correlation between LC and WCC. No other correlation is particularly strong or significant, indicating the existence of different points of view among the stakeholders. The quantitative result illustrates consistency between the preferences of the LAs and the two private companies. In contrast, the objectives of KTH are very different to those of the remaining stakeholders. In Case 2, both Kendall's tau and Spearman's rho indicate a negative correlation between stakeholders’ preferences, with UPM and DRS being in conflict. In Case 3, the two indexes display a significant correlation. This suggests that the preferences of the three stakeholders are highly consistent. In Case 4, both Kendall's tau and Spearman's rho demonstrate a significant correlation between the preferences of PM and WHUT. However, the results indicate that the CR preference has no relationship with those of the other stakeholders, while the UCC operator and WHUT have a common objective. Conversely, there is no consistency between the preferences of these two stakeholders and the UCC sponsor.  
The quantitative results illustrate the strength of the disagreement between each pair of stakeholders in different cases. In practice, the lower the score for each pair of stakeholders, the higher the degree of disagreement between them. These findings can thus facilitate UCC planners seeking insights into the intensity of the stakeholder conflicts. Furthermore, the quantitative results could highlight the potential points of conflict that concern different stakeholders. For example, according to Table 10, UCC planners in Case 2 should be aware the sponsor and operator have a significant disagreement about the importance of the TLR indicator. Thus, planners could organise for these stakeholders to share their concerns and seek a compromise to satisfy their respective requirements at the project-planning stage. 
[bookmark: _Ref20294192]
	Stakeholders
	Case 1
	Case 2
	Case 3
	Case 4

	
	SS
	WCC
	LC
	KTH
	UPM
	DRS
	UE
	HWD
	HDD
	CR
	PM
	WHUT

	Indicators
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank
	AHP
	Rank

	AOC
	0.007
	13
	0.016
	12
	0.003
	14
	0.443
	1
	0.015
	10
	0.013
	13
	0.131
	3
	0.033
	7
	0.025
	9
	0.117
	2
	0.014
	11
	0.056
	5

	TDP
	0.006
	14
	0.066
	5
	0.002
	15
	0.058
	6
	0.043
	5
	0.026
	11
	0.055
	5
	0.027
	9
	0.079
	4
	0.506
	1
	0.014
	12
	0.056
	5

	ISUR
	0.036
	7
	0.015
	13
	0.007
	13
	0.028
	9
	0.043
	5
	0.008
	15
	0.018
	11
	0.039
	5
	0.024
	10
	0.054
	4
	0.060
	9
	0.056
	5

	GHEE
	0.003
	15
	0.011
	14
	0.027
	9
	0.071
	4
	0.034
	7
	0.012
	14
	0.027
	8
	0.036
	6
	0.024
	10
	0.029
	6
	0.070
	8
	0.056
	5

	DAR
	0.018
	12
	0.030
	8
	0.015
	12
	0.103
	2
	0.029
	8
	0.026
	12
	0.206
	2
	0.181
	2
	0.302
	2
	0.088
	3
	0.163
	1
	0.056
	5

	LTDU
	0.020
	11
	0.011
	15
	0.017
	10
	0.067
	5
	0.029
	8
	0.065
	8
	0.334
	1
	0.427
	1
	0.306
	1
	0.025
	11
	0.012
	13
	0.056
	5

	PAV
	0.142
	2
	0.361
	1
	0.334
	1
	0.088
	3
	0.048
	4
	0.182
	1
	0.002
	15
	0.002
	15
	0.003
	15
	0.003
	15
	0.011
	15
	0.012
	15

	TLR
	0.029
	8
	0.173
	2
	0.043
	7
	0.028
	10
	0.550
	1
	0.053
	10
	0.029
	7
	0.032
	8
	0.038
	6
	0.029
	7
	0.080
	6
	0.028
	12

	TMUA
	0.142
	3
	0.035
	6
	0.136
	2
	0.029
	8
	0.061
	3
	0.064
	9
	0.016
	12
	0.005
	14
	0.005
	13
	0.029
	7
	0.140
	2
	0.198
	1

	NDT
	0.142
	4
	0.122
	3
	0.136
	3
	0.017
	11
	0.085
	2
	0.076
	6
	0.021
	10
	0.024
	10
	0.027
	8
	0.029
	7
	0.102
	5
	0.096
	3

	PFI
	0.080
	6
	0.020
	11
	0.015
	11
	0.041
	7
	0.013
	11
	0.100
	3
	0.004
	14
	0.007
	13
	0.005
	14
	0.004
	13
	0.075
	7
	0.161
	2

	ASS
	0.025
	9
	0.069
	4
	0.045
	6
	0.003
	14
	0.013
	11
	0.124
	2
	0.026
	9
	0.070
	4
	0.082
	3
	0.032
	5
	0.012
	13
	0.019
	14

	WOU
	0.025
	10
	0.020
	9
	0.129
	4
	0.002
	15
	0.013
	11
	0.075
	6
	0.086
	4
	0.092
	3
	0.039
	5
	0.027
	10
	0.107
	4
	0.050
	11

	TTT
	0.206
	1
	0.020
	10
	0.050
	5
	0.012
	12
	0.013
	11
	0.087
	4
	0.030
	6
	0.012
	11
	0.010
	12
	0.024
	12
	0.114
	3
	0.081
	4

	TOP
	0.119
	5
	0.030
	7
	0.039
	8
	0.010
	13
	0.013
	11
	0.087
	4
	0.015
	13
	0.012
	11
	0.030
	7
	0.004
	14
	0.024
	10
	0.023
	13


[bookmark: _Ref45022601][bookmark: _Toc46053588][bookmark: _Toc46093837][bookmark: _Toc66698803]Table 6‑10: Analytic hierarchy process method (AHP) final scores and stakeholder rankings

	[bookmark: _Ref45022637]Correlations

	 
	SS
	WCC
	LC
	KTH

	Kendall's tau_b
	SS
	Correlation coefficient
	1
	0.314
	.524**
	-0.238

	
	
	Sig. (2-tailed)
	.
	0.102
	0.006
	0.216

	
	WCC
	Correlation coefficient
	0.314
	1
	0.371
	-0.162

	
	
	Sig. (2-tailed)
	0.102
	.
	0.054
	0.4

	
	LC
	Correlation coefficient
	.524**
	0.371
	1
	-0.295

	
	
	Sig. (2-tailed)
	0.006
	0.054
	.
	0.125

	
	KTH
	Correlation coefficient
	-0.238
	-0.162
	-0.295
	1

	
	
	Sig. (2-tailed)
	0.216
	0.4
	0.125
	.

	Spearman's rho
	SS
	Correlation coefficient
	1
	0.404
	.689**
	-0.4

	
	
	Sig. (2-tailed)
	.
	0.136
	0.004
	0.14

	
	WCC
	Correlation coefficient
	0.404
	1
	.525*
	-0.254

	
	
	Sig. (2-tailed)
	0.136
	.
	0.044
	0.362

	
	LC
	Correlation coefficient
	.689**
	.525*
	1
	-0.436

	
	
	Sig. (2-tailed)
	0.004
	0.044
	.
	0.104

	
	KTH
	Correlation coefficient
	-0.4
	-0.254
	-0.436
	1

	
	
	Sig. (2-tailed)
	0.14
	0.362
	0.104
	.

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).


[bookmark: _Ref45625078][bookmark: _Toc46053589][bookmark: _Toc46093838][bookmark: _Toc66698804]Table 6‑11: Correlation coefficient for stakeholder preference in Case 1
	Correlations

	 
	UPM
	DRS

	Kendall's tau_b
	UPM
	Correlation coefficient
	1
	-0.266

	
	
	Sig. (2-tailed)
	.
	0.187

	
	DRS
	Correlation coefficient
	-0.266
	1

	
	
	Sig. (2-tailed)
	0.187
	.

	Spearman's rho
	UPM
	Correlation coefficient
	1
	-0.36

	
	
	Sig. (2-tailed)
	.
	0.188

	
	DRS
	Correlation coefficient
	-0.36
	1

	
	
	Sig. (2-tailed)
	0.188
	.


[bookmark: _Toc46053590][bookmark: _Toc46093839][bookmark: _Toc66698805]Table 6‑12: Correlation coefficient for stakeholder preference in Case 2
	Correlations

	 
	UE
	HWD
	HDD

	Kendall's tau_b
	UE
	Correlation coefficient
	1
	.593**
	.574**

	
	
	Sig. (2-tailed)
	.
	0.002
	0.003

	
	HWD
	Correlation coefficient
	.593**
	1
	.625**

	
	
	Sig. (2-tailed)
	0.002
	.
	0.001

	
	HDD
	Correlation coefficient
	.574**
	.625**
	1

	
	
	Sig. (2-tailed)
	0.003
	0.001
	.

	Spearman's rho
	UE
	Correlation coefficient
	1
	.756**
	.717**

	
	
	Sig. (2-tailed)
	.
	0.001
	0.003

	
	HWD
	Correlation coefficient
	.756**
	1
	.794**

	
	
	Sig. (2-tailed)
	0.001
	.
	0

	
	HDD
	Correlation coefficient
	.717**
	.794**
	1

	
	
	Sig. (2-tailed)
	0.003
	0
	.

	**. Correlation is significant at the 0.01 level (2-tailed).


[bookmark: _Ref46230673][bookmark: _Toc46053591][bookmark: _Toc46093840]
[bookmark: _Ref46397323][bookmark: _Toc66698806]Table 6‑13: Correlation coefficient for stakeholder preference in Case 3 
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	CR
	PM
	WHUT

	Kendall's tau_b
	CR
	Correlation coefficient
	1
	0.01
	0.073

	
	
	Sig. (2-tailed)
	.
	0.96
	0.718

	
	PM
	Correlation coefficient
	0.01
	1
	.444*

	
	
	Sig. (2-tailed)
	0.96
	.
	0.027

	
	WHUT
	Correlation coefficient
	0.073
	.444*
	1

	
	
	Sig. (2-tailed)
	0.718
	0.027
	.

	Spearman's rho
	CR
	Correlation coefficient
	1
	0.047
	0.117

	
	
	Sig. (2-tailed)
	.
	0.869
	0.679

	
	PM
	Correlation coefficient
	0.047
	1
	.560*

	
	
	Sig. (2-tailed)
	0.869
	.
	0.03

	
	WHUT
	Correlation coefficient
	0.117
	.560*
	1

	
	
	Sig. (2-tailed)
	0.679
	0.03
	.

	*. Correlation is significant at the 0.05 level (2-tailed).


[bookmark: _Ref45625089][bookmark: _Toc46053592][bookmark: _Toc46093841][bookmark: _Toc66698807]Table 6‑14: Correlation coefficient for stakeholder preference in Case 4
[bookmark: _Toc46053483][bookmark: _Toc46093397][bookmark: _Toc46093680][bookmark: _Toc66703256]Findings from thematic analysis
Through a thematic analysis, qualitative findings about the reasons for the stakeholder conflicts were obtained. This relied on a comparative analysis of the opinions on the sub-themes of each pair of stakeholders. The stakeholders’ rankings of the indicators are applied as complementary information to support the qualitative findings. This chapter identified the following causes of conflict between the stakeholders: 
· Different categories of stakeholder may have different objectives for the UCC network.
· Private stakeholders do not allow their commercial benefits are harmed by UCC.
· There is a lack of communication between stakeholders. 
· It is difficult to measure the progress of UCC in the field of SUL. 
· Conflicts are caused by operational issues.
To give an example of the first in this list: in Case 1, the preference of KTH is the reverse of those of other stakeholders because its focus is technical innovation, rather than practical issues, which are prioritised by other stakeholders (see Table 6‑3). In Case 2, the disagreement between UPM and DRS arises from the latter’s concern with the long-term development of the RSUCC, while UPM believes its main responsibility is to optimise the UCC operation. For example, in relation to the ISUR indicator:
Operator (Rank 5): Our warehouse is not fully in use. Many spaces are empty. The materials [stored] in the warehouse are less than [we planned], we don’t have a large number of deliveries each day.
Sponsor (Rank 15): Warehouse size is not a problem. Many of the empty spaces are prepared for the goods increasing. Goods and deliveries will increase because this site will expand.
The findings of this type of conflict align with the conclusions of previous studies (Allen et al., 2012, Bjerkan et al., 2014, Nordtømme et al., 2015b), which illustrate that stakeholders’ varying priorities can cause conflicts. 
The second type of conflict only appeared in Case 1. This was because the two private companies did not allow their business to be hurt in a joint-venture UCC. The following comments were made in relation to the TDP indicator:
Operator (Rank 5): We do not allow low pay. We will lose profit if we don’t get (enough) money.
Sponsor (Rank 15): The (value of) money we pay to Ragen-Sells is (determined) through negotiation. They agree with the price; my company pays according to the invoice. The money we pay to Ragen-Sells is the same as we saved in this project.
Regarding the third type of conflict, the findings from Case 1 illustrate that the university is not properly engaged with the UCC planning to exchange the opinions with the UCC operator. As a result, the design of the new vehicle does not meet the practical requirements. The stakeholders’ opinions on the TLR indicator reflect this conflict:
Operator (Rank 2): The container is narrow and long. We cannot load enough packages in each delivery. 
KTH (Rank 10): Ragen-Sells has reported this to us. We were not aware of this issue when we designed this truck. We did not pay much attention to the container size.
In Case 2, communicating issues are caused by sponsor's insufficient investigation about UCC. For example, the following comments were made in relation to the TLR indicators:
Operator (Rank 1): Our work is to increase the truck loading. We merge more goods in one delivery (so) we can deliver more goods in each trip. (Therefore,) we can deliver more goods in a day. 
Sponsor (Rank 10): I don’t know how they use these trucks; I have no data about the truck loading rate.
In addition, as noted by the LAs in Case 1 and Case 2, these LAs are not experts in logistics operations or UCC management (an issue also reported by Ballantyne et al. [2013]).
Stockholm Stad (Case 1): Our department is responsible for urban transportation planning. We did not know much about the operations (of logistics), such as goods sorting, warehouse (management).
DRS: (Case 2): we (our department) set the targets for the UCC, but I (we) do not manage the UCC.
This prevents LAs gaining insights into the actual status of the UCC operations, which prevents them communicating effectively with operators. 
For the fourth type of conflict, the Case 1 findings reveal a lack of adequate measurement and evaluation of the UCCs’ real environmental and social progress. In addition, there have been limited investigations of environmental contributions. As a result, the different stakeholders assess the outcomes of the facilities very differently. The different responses of the operator and the Stockholm Stad to the TMUA indicator reflect this issue: 
Operator (Rank 6): I don’t think this project reduces travel miles. The (service) size is small, the location of the UCC is in the middle (position), we always manually ship goods to the buildings around us. I think this is the reason we reduce the travel miles. If we use the vehicle to deliver, I think the travel mile is the same (as that of the non-consolidation model).
Stockholm Stad (Rank 3): I think this project reduces travel miles in the city centre. 
Case 4 showed that the new technology developed by the researcher had not improved operations, though the innovative devices had technically contributed to environmental and social progress. This led to different stakeholder assessments of the overall contributions. For example, the stakeholders had different opinions on the TTT indicator:
WHUT (Rank 3): TTT is another main target of our study. This project is intended to help the drivers to avoid traffic congestion to reduce the vehicle’s travel time. Currently, the research result is acceptable. It can reduce the delivery by about 20 minutes.
Sponsor (Rank 12): Each delivery trip takes an average of 3-5 hours. The delivery time did not change much (after joining the project).
Conversely, Table 14 reveals that the preference of WHUT is consistent with that of the operator. This may be because the research activities are well embedded in the goods-shipping process.
WHUT: Our students will monitor the goods delivery process in the city during our experiment. We will observe the delivery with the drivers to evaluate the performance of this new system.
The final type of conflict reported by stakeholders in Cases 2, 3, and 4 related to impediments in the logistics profile (as defined by Macário et al. [2011]: e.g., the goods properties, urban spatial restriction, and types of consumer, etc.) that the UCC cannot address. As a result, it is difficult for the operator to meet the performance requirements of the sponsor. In Case 2, the stakeholders said they had not known at the project planning stage that the construction materials could be fragile, and this had led to the operational difficulties. For example, the following comments were made in relation to the DAR indicator:
Operator (Rank 8): We did poorly in this case before. We don’t have a lot of damage now. We have done a lot of work to improve it. 
Sponsor (Rank 12): This problem is caused by goods-sorting in the warehouse. Some kinds of material are easy to damage. I know this issue – (construction) companies have reported this issue to me. I have told the UCC to reduce the damage. It is their responsibility.
Another reason for this issue is the lack of accurate pre-evaluation for changes in the logistics profile. As illustrated by the operators in Case 3, urbanisation leads to the rapid growth of logistics demand, and this is not adequately recognised during UCC planning. As a result, the existing configurations (e.g., platform numbers, human resources) cannot meet the high-volume logistics demanding, which restricts goods-handling efficiency. In addition, delivery efficiency can be restricted by urban morphology. Taking Case 3 as an example, the planned parking zones in commercial areas are continually occupied by other users, which forces drivers to park illegally to avoid delays.
[bookmark: _Toc46053484][bookmark: _Toc46093398][bookmark: _Toc46093681][bookmark: _Toc66703257] Discussion and implications
[bookmark: _Toc46053485][bookmark: _Toc46093399][bookmark: _Toc46093682]This research uses a mixed methods approach to evaluate the divergency between UCC-stakeholder preferences. These quantitative results can be applied to help planners better understand the extent of this divergence, while the qualitative results clarify the reasons for it. In this way, initiators (e.g., LAs and private companies) can implement conflict resolution strategies that prioritise the handling of the various conflicts according to their respective severity. According to the cross-case analysis, this research has also produced useful findings that could help to reduce conflict between UCC participants.
The first key finding is that stakeholder conflicts during the operations stage can be avoided if researchers properly engage in the planning process. As shown in Table 6‑11, the objectives of universities are often not aligned with those of other public or private stakeholders. This is because researchers separate themselves from the planning work, or act as the ‘equipment provider’. As a result, some innovative devices developed based on testing in the UCC do not reflect practical requirements and may even create inefficiencies in the operation. To mitigate this issue, researchers should be engaged with the project from the preparatory stage, sharing their views with other stakeholders. In addition, researchers should participate in the operations to integrate the research procedures into the logistics activities, where possible adjusting the research targets to meet the needs of the operator. Lastly, instead of only displaying achievement in the paper or report, appropriate dissemination approaches about the UCC’s contributions (such as public service advertisement, workshop and, documentary, etc.) should be designed to allow all stakeholders can better understanding the values created by the UCC.
The second key finding is that effective communication channels between stakeholders can prevent conflicts. As shown in Case 1, although there are two categories of conflicts (conflicts caused by first and second reasons) between the two private stakeholders, the quantitative results reveal a positive correlation between the concerns of these stakeholders. This distinction between the quantitative and qualitative results is due to a communication channel constructed by the LA, which allows the LA and the two private companies to exchange their opinions and concerns to mitigate conflicts. This result aligns with the findings of (Macharis and Kin, 2017), who conclude that exhaustive consultation between stakeholders is needed for decision-makers to understand the priorities of all parties. Based on the findings of Case 2, this research suggests that, in a public funded UCC, the public authorities should regularly inspect the UCC operation, rather than formulating a business objective in the office and remaining far away from the real-world operation. Periodic consultations between the LA and the operator will allow the operator to provide the LA with the feedback it needs to remain informed of the UCC’s practical status. This measure could prevent public stakeholders formulating inappropriate business targets that create problems for the UCC operation. 
The third finding is that a lower number of participants would ease conflict during the operations. Case 3 reported a significant correlation between the views of the different stakeholders (see Table 6‑13). Conversely, Case 2 and Case 4 illustrate that it is easily generate disagreement between sponsor and operator if they are not come from the same organisation. Such evidences indicate that stakeholders can easily agree on common targets if they represent the same organisation. Therefore, internal conflicts can be avoided if stakeholders are independently organising the UCC facility. Where conditions are sufficiently profitable, planners could authorise companies to invest in and operate UCCs alone. 
The last finding is that logistics profiles should be comprehensively investigated during the planning stage. Logistics profiles may create conflicts between sponsors and operators when they create operational issues that threaten service quality. To prevent this, wide-ranging investigations and pre-assessments should be conducted by planners to gather comprehensive insights into the logistics risk that could confront the UCC. 
[bookmark: _Toc66703258]Chapter Summary
This research has investigated the focus and priorities of stakeholders in relation to the performance of UCCs in the context of SUL. In the first stage, an AHP-based approach was implemented to elicit the stakeholders’ preferences. This produced a ranking of indicators, which was then analysed using statistical indexes to measure their correlation. Using these methods, it was possible to highlight and measure the various priorities and interests of the UCC stakeholders. Such differences are often cited as a key challenge to implementing SUL solutions. This study conducts a quantitative approach to explore the types of conflict caused by divergent stakeholder preferences, as revealed by a thematic analysis. The proposed improvements in engagement methods could help decision-makers to forecast potential conflicts when establishing new UCCs. Future research should take larger samples of stakeholders, including parties such as suppliers and consumers. This could provide decision-makers with more comprehensive insights into different stakeholder attitudes, thus more effectively addressing the conflicts to which they give rise.
[bookmark: _Toc34734563]
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In Chapter 5, this study details four types of stakeholder partnerships and the potential benefits and costs of different stakeholders working together to build a UCC. Chapter 6 then uses a combined quantitative and qualitative method to evaluate the divergence of stakeholder disagreement and identify the causes of conflicts between stakeholder preferences. The research results indicate that financial benefits and issues are a primary concern of private stakeholders, who naturally seek to prevent the UCC from harming their commercial interests in this collaborative system. Moreover, according to the results of the reviewed studies, there are few successful UCC projects in Europe, with most failing to achieve financial sustainability. There are various reasons for this. First, unless the use of UCC facilities is mandatory for all shipments to and from an urban area, UCCs cannot usually attain long-term sustainability due to the relatively low volume of users who choose to subscribe to these types of projects (Janjevic and Ndiaye, 2017a). Second, a UCC network always suffers from a complicated organisational structure that involves both public and private stakeholders (Anand et al., 2012). The various attributes and interests of the different stakeholders create heterogeneity in their behaviours and in the objectives in relation to the functioning of the UCC network (Taniguchi and Tamagawa, 2005; Gatta and Marcucci, 2014; Marcucci et al., 2017b). The challenge, when conceiving solutions for freight transport, is to satisfy the interests of all stakeholders (Vieira et al., 2015; Sanz, 2018). However, due to a lack of resources, it is extremely difficult for LAs to harmonise different objectives (across the economic, environmental, and social dimensions) associated with different categories of private stakeholders (Akgün et al., 2019b). As a result, it is difficult for the UCC to operate autonomously after the initial experimental phase, which might be heavily supported by public funds.
As indicated by previous studies (notably in the results of the SCUCC and RSUCC), private stakeholders seldom integrate their logistical planning processes or daily business operations into the overall sustainable development strategies of LAs (Dablanc, 2007). In other words, there are distinctive boundaries between their responsibilities, and a lack of co-operation between stakeholders. Such issues are likely to work against the promotion of collaborative projects in urban logistics and exacerbate financial issues experienced by UCCs. 
The solutions based on the theory of Ogden (1992) could adequately address the above issue. Odgen indicates that sustainable urban logistics should aim to reduce the total social cost of urban goods movement. As such, all stakeholders should understand that SUL principles are intended to promote financial and non-financial benefits for all members in a supply chain (Morana and Gonzalez-Feliu, 2015). In circumstances where financial rewards cannot be achieved in the short-term, mechanisms are needed to establish fair and efficient cost-sharing for stakeholders participating in UCC networks. This is a requirement for UCCs to achieve financial sustainability and promote ‘responsibility-sharing schemes’ aimed at overcoming the initial situation, where such facilities are dependent on subsidies from local and national governments. Specifically, this chapter considers the opportunity of involving a wider set of stakeholders in a coalition, which could lead  to cost-sharing mechanisms associated with the operation of a UCC facility run by a local authority. To the best of my personal knowledge, no study, to date, has paid attention to the cost allocation in order to sustain the existence of UCCs and, as a second criterion, to promote the participation of stakeholders according to fairness principles. This chapter will fill such gaps through promoting the financial sustainability of a UCC project and by supporting the negotiation of more sustainable allocations of economic efforts and practical benefits, to maximise involvement in the UCC network
This chapter is organised as follows. First, the research motivations in relation to stakeholders’ engagement and cost allocation that were identified in subsection 2.8.4 are discussed. In the second section, a solution for UCC networks is proposed, based on the game-theoretical model, which is an adaptation of the so-called River Problem (Ni and Wang, 2007; Dong et al., 2012). The current study then calculates these cost allocations under different responsibility scenarios. An extensive sensitivity analysis is then conducted to show the changes in shared cost when a UCC outsources its last-mile delivery service to the local carriers, which reveals some useful policy and practice implications.

[bookmark: _Toc66703260]Research motivation
Despite the growing literature on UCCs in urban contexts, little attention has been devoted to the specific development of allocation mechanisms for the start-up phase of UCCs led by local authorities (Section 2.7.5.1). In general, the challenges of urban logistics may vary across countries, cities, and projects. The overall aim of allocation schemes is to mitigate negative impacts, without having a negative influence on the functionality of urban logistical systems (e.g., shippers, transport companies, receivers, end consumers, public administrations). It must be remarked that, in an urban context, negative externalities associated with freight transportation represent the main reason for which local authorities establish UCCs; as such, the mitigation of these externalities represent the prime objective for local authorities. Consequently, individual rationality should not be seen as the main property to be respected by allocation schemes for the urban context. In other words, allocation rules are not to be solely meant as incentives to form collaboration among stakeholders. Taniguchi (2014) discusses the role of municipalities in promoting sustainable urban logistics solutions. Municipalities provide coordination, advice and infrastructures, along with investment for the start-up phase of the UCC. However, Taniguchi (2014) also points out that UCCs (and, in general, urban logistics projects) should not depend too heavily on financial support from the municipality in the long run. It is therefore fundamental that municipalities build mechanisms aimed at helping the start-up phase of UCC but seek to recover the initial investment through cost-reduction and economies of scale. 
Despite their individual rationality, stakeholders may perceive as fair the regulatory role of municipalities (Kiba-Janiak, 2016). Within this context, allocation rules can become a helpful tool for local authorities, willing to adopt UCC solutions for protecting their urban area from the negative externalities of urban freight transport. It must be noticed that there is a dearth of research on these specific aspects. Some initial attempts to study allocation schemes when the municipality is somehow dominant have been provided by Dahlberg et al. (2019). van Heeswijk et al. (2020) provided an agent-based model for the study of urban logistics systems set up by local authorities; the result of those simulations shows that the implementation of UCCs can considerably reduce negative externalities deriving from urban freight transport; however, a detailed scenario analysis confirms that such policies might not achieve financial viability. 
As such, as explained through in the section 2.8.5, appropriate cost allocations rules are a stringent need in order for UCCs to achieve financial sustainability and promote responsibility sharing schemes aimed at overcoming the initial situation where such facilities are merely depending on subsidies from local and national governments. The focus of this study is complementary to the emerging literature on gain sharing mechanisms for UCCs (Hezarkhani et al., 2019), but more devoted to the start-up phase of the facility. 
In order to propose mechanisms which could favour the financial sustainability of UCC systems, this chapter develops an adaptation of established game-theoretic approaches to the problems of responsibility and cost allocation among stakeholders participating in a UCC delivery network. Specifically, this study considers the opportunity to involve Suppliers (which originate the flows of goods through their manufacturing processes), Long-haul Carriers (LHC) (which take care of transporting such flows of goods), and Customers (whose demand for goods can be seen as the ultimate reason for the activation of such logistical flows). 
Proposed approaches are derived from the theory of Unlimited Territorial Integrity (Ambec and Sprumont, 2002), which has been previously applied to the Supply Chain context (Ciardiello et al., 2020). A solution based on the Shapley Value (Shapley, 1971) concept will be employed to calculate the numerical results for cost allocations, under different responsibility scenarios. 
[bookmark: _Toc66703261]A Game-theoretic model for cost Allocation in UCC networks
The model developed in this section is an adaptation to the UCC context of the fundamental contribution of the two studies (Ni and Wang, 2007, Dong et al., 2012). In general, three principles can be followed for the sharing the cost of UCC to its upstream and downstream stakeholders:
· A Local Responsibility principle (LR), according to which each company is strictly responsible for the cleaning costs, related to the production activities strictly happening at its premises (and, therefore, within their river portion). 
· An Upstream Responsibility principle (UR), stating that companies located upstream are responsible not only for pollution happening at their premises, but will also pollute portions located downstream, and should be held responsible for this, participating to cleaning costs. 
· A Downstream Responsibility principle (DR), stating that downstream companies located along the river should participate in cleaning activities for upstream portions of the river. 
Based on the LR, DR, and UR principles mentioned in the above section, authors propose three allocation methods:  Local Responsibility Sharing (LRS), Upstream Equal Sharing (UES), and Downstream Equal Sharing (DES) methods (Ni and Wang, 2007, Dong et al., 2012).
In this study, an adaptation of this framework will be developed to the cost allocation problem in the context of a UCC delivery network, under the following assumptions (see Figure 1):
· Different stakeholders are cooperating in a multi-tier delivery chain;
· A single parcel (or for a group of packages following the same route in the supply chain) will be moved from upstream stakeholders (i.e., suppliers) to downstream ones (i.e., customers);
· The suppliers, intercity carriers, can be consider as the categories of stakeholders.

[image: ]
[bookmark: _Ref62081216][bookmark: _Toc66698731]Figure 7‑1: Typical UCC based Freight Transport Chain
Under such assumptions, a typical UCC based freight transport chain can be considered. Such a transport chain can be regarded as including a finite set N of |N| different stakeholders linked together by a set of goods moving processes (GMPs). Such GMPs can be represented as a set of links L, which are connecting stakeholders operating in the network. Therefore, the number of stakeholders is equal to the numbers of GMPs, that is |L|=|N|. According to this feature, this study considers these GMPs in an upstream-downstream structure. Each link Li is associated with a label (cost), denoted by [image: ] and representing the cost of the GMP for moving a parcel delivers from stakeholder i to stakeholder i+1. This study refers to  as the cost vector. The cost share of stakeholder i is denoted by [image: ]. It can be said that the vector is the stakeholders’ cost allocation vector. An efficient solution to the cost allocation problem should respect the property [image: ]. See Figure 7‑1 for a graphical representation of the model.
Cost Allocation rules may be defined in order to define the vector x. Ni and Wang (2007) and Dong et al. (2012) introduce cost allocations for the above-mentioned river problem. In particular, such cost allocation rules become the Shapley Value of specific games in characteristic form, which satisfies the efficiency property. This study use such cost allocation rules in the settings. In this context, cost allocations given by the same allocation rule respect the principle of fairness against the above-mentioned principles of responsibility. A similar interpretation for cost allocation in supply chains has been given in (Granot et al., 2014, Ciardiello et al., 2020). According to the Local Responsibility Sharing (LRS) rule, stakeholder i is the only responsible for the delivery costs[image: ]. The latter means that [image: ]. 
An upstream equal sharing (UES) is represented by the following cost allocation:


Each stakeholder is responsible for the costs of GMPs, which happen downstream of his position in the delivery network (including the cost of GMP at his premises). 
A downstream equal sharing (DES) rule is represented by the following cost allocation rule:

Each stakeholder is responsible for the costs of GMPs, which happen upstream of his position in the delivery network (including the cost of GMP at his premises). 
[bookmark: _Toc66703262]Model properties
As described in (Ciardiello et al., 2020), the allocation rules described in the previous section are characterised by several desirable properties, which become very relevant in the context of UCC delivery networks as described in the following Table 7‑1. 
	Property
	Relevance for UCC networks

	Equal Sharing of Extra costs
	If there is an increase in total operational costs, it is required that companies responsible for this increase should be equally affected by extra burdens. 

	 No free riding
	This property requires that if the total costs increase, but, at the same time, for some firms the costs of the processes they are responsible for remains unchanged, the allocation for these firms should remain the same.

	Unilateral disaggregation stability 

	If a stakeholder disaggregates its own activities into two different companies (under its ownership; for instance, by creating a subsidiary company being in charge of certain logistical processes), then the sum of cost allocations for these two new entities is larger than the cost allocation for the original stakeholder.  


[bookmark: _Ref62081571][bookmark: _Toc66698808]Table 7‑1: Properties of the cost allocation rules
The no free riding and equal sharing of extra costs are desirable properties since they allow stakeholders in the delivery network to be protected from opportunistic behaviours from remaining participants. Even if stakeholders have a collaborative behaviour, some increases in logistics costs could occur over time.  Such a change should be treated fairly in terms of further burdens on stakeholders.  Interestingly, UES and DES cost allocation rules satisfy the above properties (Ciardiello et al., 2020). 
The unilateral disaggregation stability ensures that stakeholders do not have any convenience to disaggregate their activities over delivery networks. By disaggregation, this chapter means the splitting of activities of a stakeholder into two separate entities under the ownership of itself. These cost allocations rules satisfy the unilateral disaggregation stability; this means that, for instance, a company participating in the UCC delivery network might be penalised (through a higher total logistical cost) if it decides to split its logistical activities across two entities characterised by the same ownership.
The following section details the application of the allocation rules to a case study.
[bookmark: _Toc46053492][bookmark: _Toc46093406][bookmark: _Toc46093689][bookmark: _Toc66703263]Case study
The purpose of this section is to measure, assess, and compare the effects deriving from the adoption of different cost-sharing strategies whilst managing a UCC delivery network (as shown in Figure 7‑1). To this aim, the above-defined and described cost allocation rules (LRS, UES, and DES) are applied here to the experimental framework introduced by Janjevic and Ndiaye (2017a, 2017b), based on a UCC located in the urban area of Brussels (Belgium). Janjevic and Ndiaye (2017a, 2017b) originally adopted this UCC as a testbed for their theoretical framework, aimed at verifying the financial viability of UCC cross-docking and consolidation operations. The accurate characterisation of the logistics costs presented by Janjevic and Ndiaye (2017a and 2017b) allows a realistic evaluation of the impact of the cost allocation mechanisms.
It must be noted that, the case study is employed for a slightly different purpose: while Janjevic and Ndiaye (2017a and 2017b) focus their analysis on demonstrating how profitable operations are subject to an efficient use of resources, this study is interested here in exploring the impact of different cost allocation policies on individual actors’ profitability (In this study, the cost allocation model is used case by case to test the validity of above cost allocation rules). To the best of the personal knowledge, no previous contributions has performed similar analyses in the extant literature. As such, the considered experimental framework went through a careful adaptation process in order to make it suitable for the experiments, as described in the following. 
This section hypothesise a network composed of the following stakeholders, linked together by respective GMPs: (i) Suppliers; (ii) Long-haul carriers (LHCs); (iii) UCC operators; (iv) Customers. 
According to Janjevic and Ndiaye (2017a), the logistics costs which can be attributed to the presence of a UCC include: (1) last-mile delivery costs and (2) in-facility goods handling costs (encompassing goods trans-shipment and handling costs and other general administrative costs related to the UCC). Values for these two types of costs (for typical parcels) have been validated by Janjevic and Ndiaye (2017a) as in Table 7‑2.
	Types of Cost
	Values
	Percentage

	Last-mile Delivery Costs
	€2.08/parcel
	67.8%

	In-facility Goods Handling Costs
	€0.99/parcel
	32.2%

	Total Costs
	€3.07/parcel
	100.0%


[bookmark: _Ref25335261][bookmark: _Toc46053593][bookmark: _Toc46093842][bookmark: _Toc66698809][bookmark: _Ref25153052]Table 7‑2: Structure of operational cost in UCC (Janjevic and Ndiaye, 2017a)
[bookmark: _Ref25335291]Janjevic and Ndiaye (2017b) propose a cost modelling approach aimed at comparing costs faced by LHCs under different scenarios. When a LHC performs a delivery through a direct shipment, costs faced by the LHC include: (i) costs generated by the main freight movement, involving the shipment to the service area and the return to the depot after the completion of the delivery; (ii) costs generated by ordinary freight movements, for delivering goods to each customer in the service area (Figure 7‑2, top). When a LHC decides to utilise a UCC,  costs faced include: (i) costs generated by the return trips between the LHC depot and the UCC; (ii) costs generated by dwell time at the UCC; (iii) costs generated by the payment for the UCC service (Figure 7‑2).
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[bookmark: _Ref32254233][bookmark: _Ref32254218][bookmark: _Toc46053701][bookmark: _Toc66698732]Figure 7‑2: Typical Delivery Process with (bottom)/without (top) UCC 
(adapted from Janjevic and Ndiaye, 2017b)
As such, Janjevic and Ndiaye (2017b) assume that the total cost faced by a LHC will be different under the two scenarios. In particular, if the LHC needs to serve a small number of customers (and, as a result, needs to deliver a small number of parcels) in each trip, the strategy of outsourcing the last-mile delivery to a UCC could reduce the costs faced by the LHC. Conversely, using a UCC can increase the costs faced by the LHCs if the LHC is shipping a large amount of goods, thus achieving full truckload shipments. This can happen when large LHCs already achieve high consolidation by themselves, thus reducing the average shipping cost per parcel. Under these conditions, service fees charged by UCCs, along with handling and administrative costs and dwell times, might make the UCC  option unattractive. 
Indeed, if the cost of direct shipping is lower than the one faced using the UCC, LHCs will certainly decide not  to outsource urban delivery processes to a UCC, unless LAs are adopting very stringent restrictions on private freight movement. As a result, UCCs might face difficulties in attracting customers, despite the proven environmental and social benefits associated with these facilities. Within this context, the proposed cost allocation rules could be employed, by LAs, to promote cost alleviation mechanisms for LHCs who are already able to achieve high consolidation factors, and might then be reluctant to subscribe to UCC facilities.
As such, the considered Case Study is based on the assumption that a LHCs cannot get an economic benefit from accessing UCC services (Janjevic and Ndiaye, 2017b). According to the scenario considered by Janjevic and Ndiaye (2017b), this would happen if the LHC is transporting more than 17 parcels in a typical delivery trip. Therefore, It can be assumed that the considered LHC is delivering 50 parcels in its service area. According to the formulas and the parameters of service area (such as, location of the depot and of the UCC, vehicle types and service charge, information are shown in the Appendix) provided by Janjevic and Ndiaye (2017b), This research calculates the cost for a LHC with and without using the UCC (Table 7‑3). Besides above discussion, this chapter also assumes that when LHCs outsource their urban distribution to a UCC, the goods supply and receipt GMPs generate no extra cost. Under this scenario, LHCs might have no interest in accessing UCC services, as they could face lower costs by implementing a direct delivery policy. 
	Total parcels to be delivered in the urban area
	Total cost for LHC direct delivery (€/parcel)
	Total Cost for LHC through UCC delivery (€/parcel)
	Additional Cost faced by LHC through UCC delivery (€/parcel)

	50
	2.75
	4.26
	1.51


[bookmark: _Ref32570774][bookmark: _Toc46053594][bookmark: _Toc46093843][bookmark: _Toc66698810]Table 7‑3: Costs for LHCs - direct delivery and UCC delivery (Janjevic and Ndiaye, 2017b)
As mentioned, LAs could try to incentivise the participation of large LHCs in the UCC by using the mentioned cost allocation rules. According to DES and UES cost sharing policies, the additional costs faced by LHCs (arising from the outsourcing of last-mile deliveries to an UCC operator) could be shared with the upstream/downstream stakeholders (including suppliers and consumers). 
Based on the data from these two studies, this chatper proposes the cost structure of a parcel delivery in a UCC network in Table 7‑4. Here, only additional costs generated by the adoption of UCC services are accounted for and considered for cost sharing purposes.
	Types of Stakeholders
	Types of GMP
	Cost of GMPs for allocation 
(€ per parcel)

	Supplier
	Goods supply
	€0

	LHC
	Long-haul transportation
	€1.51

	UCC
	Urban delivery from UCC
	€3.07

	Consumer
	Goods receipt
	€0


[bookmark: _Ref23668947][bookmark: _Toc46053595][bookmark: _Toc46093844][bookmark: _Toc66698811]Table 7‑4: GMP costs to be shared by Stakeholders (€/parcel)
[bookmark: _Ref536802903][bookmark: _Ref20149813][bookmark: _Ref20149809]According to the principles formulated in the above sections, the results provided by cost-sharing schemes based on the LRS, UES and DES can be illustrated in Table 7‑5.
	Types of Stakeholders
	LRS
(€)
	LRS
(%)
	UES
(€)
	UES
(%)
	DES
(€)
	DES
(%)

	Supplier
	0.00
	0.00%
	1.78
	38.82%
	0.00
	0.00%

	LHC
	1.51
	32.94%
	1.78
	38.82%
	0.50
	10.98%

	UCC
	3.07
	67.06%
	1.02
	22.35%
	2.04
	44.51%

	Consumer
	0.00
	0.00%
	0.00
	0.00%
	2.04
	44.51%

	Total
	4.58
	100%
	4.58
	100%
	4.58
	100%


[bookmark: _Ref44974112][bookmark: _Toc46053596][bookmark: _Toc46093845][bookmark: _Toc66698812]Table 7‑5: Cost Allocation According to LRS, UES, and DES rules (€/parcel)
Under the LRS rule, each participant is only responsible for the immediate GMP they contribute to. In this case, UCCs will benefit from both UES and DES principles. The UES principle reduces UCC’s cost to €1.02/parcel, with the percentage of the UCC cost decreasing from 67.06% to 22.35%. The DES principle lowers the contribution of the UCC to €2.04 /parcel (44.51%). In addition, the DES rule also alleviates the extra costs faced by an LHC to €0.50/parcel, with the percentage of the cost for LHC decreasing from 32.94% to 10.98%. Table 7‑5 illustrates that the UES strategy provides the most convenient allocation for the UCC. The DES strategy can be convenient both for UCC and LHC.
UES and DES rules have a clear cost-sharing mechanism for members across the UCC delivery network. The UES rule significantly helps the UCC that transferring its costs to upstream stakeholders. Such rule responds to an Extended Producer Responsibility principle. Conversely, the DES rule successfully involves final customers into the cost-sharing system. It emphasizes that customers, as the generator of the city logistics activities, also need to contribute to the functioning of urban logistics activities, through an Extended Consumer Responsibility principle.
It is clear that, while UES and DES schemes can provide an advantage to the authority managing the UCC, other involved stakeholders (e.g., suppliers and consumers) might feel penalised from such allocations, which could produce extra costs for them. As such, it is worth to notice that compromise solutions can be adopted, by developing convex combinations of the different rules. For instance, a mixed allocation rule, based on a convex combination of LRS and DES approaches could be developed. This can be seen as a way to partially correct the LRS rule (which is the de-facto approach adopted in most of the cases). Table 7‑6 illustrates the result provided by such hybrid rules. 
	[bookmark: _Ref23669135]Types of Stakeholders
	50%LRS+
50%UES
	50%LRS+
50%DES
	80%LRS+
20%UES
	80%LRS+
20%DES

	
	(€)
	%
	(€)
	%
	(€)
	%
	(€)
	%

	Supplier
	0.89
	19.41%
	0.00
	0.00%
	0.36
	7.86%
	0.00
	0.00%

	LHC
	1.64
	35.88%
	1.01
	21.96%
	1.56
	34.06%
	1.31
	28.55%

	UCC
	2.05
	44.71%
	2.55
	55.79%
	2.66
	58.08%
	2.86
	62.55%

	Consumer
	0.00
	0.00%
	1.02
	22.26%
	0.00
	0.00%
	0.41
	8.90%

	Total
	4.58
	100%
	4.58
	100%
	4.58
	100%
	4.58
	100%


[bookmark: _Ref44974212][bookmark: _Toc46053597][bookmark: _Toc46093846][bookmark: _Toc66698813]Table 7‑6: Composite Cost Allocation Rules (€/parcel)
Of course, as the proportion devoted to LRS increases, stakeholders’ cost allocations will be closer to the original ones. Weights to be assigned to the different responsibility rules could be then seen as the object of negotiations among different stakeholders in order to achieve a compromise agreement which could be agreed upon by upstream and downstream stakeholders.
[bookmark: _Toc46053494][bookmark: _Toc46093408][bookmark: _Toc46093691][bookmark: _Toc66703264][bookmark: _Toc46053493][bookmark: _Toc46093407][bookmark: _Toc46093690]Discussion 
As shown in the case study, UCCs have the potential to benefit, under certain conditions, from both UES and DES allocations, as these principles enact suppliers’ and customers’ participation to UCC operating costs. UES can provide the most convenient solution for the UCC; a DES rule can benefit both the LHC and the UCC, providing a good scheme for incentivising the participation of reluctant carriers. Previous sections have provided the theoretical justification for these schemes. It has to be remarked, though, that as these schemes might cause the increase in costs to be faced by other stakeholders, such solution should be implemented in practice through strong political interventions and thorough consultation and engagement. The previous section has also shown the possibility of a partial implementation of UES and DES allocation rules (in combination with more traditional LRS approaches) which could be seen as a lighter mitigation strategy.
Also, the impact of the outsourcing of last-mile deliveries, and different results provided by the allocation rules under this scenario, has been evaluated. Also in this case, UES and DES rules can provide meaningful results which could alleviate costs for both UCCs and LHCs.
[bookmark: _Toc66703265]Sensitivity analysis
In practice, some UCCs might outsource the last mile delivery activities to other companies (e.g., Nijmegen UCC, as reported by Duin et al. (2016)). Under this strategy, the UCC will only be responsible for the cost of in-facility goods handling and sorting. However, such outsourcing strategy could introduce some changes to the cost of last-mile delivery. In order to assess the feasibility of the cost allocation rules in such cases, this chapter designs the following sensitivity analysis, which is based on the following assumptions:
1. The total cost of last-mile delivery in the UCC network without outsourcing is equal to the total cost of last-mile delivery after implementing outsourcing strategy;
2. The total cost of last-mile delivery in UCC network without outsourcing is unequal to the cost of last-mile delivery after implementing outsourcing strategy (the cost of last-mile delivery maybe increased due to the expertise of the carrier and to economies of scale; alternatively, the cost of last-mile delivery maybe decreased due to additional administrative costs.)
 Assumption 1: outsource without total cost changes
In case the outsourcing of the last-mile delivery GMP does not alter the total cost, the cost structure whole delivery network in Table 7‑7. The UCCs’ original cost is €0.99/parcel, local carriers’ original cost is €2.08/parcel. It can be noticed that, in this case, the final cost share for the UCC, - under LRS (€0.99/parcel), UES (€0.85/parcel) and DES (€0.70/parcel) - are below to the best solutions which can be obtained when the last-mile delivery process is conducted in-house (€1.02/parcel). This can be seen as a strong incentive for UCCs to outsource such activities. Besides this, DES rules also reduce the cost for the LHC to 0.38; such cost allocation scheme appears to be the best for relieving the cost for both LHCs and UCCs under a last-mile outsourcing strategy.
	[bookmark: _Ref21164197]Types of Stakeholders
	LRS
(€)
	LRS
(%)
	UES
(€)
	UES
(%)
	DES
(€)
	DES
(%)

	Supplier
	0.00
	0.00%
	1.60
	35.04%
	0.00
	0.00%

	LHC
	1.51
	32.93%
	1.60
	35.04%
	0.38
	8.23%

	UCC
	0.99
	21.63%
	0.85
	18.56%
	0.70
	15.45%

	Local Carrier
	2.08
	45.44%
	0.53
	11.36%
	1.75
	38.16%

	Consumer
	0.00
	0.00%
	0.00
	0.00%
	1.75
	38.16%

	Total
	4.58
	100%
	4.58
	100%
	4.58
	100%


[bookmark: _Ref25335648][bookmark: _Toc46053598][bookmark: _Toc46093847][bookmark: _Toc66698814]Table 7‑7: Cost allocations under the outsourcing strategy without total cost change (€/parcel)
Assumption 2: outsource with total cost changes
The outsourcing of last-mile delivery activities could, however, cause changes in the total cost structure. In this case, several considerations can be made on the basis of the cost of the last-mile delivery activities performed by an outsourced carrier. If such local carrier can keep its cost lower than € 2.76/parcel (see in Table 7‑8), the outsourcing strategy is convenient, from a UCC perspective, under all the principles (LRS, UES and DES). Otherwise, cost allocation based on UES principle will be higher than the best solution provided by an in-house strategy (€1.02/parcel). As such, LRS and DES principles need to be preferred by the UCC (see Figure 7‑3). 
	Types of Stakeholders
	LRS
(€)
	LRS
(%)
	UES
(€)
	UES
(%)
	DES
(€)
	DES
(%)

	Supplier
	0.00
	0.00%
	1.78
	33.75%
	0.00
	0.00%

	LHC
	1.51
	28.71%
	1.78
	33.75%
	0.38
	7.17%

	UCC
	0.99
	18.82%
	1.02
	19.38%
	0.70
	13.45%

	Local Carrier
	2.76
	52.47%
	0.68
	13.12%
	2.09
	39.69%

	Consumer
	0.00
	0.00%
	0.00
	0.00%
	2.09
	39.69%

	Total
	5.26
	100%
	5.26
	100%
	5.26
	100%


[bookmark: _Ref21456556][bookmark: _Ref21456551][bookmark: _Toc46053599][bookmark: _Toc46093848][bookmark: _Toc66698815]Table 7‑8: Cost Allocation of UCC in Outsourcing Strategy with carriers cost in €2.76/parcel
The best results of cost allocation will be changed with the variation of local carrier’s cost (details shown in Figure 7‑4): if the local carrier can keep its urban delivery cost lower than €1.48/parcel (Table 7‑9), UES will be the most convenient allocation rule for the UCC. Such a rule also allows the UCC to subsidise the activities of the LHC and local carrier. If the local carrier keeps its cost between €1.48/parcel and €2.64/parcel (Table 7‑10), a DES rule produces a better cost allocation. When considering the need to encourage LHCs to use the UCC, DES will always provide the most convenient solution, reducing the LHC’s extra cost to €0.38/parcel. When local carriers can keep its last-mile costs under €1.70 per parcel (Table 7‑11), a UES can also benefit the LHC (Figure 7‑5). Therefore, when the local carrier can keep its costs under €1.48/parcel (Table 7‑9), the UES rule can provide the best solution for the UCC, while also providing a partial financial relief to the LHC.
	 
	LRS (€)
	LRS (%)
	UES (€)
	UES (%)
	DES (€)
	DES (%)

	Supplier
	0.00
	0.00%
	1.46
	36.56%
	0.00
	0.00%

	LHC
	1.51
	37.94%
	1.46
	36.56%
	0.38
	9.48%

	UCC
	0.99
	24.87%
	0.70
	17.59%
	0.70
	17.78%

	Local Carrier
	1.48
	37.19%
	0.36
	9.30%
	1.45
	36.37%

	Consumer
	0.00
	0.00%
	0.00
	0.00%
	1.45
	36.37%

	Total
	3.98
	100%
	3.98
	100%
	3.98
	100%


[bookmark: _Ref26570913][bookmark: _Ref25335703][bookmark: _Toc46053600][bookmark: _Toc46093849][bookmark: _Toc66698816]Table 7‑9: Cost Allocation of UCC in Outsourcing Strategy with carriers cost in €1.48/parcel

[bookmark: _Ref26570503][bookmark: _Toc46053702][bookmark: _Toc66698733]Figure 7‑3: Variation of UCC cost allocation under the UES rule,
comparison of in-house and outsourced delivery options
	 
	LRS (€)
	LRS (%)
	UES (€)
	UES (%)
	DES (€)
	DES (%)

	Supplier
	0.00 
	0.00%
	1.75 
	33.95%
	0.00 
	0.00%

	LHC
	1.51 
	29.38%
	1.75 
	33.95%
	0.38 
	7.34%

	UCC
	0.99 
	19.26%
	0.98 
	19.26%
	0.70 
	13.76%

	Local Carrier
	2.64 
	51.36%
	0.66 
	12.84%
	2.03 
	39.45%

	Consumer
	0.00 
	0.00%
	0.00 
	0.00%
	2.03 
	39.45%

	Total
	5.14 
	100%
	5.14 
	100%
	5.14 
	100%


[bookmark: _Ref26570948][bookmark: _Toc46053601][bookmark: _Toc46093850][bookmark: _Toc66698817]Table 7‑10: Cost Allocation of UCC in Outsourcing Strategy with carriers cost in €2.64/parcel

[bookmark: _Ref32570661][bookmark: _Toc46053703][bookmark: _Toc66698734]Figure 7‑4: UCC cost allocations under different responsibility rules 
based on variations of the carrier’s cost

[bookmark: _Ref32264759][bookmark: _Toc46053704][bookmark: _Toc66698735]Figure 7‑5: LHC cost allocations under different responsibility rules 
based on variations of the carrier’s cost
	 
	LRS (€)
	LRS (%)
	UES (€)
	UES (%)
	DES (€)
	DES (%)

	Supplier
	0.00 
	0.00%
	1.51 
	35.95%
	0.00 
	0.00%

	LHC
	1.51 
	35.95%
	1.51 
	35.95%
	0.38 
	8.99%

	UCC
	0.99 
	23.57%
	0.75 
	17.98%
	0.70 
	16.85%

	Local Carrier
	1.70 
	40.48%
	0.43 
	10.12%
	1.56 
	37.08%

	Consumer
	0.00 
	0.00%
	0.00 
	0.00%
	1.56 
	37.08%

	Total
	4.20 
	100%
	4.20
	100%
	4.20
	100%


[bookmark: _Ref32264802][bookmark: _Toc46053602][bookmark: _Toc46093851][bookmark: _Toc66698818]Table 7‑11: Cost Allocation of LHC in Outsourcing Strategy with carriers cost equal to €1.70/parcel
[bookmark: _Toc66703266]Discussion
According to Taniguchi (2014), municipal UCCs (and, in general, urban logistics projects) should not depend too heavily on public finances. As such, municipalities should build, from the very beginning, mechanisms aimed at helping the start-up phase of UCC and achieving financial sustainability through cost-reduction and economies of scale (Taniguchi, 2014). Within this context, the proposed case study has shown that the proposed allocation rules can provide municipalities with useful tools. Indeed, UCCs have the potential to benefit, under certain conditions, from both UES and DES allocations, as these principles enact suppliers’ and customers’ participation to UCC operating costs. This is aligned to the empirical advice provided by Kiba-Janiak (2016), stating that, despite their individual rationality, stakeholders may perceive as fair the regulatory role of municipalities (Kiba-Janiak, 2016). This study deals with a specific UCC delivery network case study. Comparing with the original structure of logistics costs, it is identified that a UES rule provide the most convenient solution for the UCC. In addition, a DES rule benefits both the LHC and the UCC (see Table 4).  
The analysis is extended to the case of outsourcing last-mile activities. Interestingly, if outsourcing does not modify costs, then outsourcing the last-mile delivery is always beneficial to the UCC. This result is, interestingly, obtained regardless of LAs costs-allocation policies adopted by the LA. 
No change in total costs for outsourcing the last-mile delivery is, de facto, an ideal assumption. Therefore, the analysis is extended to a more realistic case: a change in total costs occurs if UCC decides for outsourcing the last-mile distribution. In this case, the analysis suggests less tout court policies for the LA. The results are the following. A DES rule may be set to benefit the UCC, if local carriers’ costs are high (see Figure 4). Moreover, a DES rule might also be convenient for incentivising LHCs participation in UCCs (see Figure 5). Optimal-policy switching for the sake of the UCC occurs if local carriers’costs are larger or lesser than some critical costs. The merit of such approach is to identify the numerical expression of those thresholds in the case study. It has to be remarked, though, that as these schemes might cause the increase in costs to be faced by other stakeholders, such a solution should be implemented in practice through strong political interventions and thorough consultation and engagement. The results from this study are consistent with recent contributions: a normative approach imposed by LAs in UCC delivery networks, included in Dahlberg et al. (2019); comparisons of multiple LAs’ policies for UCCs delivery networks provided in Van Heeswijk et al. (2020).  In some respects, the contribution of this chapter is different from the previous ones and it captures a different angle. For instance, Van Heeswijk et al. (2020) compare policies and they find out that those policies are financially not viable. Such a finding is de facto the motivation of the analysis. The spirit of this study is to find optimal policies among some policies, especially against the original structure of logistics costs. The contribution of this chapter is more similar to Dahlberg et al. (2019). However, the previous paper assumes that LAs are willing to carry some cost to ensure a stable collaboration among stakeholders. Such axiomatic requirement is strong and it must assume the continuous intervention of LAs at least the beginning. The focus in Dahlberg et al. (2019) is on the stability of cooperation. Conversely, the focus of this chapter is to highlights policies with no LAs’ intervention that are based on the fairness of cooperation among stakeholders. In general, stability and fairness in cooperative game theory are separated concepts in cooperative game theory. 

[bookmark: _Toc66703267]Concluding comments
Recently, many local authorities have set up Urban Consolidation Centres (UCC) for dealing with challenges arising from the negative impacts of logistics in urban contexts through a freight consolidation strategy. It has been shown that such facilities can contribute to the improvement of environmental quality in cities by reducing air pollution and alleviating congestion. Notwithstanding these encouraging premises, the number of successful UCC projects in Europe is very low, with most of the UCCs fail to achieve financial sustainability and to operate autonomously after the initial experimental phase that might be heavily supported by public funds.
In order to propose mechanisms that could favour the financial sustainability of UCC systems, this research has developed an adaptation of established game-theoretic approaches to the problem of responsibility and cost allocation among stakeholders participating in a UCC delivery network. Proposed approaches are inspired by extended responsibility principles that have been previously applied to the supply chain context. A solution based on the Shapley Value concept has been employed in order to calculate numerical results of cost allocations, under different responsibility scenarios. Applications of the model to a real-world scenario have been developed, along with a sensitivity analysis which has evaluated the suitability of the approach to different scenarios, and the possibility of applying the developed cost allocation rules in order to incentivise stakeholders’ participation in UCC projects. 
As the case study has revealed, allocation schemes based on an extended responsibility concept (UES, DES and resulting composite rules) can enhance the viability of UCCs, alleviating the need for public subsidies through suppliers’ and customers’ participation in UCC operating costs. As these schemes might cause increases in costs faced by other stakeholders, it has also been remarked that these solutions should be implemented through strong political interventions and thorough consultation and engagement. 
The proposed rules have been validated on secondary data based on a real-world case study; future researches could be aimed at investigating the practical implementation of the proposed rules through primary data to be collected in collaboration with Local Authorities. Also, the cost allocation scheme could be extended in order to take into account more complex delivery networks and to evaluate the impact of reverse logistics operations. Moreover the  heuristics can be replicated for different UCC delivery networks with a different original structure of logistics costs. Especially, for the case of outsourcing the last-mile delivery, the discussion on cost allocation rules has emerged as an intricate issue for LAs. The spirit of the findings of this chapter, even if they are related to a particular case-study, can be summarised in the following way.  If local carriers’ costs are larger/smaller than some critical thresholds, LAs may, accordingly, change UES /DES/LRS policies in order to safeguard the financial viability of the UCCs. Undoubtedly, local authorities might choose the policy that safeguards the financial viability of the UCC (and not necessarily the one of LHCs). This method allows for the numerical evaluation of such thresholds and may provide a very practical tool for LAs, if they decide to implement UES /DES cost allocation rules. This chapter suggests the implementation of mixed allocations of UES and DES allocation rules (in combination with more traditional LRS approaches). Those mixed-strategies might be seen as lighter mitigation strategies adopted from LAs, in case some stakeholders might have some critical thresholds in tolerating costs imposed by LAs.
[bookmark: _Toc46053496][bookmark: _Toc46093410][bookmark: _Toc46093693][bookmark: _Toc66703268]Chapter summary
This chapter discuss the function of cost allocation rules which in a cooperative game theoretical characteristic form. All members in the entire supply chain could undertake the UCC’s cost together in such cost sharing mechanism. Numerical results show that this cost allocation rules can effectively mitigate the UCC financial issues through distributing the cost of UCC to its upstream and downstream stakeholders. 
In the future development, such rules will be extended from the linear structure supply chain to the network structure supply chain, in order to promote its practical application. Then such cost allocation rules will be embedded into the “E-mile” software (Chapter 8), so that this cost allocation mechanism could help decision-makers to formulate appropriate policy to enhance the stakeholders engagement during the project planning stage.


[bookmark: _Toc66703269]A Decision Support System for the strategic planning of urban consolidation centres
Since many UCCs are invested by the government or supported by public funding, these UCCs have a certain amount of initial capital. For the UCC planners, the key element of constructing a successful UCC is to control the UCC’s cost within the budget. On the other hand, UCC planners expect the UCC can be successfully self-sustaining before the public funding runs out. For the private stakeholders, since they do not wish their commercial interest to be harmed by the UCC, the additional cost generated by joining the UCC is what seriously concerns them. Furthermore, these stakeholders also hope that the UCC must prevent their goods from operational risk (such as delays, goods damage, and goods lost, etc.). Based on the above considerations, both public and private stakeholders must form the UCC together during the stakeholders engagement, and thus this project can be reasonably configured according to the demands of daily freight shipment. Furthermore, both public and private stakeholders should determine pricing strategies for UCC services together, which enables the UCC to recoup all its costs without significantly increasing the financial burden on private stakeholders. Depending on this exact process, the UCC can handle cargo efficiently without leaving the resources idle, as well as enjoy a sound financial condition. Considering the above factors, the decision-making tool developed in this thesis can be used in a preliminary stage to engage stakeholders and show them the financial results of different UCC scenarios.
[bookmark: _Toc34734577][bookmark: _Toc46053498][bookmark: _Toc46093412][bookmark: _Toc46093695][bookmark: _Toc66703270]The need for scenario planning tools for UCC strategic design 
Scenario planning examines sensitivity to changes in the environment, using a range of models to explore how different scenarios may affect current and planned initiatives. It allows the opportunity to incorporate some resilience planning into the SUL framework. While in the market several operational tools aimed at optimising the functioning of Urban Consolidation Centres can be retrieved, the ProSFeT project highlighted the lack of strategic decision support systems (that could be utilised also by other stakeholders in the industry) aimed at providing some sort of scenario planning functionality which could be very useful in the phase of strategic design of an UCC. In this specific functionality, a decision-maker (who, for instance, could be a transport planner in a city council) could just insert some hypothetical demand for the last-mile delivery services (in terms of typical incoming trucks per day and number of customers that need to be served, with their operating time windows). The tool could then provide an indication about some issues that need to be considered in the planning stage for the design of an UCC, such as:
1. The location and recommended number of UCCs to be located in the urban area under investigation;
2. The required fleet size to be operational at the UCCs (and, consequently, the number of charging stations needed for them, in case of electric vehicles);
3. The number of incoming and outgoing doors that are needed for the UCCs, and, consequently, the overall area required for the warehouse;
4. Workforce planning issues (required drivers, warehouse operatives and other workers required for the functioning of the warehouse);
5. A measure of the savings (in terms of cost, of overall travel distances and of environmental impacts) that the implementation of the UCC could imply. 
Assessing all these dimensions, the tool could:
1. Facilitate better informed decision-making in the planning stage (for instance, by providing useful elements for identifying a suitable area for the site);
2. Provide a rough but helpful estimate about the investment required for setting up an UCC facility (in many cases these estimates are produced by utilising very unreliable models that are completely detached from the way in which such platforms will work in the reality); 
3. Provide an initial estimate about financing in the long run, in order to ensure the sustainability of such facilities.
[bookmark: _Toc34734578][bookmark: _Toc46053499][bookmark: _Toc46093413][bookmark: _Toc46093696][bookmark: _Toc66703271]DSS requirements
Taking into account the above-mentioned needs, the DSS should have the following characteristics.
Capability of handling planning in an autonomous way. The requirement that motivates the development of a DSS is the willingness to provide stakeholders and/or end users with access to a tool for tailored support dealing with planning activities, instead of doing it manually or outsourcing support as an external service.
A DSS should include the chance for the users to: add logistic points that are part of the planning; include a UCC at a given point; add vehicles and logistic orders to start the planning; obtain the planning results out of the given data.
Capability of handling geo-points. A fundamental requirement is to handle the geospatial data on a map. This should include the longitude and latitude of a given point on map, e.g. the coordinates of a UCC or logistic point, and the links representing streets, namely the directed edges containing information on one-way and two-way streets.
This requirement involves the development of the following features: by adding a new logistic point or base, the corresponding demand point or base must be visible on map and the planner should be able to interact with it, namely business listing; the logistic points and bases present in the database should be shown on map and should be editable or removable; streets should be highlighted in the map alongside the information about one-way or two-way streets.
Handling logistic trips. The Decision Tool should include an internal trip planner, that can optimise on a set of measures, which can be useful for stakeholders and/or end users. The trip planner should consider the one-way and two-way streets, the constraints on the operating hours both of the UCCs and of the logistic points, and the constraints on the size of vehicles.
Therefore, the users should be able to: (1) run the planning with a given set of data; (2) choose to optimize for distance travelled, time elapsed or (3) for a custom optimization. The resulting plan should rely on up-to-date geospatial data, which can be replaced in the tool if needed.
Handling different types of orders. The stakeholders and/or users should be able to include different kinds of logistic orders in the planning. More specifically, the types to be included are: first mile, last mile and point-to-point. First mile orders refer to the movement of products from a UCC to a courier service who take them to the final users. Last mile orders refer to the final movement to the end users. Finally, point-to-point orders refer to the delivery of products from one logistic point to another logistic point.
The most basic requirement should include the creation at random of a number of a certain kind of orders specified by the user. More elaborate requirements could involve the creation of orders by specifying a UCC or a set of logistic points, or even an exact vehicle.
[bookmark: _Toc34734579][bookmark: _Toc46053500][bookmark: _Toc46093414][bookmark: _Toc46093697][bookmark: _Toc66703272]The General specification of the decision support system
The main feature of the Decision Support System is to allow the user to generate planning results from:
1. A set of UCCs (at least 1), representing Urban Consolidation Centres;
2. A set of demand points (representing demand points and retail establishments in a urban area), characterised by their location and their availability times (time windows);
3. A set of logistic orders (linking the UCC to the demand points);
4. A set of vehicles composing the fleet of the UCC, characterised by fuel consumption and capacity.
Planning results can be optimised for a given objective function, usually distance or time. As such, the problem to be solved can be represented as a Vehicle Routing Planning problems, with time windows and capacitated vehicles. The solution to this problem can be provided through a proprietary algorithm developed by Softeco Sismat, based on a Branch-and-Bound algorithmic scheme. 
This software includes five modules (Figure 8‑1): (i) Geographic Information System (GIS); (ii) Facility Planning; (iii) Location Routing Planning; (iv) Financial Evaluation Tool; (v) Output. The following sub-sections will present an overview of such sections.  
 [image: ]
[bookmark: _Ref34733855][bookmark: _Toc34675043][bookmark: _Toc34734835][bookmark: _Toc46053705][bookmark: _Toc66698736]Figure 8‑1: Framework of the proposed DSS
[bookmark: _Toc34734580][bookmark: _Toc46053501][bookmark: _Toc46093415][bookmark: _Toc46093698][bookmark: _Toc66703273]GIS module
Through a Graphical Use Interface, the user can specify the data to be used to customise the planning results. The integration of a Geographic Information System (GIS) within the Decision Support System is instrumental for the acquisition of some fundamental data input. The real city information in terms of street network, morphology of the city, buildings, properties can be acquired through the access to some pre-saved data, or by accessing some external sources (such as the geojson files available at OpenStreetMap libraries) (see Step 1-Figure 8‑2). As such, the interface has a high versatility, which can be used to deal with the UCC planning problems in different cities.
The second step is to define the location of the UCC. This can be simply done by clicking on the map, as shown in Step 2-Figure 8‑2. This can reflect the area which has been identified by the planner as a potential candidate location. The location of the UCC is determined by the planner according to the need to evaluate the potential of a given site. Then the receiver’s coordinate will be imported by the planners. In the last step, relative information about the attributes of receivers will be imported.
The third step (see Step 3-Figure 8‑2) is the addition of the demand points, which can be added by two means, i.e. by importing an external file or restoring the plan from a file. Also, the fleet of vehicles can be specified, and assigned to the UCC. 
Fourth, the user can specify the amount of logistic orders to be created, which can be of three kinds: first mile, i.e. delivery from the UCC to a courier service or anyone that takes the product to the final user, last mile, i.e. delivery to the final user, and point-to-point, i.e. delivery from a UCC to another UCC. An important feature of the tool is the capability of randomly generating orders; this is a crucial need, as, in the planning stage, the decision-maker does not yet know the uptake of the UCC service. As such, the tool can generate orders according to a different uptake scenario; this can help the planner assessing the required uptake in order to have a financially viable service.
If needed to produce new planning results, UCCs and demand points can be moved or deleted (see Figure 8‑3). The user can click on a UCC and edit the name of the base and the coordinates. The same can be done to a demand point. Alternatively, the UCC can be removed, by clicking on the base, and placed again later by clicking on the map where the new base should be placed. The demand points can be removed in case they are no longer needed.
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[bookmark: _Ref34733845][bookmark: _Toc34675044][bookmark: _Toc34734836][bookmark: _Toc46053706][bookmark: _Toc66698737]Figure 8‑2: GIS data acquisition process
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[bookmark: _Ref34733952][bookmark: _Toc34675045][bookmark: _Toc34734837][bookmark: _Ref44972773][bookmark: _Toc46053707][bookmark: _Toc66698738]Figure 8‑3: Modification of the UCC Network
[bookmark: _Toc34734581][bookmark: _Toc46053502][bookmark: _Toc46093416][bookmark: _Toc46093699][bookmark: _Toc66703274]Facility planning module 
After all the GIS-related information has been acquired, the planners can also input some information related to the functioning of the UCC, through the associated Facility Planning Module. The following Table 8‑1 shows the required parameters. Table 8‑2 recaps all the actions required in the graphical user interface, along with pre-requisites and outcomes.
	Data Categories
	Notation

	Hourly wage of UCC Operatives
	[image: ]

	Hourly wage of UCC drivers 
	[image: ]

	Fuel Cost per Litre (KWh in case of Electric Vehicles)
	[image: ]

	Fuel efficiency of the vehicle 
	[image: ]

	Number of UCC Operatives
	[image: ]

	Working Days
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	Numbers of Vehicles used per day
	[image: ]

	Number of drivers
	[image: ]


[bookmark: _Ref34733973][bookmark: _Toc34674998][bookmark: _Toc34734790][bookmark: _Toc46053603][bookmark: _Toc46093852][bookmark: _Toc66698819]Table 8‑1: Parameters Required for the Facility Planning Module.
	Specifics
	Pre-requisites
	Outcomes

	Create UCC
	None.
	The base is created at the cursor position with a given ID and a given name.

	Edit UCC/Point
	At least a UCC or point must be present.
	The base/point at the cursor position is moved to the updated coordinates, and/or has the name updated.

	Delete UCC/Point
	At least a UCC or point must be present.
	The base/point at the cursor is deleted from the corresponding data structures and the map is updated.

	Restore Logistic Plan
	A file containing the planning results previously generated.
	The user is asked before proceeding, due to the fact that the previously created bases, points, orders, plan results, etc. will be removed from the decision tool. The data contained in the file are therefore imported.

	Map Navigation/Zoom
	None.
	The user can select the corresponding buttons to navigate the map or zoom-in/zoom-out. Right-click can be used to navigate and wheel to zoom.

	Coordinates on Click
	None.
	The user can left-click on the map to get the coordinates of that point.

	Generate Fleet
	A UCC must exist before creating the fleet.
	The specified number of vehicles are created at random and assigned to a UCC.

	Generate Logistic Orders
	A logistic point must exist before creating the orders.
	The specified number and types of orders (i.e. first mile, last mile or point-to-point) are created at random and assigned randomly to the logistic points present.

	Import geojson
	A file in the format of the geojson obtained from openstreetmap.
	The logistic points are imported from the geojson file and are given a new Id, the corresponding name (when present in the json), and the actual coordinates.

	Sync/Async Planning
	A set of vehicles, orders, demand points and at least one base are necessary. More specifically, the orders can be created in a randomised fashion, depending on their type: first mile, last mile and point-to-point. Vehicles can also be created in a randomised fashion. Demand points can be imported from openstreetmap. Bases are created on click.
	The planning results are obtained and displayed to the user. The optimisation can be done for minimising distance or time or a customised objective function. In case of errors, the orders that are not delivered are given in a separate error message.

	Export Planning Results
	The planning results are necessary.
	The planning results can be exported in json and converted to an excel document in order to be analysed. This would help produce statistics on the decision making problem of where to place the UCC.


[bookmark: _Ref34733995][bookmark: _Toc34674999][bookmark: _Toc34734791][bookmark: _Toc46053604][bookmark: _Toc46093853][bookmark: _Toc66698820]Table 8‑2: DSS Specification
[bookmark: _Ref34734324][bookmark: _Toc34734582][bookmark: _Toc46053503][bookmark: _Toc46093417][bookmark: _Toc46093700][bookmark: _Toc66703275]Routing planning module
Once the problem has been defined, planning results can be optimised for a given objective function, usually distance or time. As such, the problem to be solved can be represented as a ‘Vehicle Routing Planning’ problems, with time windows and capacitated vehicles. The solution to this problem can be provided through a proprietary algorithm developed by Softeco Sismat, based on a Branch-and-Bound framework. 
The generated report (see Figure 8‑4) includes data about: the optimisation engine which has been employed, the planned location of the UCC, the vehicles associated with the plan, the total weight and volume associated to each delivery mission and to each vehicle, the demand points associated with each mission and their type (UCC, logistic point, load/unload area), the order identifiers and their type (first mile, last mile, point-to-point), the actual weight and volume aboard for each order (in kg and cm3), the operations and their type (for a detailed list, look at the documentation), the distance from start and from previous trip point, and the time duration from previous trip point.
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[bookmark: _Ref34734028][bookmark: _Toc34675046][bookmark: _Toc34734838][bookmark: _Toc46053708][bookmark: _Toc66698739]Figure 8‑4: Results of the Routing Planning Module
Based on the above data, statistics can be generated to include costs on: the vehicles and the driver for each vehicle, the trip points as different types of stops, the orders (depending on their weight/volume and the type), the kind of operation for each trip point, the distance from start or from previous trip point, the time duration from previous trip point or as aggregate data for the entire trip. Additionally, some derived statistics can be produced, based on the available data: e.g. the amount of CO2 produced, the amount of vehicles needed to complete the plan for all orders.
For a detailed overview of the cost calculations, readers can refer to Section 4.1 and4.2. The whole data provided as an input to the DSS will be processed, through the algorithm embedded in the Routing Planning module. 
After the planning has been completed, the user can export the planning results in a json file. The latter can be converted in a MS Excel spreadsheet, in order to better visualise the planning results under the specified scenario. The following Table 8‑3 shows some key performance indicators which can be extracted from the Routing planning module.
	Data Categories
	Notation

	Numbers of Demand Points served
	m

	Total Goods Weight transported
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	Total Travel Miles
	lj.

	Total goods handling time
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	Total driving time 
	[image: ]

	Total stopping time
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[bookmark: _Ref34734203][bookmark: _Toc34675000][bookmark: _Toc34734792][bookmark: _Toc46053605][bookmark: _Toc46093854][bookmark: _Toc66698821]Table 8‑3: Key Performance Indicators from the Routing Planning Module
[bookmark: _Toc34734583][bookmark: _Toc46053504][bookmark: _Toc46093418][bookmark: _Toc46093701][bookmark: _Toc66703276]Financial evaluation module
An important aspect of the DSS is the generation of an analysis report which can allow the user to decide whether the planned UCC is financially sustainable (in terms of cost-effectiveness) when placed in a specific location. 
The input parameters provided in the “Facility Planning” module, and the data generated by the “Routing Planning” one will be processed in the “Financial Evaluation” module, in order to get an idea about the total overall cost which might be associated with the opening of an UCC in a given location. The following Figure 8‑5 displays the users’ interface (UI) of the Financial Evaluation Tool.
The data processing of the “Financial Evaluation Tool” can be divided in to three steps (see Figure 8‑6). In the first step, the software will transfer the data generated by the “Location Routing Planning” module into the panel of “Planning Results” of the UI. In the second step, the UCC planner will input the values of certain parameters into the control panel (such as the cost charged to users per parcel). In the last step, the DSS will calculate the values of total cost and incomes. The cost associated with each logistics activities, in terms of “Cost of goods handling at UCC”, “Cost of Last-mile delivery” and “Cost of goods receipt” will also be displayed in this module. The classification and calculation of the UCC cost is performed according to the formula in Chapter 4 that are embedded into this module. 
[image: ]
[bookmark: _Ref34734221][bookmark: _Toc34675047][bookmark: _Toc34734839][bookmark: _Toc46053709][bookmark: _Toc66698740]Figure 8‑5: Financial Evaluation User Interface
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[bookmark: _Ref34734236][bookmark: _Toc34675048][bookmark: _Toc34734840][bookmark: _Toc46053710][bookmark: _Toc66698741]Figure 8‑6: Financial Evaluation Calculation Process
Such software can estimate the values of income and gross profit that under different UCC configuration. The output result based on the data from decision-making software can display the values of fixed cost and variable cost which would generate in the UCC. Furthermore, the cost component related goods moving process will be presented, in terms of in-facility cost last-mile delivery cost and goods receipt cost. Thereby, it can support the planner to understand the financial feasibility of UCC as early as planning phase. 
[bookmark: _Toc34734584][bookmark: _Toc46053505][bookmark: _Toc46093419][bookmark: _Toc46093702][bookmark: _Toc66703277]Outputs and decisions supported
Based on the current architecture, the DSS provides support against all the following decisions:
1. Use of UCC vs Direct Shipping. The user can check what is the advantage of using a UCC for deliveries in an urban area or allowing direct shipping from carriers. In the first case, the base can be placed in the area of interest within the urban context. In the second case, the base can be placed at the boundary of the urban area so to model the scenario of direct shipping. In order to acquire the data necessary to compare the two scenarios, the user can generate a set of logistic points that are identical in both scenarios. This can be done by importing a geojson file from OpenStreetMap, for instance. In the case some demand points are not imported in a proper way (e.g. missing name), they can be manually edited in order to create a working context. Then, a fleet and a set of logistic orders can be created at random. Finally, the planning results can be used to derive measures to be used to compare the costs associated with the first scenario (UCC) with the second one (no UCC).
2. Location of the UCC.  The user can check which location can be used for the UCC. In this scenario, the focus is on the place in the urban area that can be most beneficial in terms of cost-effectiveness. After generating the fleet and the orders, demand points can be imported from a geojson file obtained from OpenStreetMap. Then the set of candidate location, where the potential UCC would be placed, can be tested by running the planning model. The planning results can therefore be used to analyse the costs linked to the UCC in each candidate location and some implications can be drawn.
3. Type(s) of vehicles to be used.  One of the possible extension to urban logistics is to consider the type(s) of vehicles that should be used in the UCC. The first choice can consider whether the vehicles to be used should be electric or diesel ones. The second choice can concern the size of the vehicles, which, in the DSS, is expressed in terms of capacity.
One important measure for a public stakeholder (e.g. city council) that can be crucial in the urban freight transport decision making is the amount of CO2 produced. By deploying electric vehicles, the corresponding planning results obtained from the decision tool can be analysed under this perspective. Therefore, by averaging the amount of CO2 saved per tonne-kilometre, measures can be derived to weigh the impact of such a policy. Finally, some measures can be derived also in the case of vehicles of different sizes. The stakeholder can consider the costs linked to having a set of larger vehicles or smaller ones, given the personnel needed to operate them and the amount of goods that can be transported in each scenario.
4. Number of vehicles to buy.  The user can be interested to understand the volume of goods to be handled in a specific urban area. In this scenario, it is crucial to predict how many vehicles need to be bought. Therefore, a specific set of simulations can be run to check the impact of a certain number of vehicles compared to another. Finally, costs can be derived even in this case and compared in different scenarios. This will allow the user to plan the costs relative to the vehicles and the personnel involved. The outcome can eventually be compared to the income from the volume of goods processed and derive some measures on the optimal number of vehicles to be used. 
5. Opening hours for the UCC.  An important aspect that can be taken into account involves the schedule of the UCC. This will include managing the logistics planning under a predetermined set of hours where the vehicles can enter and leave the UCC to complete the logistic orders. A scenario like this could be motivated by different opening hours of the logistic points. The scenario can be modelled to suit different operating times of the logistic points. The operating times considered can then be used to derive the schedule of the UCC. By running some tests, some measures of the cost-effectiveness of each schedule can be obtained.
[bookmark: _Toc46053506][bookmark: _Toc46093420][bookmark: _Toc46093703][bookmark: _Toc34734588][bookmark: _Toc66703278]Future developments 
As mentioned, the current version of the DSS was the result of constant interaction between researchers, software developers and stakeholders from the urban freight transport sector. This software allows LAs to estimate the cost of UCC according to their needs. Further suggested improvement of this software is to promote the decision-making process within a group of stakeholders. Cost and revenue sharing mechanisms, especially, such as the ones developed in Chapter 7 can be embedded in the financial evaluation module. In this way, the improved software could yield particular cost sharing values according to the convex combinations of the different cost allocation rules. Based on this result, both public and private stakeholders could confer with each other to determine their respective proportions of responsibility for the UCC. On the other hand, such a cost sharing mechanism could also compare the financial status of the self-operating delivery model and the outsourcing delivery model. 


[bookmark: _Toc34734589][bookmark: _Toc46053507][bookmark: _Toc46093421][bookmark: _Toc46093704][bookmark: _Toc66703279]Conclusion
The objective of this thesis is to promote the self-sustainability of a UCC by addressing its internal problems. Specifically, two categories of internal problems are highlighted, in terms of (1) conflicts between stakeholders and (2) financial issues. The former problem is owing to the heterogeneity of stakeholders interests and the divergence of their objectives. More seriously, during the planning stage, stakeholders’ concerns are not comprehensively thought of, and the UCC is not well configured enough to balance the different interest of stakeholders. the latter is caused by many UCCs only aiming to deal with the environmental and social issues but ignoring the generation of the economic benefits. Actually, UCCs always generate additional cost for the entire supply chain as the added facility requires enormous initial investment and the additional goods handling process produces new operational cost. As a result, LAs must invest considerable funding to cover such costs for the supply chain. Unless the UCC project is mandatory, private stakeholders will leave the project after such funding run out. Aimed at solving such above issues, this thesis proposes to organise a meaningful stakeholders engagement to configure a UCC project that balances the different kinds of stakeholders’ interests. Based on such positive results, all stakeholders can agree to support UCCs, share cost and risk and develop ideas concerning what other measures are needed to increase the effectiveness of UCCs.
In response to stakeholder conflicts and to promote the stakeholders engagement, this research combines AHP and non-parametric testing to measure the heterogeneity of stakeholders’ preferences. The results can help decision-makers to better understand the severity of these conflicts. A thematic analysis was also conducted to identify the details of these conflicts and their causes. Therefore, a collaborative UCC system can be built to generate benefits in all three dimensions of SUL.
To deal with the financial issues, the first step of this research proposes a cost structure for goods movement processes associated with UCCs. A formula-based approach is applied to calculate these costs. In addition, the formulae are embedded in a decision-making tool that combines GIS data (real city maps and UCC locations) and planned UCC configurations (vehicle numbers and human resources) to improve the accuracy of the costings at the planning stage. The second step is based on the results of stakeholders engagement. If the financial issues are caused by the lack of users, this research has developed a cost-allocation model to share expenditure between upstream and downstream stakeholders. This model is the result of the stakeholders engagement, where stakeholders agree to undertake social responsibility in a sound collaborative network.
[bookmark: _Toc34734590][bookmark: _Toc46053508][bookmark: _Toc46093422][bookmark: _Toc46093705][bookmark: _Toc66703280]Concluding comments
[bookmark: _Hlk65232632][bookmark: _Hlk65234616]The first three chapters of this thesis narrow-down the issues which identify the key research topics and literature gaps. Chapter 1 introduced the concept of UL, SUD, the SUL, and logistics initiatives with which to achieve the SUL targets. In Chapter 2, a two-phased literature review was presented, beginning with a review of articles concerning general SUL and the associated methodologies. Based on the results, UCCs were selected as the research topic. For an in-depth analysis of the scholars in this field, the second phase included both a literature review and a grey literature review. Based on the findings, the research gaps were identified, and the research questions developed. Chapter 3 introduced the theoretical lens and methodologies used to respond to these research questions, as well as the corresponding data collection approach.
In addition to the above chapters, this thesis deals with three PRQs (Figure 9‑1):

 
[bookmark: _Ref60185880][bookmark: _Toc66698742]Figure 9‑1: Research questions and brief outcomes
[bookmark: _Toc34734591][bookmark: _Toc46053509][bookmark: _Toc46093423][bookmark: _Toc46093706]PRQ 1: How to accurately estimate the financial performance of a UCC during the project planning phase?
To resolve PRQ 1, this thesis proposed a UCC cost structure (see Chapter 4). The costs were classified as either fixed or variable. The variable costs were then further divided into ‘in-facility costs’ and ‘on-road costs’, reflecting the stages of the goods movement between the facility and the delivery destination. To calculate these costs, formulae were proposed and an experiment was conducted to test their validity.
The above formulae were embedded in the DSS software discussed in Chapter 8. In this approach, the formulae were combined with real information on UCC scenario planning, including: city morphology, numbers of UCCs, facility locations, locations of demand points, and consumer time-window requirements. This enabled the planners to estimate the investment required to set up the facility and to calculate the costs arising from the operations.
PRQ 2: How to promote the stakeholders’ engagement in a UCC facility?
PRQ 2 is divided into two sub-questions:
SQ1: What are the details of the stakeholder engagement process when establishing urban consolidation centre (UCC) projects in different countries?
To address SQ 1, Chapter 5 detailed the stakeholder engagement processes of four UCCs (two in Sweden and two in China). A comparative analysis of these cases was conducted, based on the framework proposed by van den Bossche et al. (2017). This focused on the perspectives of the LPs, the manner of stakeholder engagement, and the final partnership between the stakeholders. Novel findings were revealed, proving that UCCs can generate benefits in all three dimensions of SUL. In addition, private stakeholders can identify their interest intersections in the UCC through a sound stakeholders’ engagement process. 
SQ 2: How to evaluate the heterogeneity of stakeholders’ objectives in urban consolidation centres (UCCs)?
To resolve SQ 2, AHP was used to identify the rank values of the stakeholder preferences for the indicators of the three SUL dimensions (economy, environment, and society), based on the Swedish and Chinese cases (see Chapter 6). The AHP results were then tested using Kendall’s tau and Spearman’s rho coefficients. A thematic analysis was conducted to reveal the details and causes of conflicts between the pairs of stakeholders, as highlighted in the interviews. The methodology and findings in this chapter could be used to improve stakeholder engagement during UCC planning.
PRQ 3: How to develop novel methods and models for cost and risk allocation among the UCC stakeholders? 
PRQ 3 is divided into two sub-questions, and these are addressed in Chapter 7.
SQ3: What is the justification for the engagement of different stakeholders in a cost allocation mechanism?
In Chapter 7, the EPR and ECR models were presented to explain the engagement of different stakeholders in the cost-allocation mechanism. EPR requires that the producer’s responsibility is extended to the lifecycle of the product. Conversely, ECR asks customers to take responsibility for the ‘societal harm’ caused by the commodities or services they wish to obtain. When EPR and ECR principles are implemented in the field of SUL, this calls on the supply-chain members of the UCC (including suppliers, LHCs, and customers) to take responsibility for the adverse effects of the delivery processes associated with goods or services purchased. 
SQ4: How would reasonable models of cost allocation among stakeholders participating in UCCs be defined?
Chapter 7 addressed the financial issues caused by a lack of users willing to subscribe to the UCC’s service, proposing a cost-allocation model by which expenditure can be shared between upstream and downstream stakeholders. This cost-sharing mechanism is derived from cooperative game theory to ensure fairness and efficiency. In response to the upstream–downstream stakeholder hierarchy, three cost-allocation rules acquired from ATS and UTI were implemented: LRS, UES, and DES. The numerical results indicate that both UES and DES successfully reduce the operational cost of the UCC by sharing the costs with upstream and downstream stakeholders.

[bookmark: _Toc66703281]Research contribution
This research seeks to mitigate the financial issues and internal issues caused by stakeholder conflict. These two issues have frequently led to the failure of UCC projects. The solutions to these problems include enabling planners to understand the financial status of the UCC at the initial planning stage; identifying the reasons for the conflicts; allocating costs to various stakeholders; and measuring the preferences of the stakeholders. Resolving these issues would promote the long-term sustainability of the UCC model. The contributions of this research are thus two-fold. First, this research fills the identified gap in the literature on UCCs. Second, it contributes to resolving some of the practical problems facing UCC projects.
[bookmark: _Toc34734592][bookmark: _Toc46053510][bookmark: _Toc46093424][bookmark: _Toc46093707][bookmark: _Toc66703282]Contribution to the literature 
In terms of its academic contribution, this thesis fills the research gaps cited in Section 2.8.4 and thus enriches the study field. 
Since previous articles have highlighted that the financial difficulties of UCCs are normally caused by high initial investment/operational costs and insufficient consumers, few solutions to these issues have been proposed. In an attempt to resolve these cost problems, in Chapter 4, this research reveals the cost structure from a new perspective. It links the costs to the different goods movement processes, rather than dealing with categories of expenses, as in previous studies. The new cost structure extends the cost structure proposed by the previous structure (e.g. Faure et al. (2015) Duin et al. (2016), Lin et al. (2016), Janjevic and Ndiaye (2017a)). Planners can thus estimate the cost of a UCC as early as the project designing stage. Such a cost structure also enables planners to monitor dynamic changes in costs due to the value changes of relevant variables.
In addition, regarding issues of low income caused by a lack of users, Chapter 7 proposed that costs of UCCs can be shared between stakeholders in the supply chain through a fair and efficient mechanism. Then, building on this argument, this chapter provides further justification for the sharing of the costs throughout the supply chain. This cost allocation mechanism has two main functions: (i) cost allocation rules should span across individual stakeholders’ business boundaries. Previous literatures reveal that the agents in a cost sharing mechanism have horizontal partnerships (Cleophas et al., 2019). It means these agents have the same attributes and their businesses are overlapping with each other (Pomponi et al., 2013). In existing studies, the adopted cost-allocation rules are utilised to share the gains and costs in the scope of their overlapped businesses. Conversely, as stakeholders in a UCC network have different attributes, they have distinctive business boundaries. Thereby their responsibilities are confined to the scope of their individual operations. For the purpose of breaking such responsibility boundaries, the spirit of EPR and ECR is embedded in the cost-allocation rule to interlink stakeholders’ responsibilities. (ii) cost allocation mechanisms provide rules for sharing the overall cost of the UCC network conveniently, involving all stakeholders in a multi-tier position according to fairness and efficiency principles. Such principles address the issue of ‘how different private stakeholders pay for their responsibility’. However, in practice, a complex negotiation is required to enable the cost and benefits to be equally distributed among the agents (Kurnia and Johnston, 2001). Considering this, such rules could simplify the negotiations among the stakeholders, as a fair and effective measurement should be applied among stakeholders to quantify what responsibility that one stakeholder has to the remaining stakeholders in the UCC-based FTC. 
Chapter 5 investigated four operational UCC cases in Sweden and China. The findings illuminate the stakeholder engagement process in these facilities, based on primary data obtained from interviews, rather than relying on secondary data from the report. The data here are accurate and reliable, having been collected directly from the operational cases. Substantial information was obtained through interviews, thus providing a more comprehensive understanding of the UCC cases. Furthermore, as these four cases are newer than those investigated in previous studies (many of which are no longer in operation, such as the Bristol-Bath example), the information is up-to-date and representative. The motivations for project establishment and organisational structure in the Chinese cases differ from those of the standard UCC project in the EU, thus the current work supplements previous studies and expands on their insights into features of organisational structure and stakeholder relationships. Different from previous studies, which stress that sufficient users base is the necessary condition of a self-sustained UCC, this chapter illustrates two feasible stakeholders collaborative model which enable UCCs to operate independently with a limited number of users.
This study underlines the importance of stakeholders collaboration in promoting the sustainability of the UCC project. Specificically, this study elaborates that four types of stakeholders’ partnerships can be built in the UCC. Based on this, the advantages and disadvantages of each kind of partnership are discussed. Such work has rarely been done in this research field. Then, this chapter details the process of stakeholders engagement. Some results do acknowledge the conclusions of previous studies. In addition, these new cases provide novel findings on the project properties, stakeholder relationships and preferences, as well as the business model, which have not been considered in previous papers. 
[bookmark: _Toc34734593]Despite achieving the common objective among stakeholders, which has been deemed as the meaningful outcome of stakeholders engagement, there was a lack of formal methodologies to promote the stakeholders engagement process through preventing the stakeholders from conflictings. This research used quantitative methods to measure the severity of stakeholder conflicts in the UCC, rather than relying on analysis of stakeholder priorities through qualitative work. This method transformed the cooperation status of different stakeholders that can only be perceived under qualitative descriptions into tangible values, which is more convenient for stakeholders to understand the closeness of the collaboration in the UCC. Furthermore, the complemented qualitative method was used to compare the results of four UCCs and demonstrate the possibility of stakeholders’ conflicts existingin different backgrounds as well as the reasons that cause such conflicts. This mixed-method can well support the decision-making during UCC planning.
[bookmark: _Toc46053511][bookmark: _Toc46093425][bookmark: _Toc46093708][bookmark: _Toc66703283]Practical contribution
Overall, this research aims to promote the success of the UCC projects to be built in the future. As presented in Chapter 5, the experiences of these four cases can be illuminating for other UCCs in their planning stages, highlighting potential stakeholder collaboration models in a UCC project. The findings of Chapter 6 identify the types of stakeholder conflicts as well as demonstrates the reasons for these conflict. Such results can help UCC planers to predict potential conflicts that would be generated in stakeholders engagement, thus contributing to reaching an agreement between different stakeholders. 
Chapter 8 is intended to facilitate more informed decision-making in the planning stages of these projects. A useful estimation of the required investment for setting up a UCC facility and the possible operation costs will be presented to planners. In this way, a UCC planner can first generate an insight into whether a UCC project is more competitive to directly deliver. Then, a planner of a UCC could choose the right location for the UCC based on the estimated facility cost and distribution cost. Lastly, planners could choose the affordable UCC configuration, in terms of numbers and types of vehicles to purchase, employed human resources, pricing strategy as well as the working hours. This estimation of the facility’s future financial situation can thus minimise losses due to unreasonable resource deployment.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
[bookmark: _Toc34734594][bookmark: _Toc46053512][bookmark: _Toc46093426][bookmark: _Toc46093709][bookmark: _Toc66703284]Research limitations and further improvements
The limitation of Chapter 4 is that the cost structure could be further refined. This model depends on previous studies, but only limited types of cost have been considered in the literature. Furthermore, the cost structure is not based on real cases, as stakeholders are typically unwilling to disclose their cost structures, for different reasons. In future research, the cost categories could be expanded through an in-depth investigation with some real cases. 
Chapter 5 and 6 focused solely on the primary stakeholders in the UCC, thus not revealing all types of issues arising in the UCC network. Future work should involve secondary stakeholders to highlight their opinions, including intercity carriers and receivers. The pairwise comparison matrix should be provided to them to compare their preferences with those of the primary stakeholders. Furthermore, the exact data of the selected indicators would enable a comparison with the real performance of the UCC on different dimensions of SUL. Since the case study selection is based on four in-operation UCCs, the agenda of stakeholders engagement (e.g. (i) identifying the interest intersections, (ii) formulating the common objectives, etc.) is already completed. Some information about the details of their stakeholders engagement  cannot get.  For instance, how different stakeholders are organised to construct the UCC; how different stakeholders are dealing with the conflicts together. In the future, in-planning UCC cases should be selected as examples in the case study. Thereby this study can evaluate the effectiveness of the methodology in dealing with the conflicts during the stakeholders engagement. 
In Chapter 7, the cost allocation model is based on the linear supply chain. In future work, this model could be developed into a tree structure supply chain network. The numerical experiment relied on the formula developed in previous research. An experiment based on a real case would improve the reliability of this module.
The limitations of Chapter 8 primarily concern the route-planning module and the financial evaluation module. The accuracy of the ‘planning results’ in the former could be improved by involving more types of parameter, such as vehicle speed and traffic situation. This could also indirectly contribute to the accuracy of the financial evaluation module, as the cost categories were obtained from Chapter 4, thus further improvements could enable a more detailed cost structure.
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	224

	Evaluating the impact of off hour deliveries: An application of the TRansport Agent BAsed model
	225
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	226
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	227

	Multi stakeholder collaboration in urban freight consolidation schemes: Drivers and barriers to implementation
	228
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	229
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	230

	A sciento metrics review on city logistics literature: Research trends, advanced theory and practice.
	231
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	232

	On the mathematical modeling of green one toone pickup and delivery problem with road segmentation
	233

	Sizing of the drone delivery fleet considering energy autonomy
	234

	Different urban consolidation centre scenarios: Impact on external costs of last mile deliveries
	235
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	236
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	237
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	238
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	239
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	240
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	242
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	243
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	244
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	245
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	247
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	248
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	249
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	251

	Sustainable urban freight transport adopting public transport based crowd shipping for B2C deliveries
	252
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Table II.2 gives the details of the paper distribution in each research topics and its sub-topics, the numbers are linked with the paper numbers in Table II.1
	Research Topics
	Sub-Topics
	Objectives
	Paper Numbers

	Performance Evaluation
	Indicators of SUL
	Discuss the indicators of the sustainable urban logistics
	 117,196,200,208

	
	Ex-ante and ex-post evaluation
	Performance evaluation for any logistics initiatives
	5,11,37,39,41,45,46,47,53,56,58,60,62,68,69,74,79,85,89,90,93,97,98,99,103,114,123,126,127,130,133,140,144,150,170,171,178,181,192,193,194,199,201,210,219,211,214,221,224,225,227,229,239,241,

	Freight movement optimisation
	
	The objective is to reduce the travel distance, delivery time as well as alleviating the environmental and social issue under different constraints, such as time windows, load capacity, road restriction and consumer’s request, etc.
	14,15,34,54,57,65,66,80,82,86,108,110,112,136,138,151,156,161,183,204,233,237,238,242,243,253

	Planning design
	
	The objective is to avoid the negative result that caused by the unreasonable planning.
	7,20,21,28,43,50,61,73,91,105,116,125,128,134,135,153,155,164 ,169,175,203,217,226

	New operating models
	New ideals
	Reduce the social and environmental issues through the new approaches in urban logistics
	70,92,115,152,162,173,195,197,207,216,244,252,59,232,245

	
	Shift-Delivery
	It tries to reduce the travel distance, congestions, and emissions, through the delivery out of working hours
	40, 177,188

	
	Alternative delivery methods
	These studies review the contribution of the new delivery modes in energy saving, emission reduction and traffic congestion alleviation, and pointed out the shortcoming of each approach.
	3,16,48,51,71,102,131,158,159,160,180,186,234,251

	
	Electrical Vehicle
	This topic evaluates the performance of the EV on the aspect of cost, reliability, and environment
	4,23,38,77,96,106,121,124,137,154,163,182,190,202,206,230,250

	
	Collaborative urban Logistics
	It discusses the benefits of the collaborative urban logistic and also gives the current issues of this model.
	8,13,22,24,26,49,81,84,87,95,107,132,141,142,143,146,148,172,184,185,215,235,240

	Stakeholders engagement
	Stakeholder’s relationship
	This topic is to understand the core interest and requirement of each stakeholder. And discussing the conflicts among different stakeholders.
	25,44,52,55,76,83,109,122,129,168,179,213,223

	
	Policy-Making
	This topic evaluates the result of particular policy and regulation. It also gives the ways to make appropriate policy when considering the various stakeholder’s concerns. 
	10,12,33,36,67,72,88,101,139,147,149,157,218

	Technology upgrades
	Information Technology
	It discusses the benefits of the information equipment to the city freight transportation.
	31,35,104,165,212,249

	
	Intelligent Transportation Systems (ITS)
	It analyses the advantages when connecting the urban freight transportation to the ITS.
	9,30

	Demanding management
	
	The studies use accurate predicting methods and reasonable schedule for logistics equipment to reduce the lead time, avoiding the risk of out of stock.
	1,32,64,94,119,167,187,191,198, 222,248,19,205， 

	Literature review
	
	
	2,17,18,27,29,63,78,100,110,111,113,118,119,120,145,166,174,176,189,209,220,228,231,236,246,247,


Table I.2-Paper Distribution in Each Research Topics  
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Table II.3 list the paper distribution in each methodologies in section 2.4
	Quantitative Modelling
	1,4,8,11,13,14,15,19,20,24,26,28,32,33,34,35,37,38,40,41,43,50,51,54,56,57,58,59,62,64,65,66,68,70,75,77,80,81,82,84,86,89,92,94,97,99,101,105,108,110,112,114,115,122,123,130,132,134,135,136,138,141,142,143,144,146,151,156,158,161,163,165,171,172,177,179,182,183,184,187,190,192,194,195,198,199,201,204,212,214,215,217,218,221,222,224,227,230,232,233,235,237,238,242,243,244,245,250,251,253

	Case Study
	1,2,3,6,8,15,16,18,19,20,22,23,24,33,34,35,36,40,42,43,44,48,50,51,54,55,59,61,62,64,68,74,75,77,85,88,95,97,99,100,101,102,105,116,119,122,123,124,126,137,138,142,148,149,150,151,157,158,159,160,167,168,171,172,173,177,180,181,182,184,186,187,192,193,194,197,208,211,214,216,218,221,224,225,229,234,237,240,244,250

	Literature Review
	5,10,12,17,27,29,39,46,52,63,71,72,76,78,98,111,118,120,129,139,145,147,164,166,174,188,189,196,200,209,220,228,231,246,247

	Experiment
	04,14,26,32,37,41,53,56,57,58,65,70,79,80,81,82,84,86,89,94,109,110,112,115,130,132,134,135,136,141,144,146,155,156,195,198,204,230,233,238,242,243,251,253

	Survey
	2,7,13,16,21,23,25,30,31,33,36,42,44,49,67,69,73,85,87,93,95,96,100,103,107,113,114,116,117,119,121,124,125,126,127,128,131,137,140,148,149,150,153,154,157,160,162,167,169,170,175,178,186,191,193,197,202,205,206,208,210,213,216,217,219,223,226,239,241,248,249,252

	Simulation
	9,22,45,48,53,60,74,79,83,90,91,92,102,104,108,109,133,152,159,180,183,185,201,203,207,211,212,225


Table I.3 -Paper Distribution in each Methodologies in the field of SUL
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	Using rail to make urban freight distributionmore sustainable.
	1B

	A stakeholder-based evaluation of the most suitable and sustainable delivery fleet for freight consolidation policies in the inner-city area
	2B

	Sustainability strategies for city logistics." Green Logistics. Improving the environmental sustainability of logistics
	3B

	The Role of Urban Consolidation Centres in Sustainable Freight Transport.
	4B

	A review of urban consolidation centres in the supply chain based on a case study approach.
	5B

	A methodology to anticipate the activity level of collaborative networks: The case of urban consolidation.
	6B

	Critical factors for viable business models for urban consolidation centres.
	7B

	Urban consolidation centre – a literature review, categorisation, and a future research agenda.
	8B

	A multi-criteria decision making approach based on fuzzy theory and fuzzy preference relations for urban distribution centers
	9B

	Evaluating the use of an urban consolidation centre and electric vehicles in central London
	10B

	Evaluating the potential for urban consolidation centre
	11B

	An optimization methodology for the consolidation of urban freight boxes
	12B

	Comparison of urban cooperative delivery and direct delivery strategies
	13B

	Logistics impacts of student online shopping – Evaluating delivery consolidation to halls of residence.
	14B

	Urban consolidation centres for medium-size touristic cities in the Westpomeranian Region of Poland
	15B

	Economical and Environmental Analysis of an Urban Consolidation Center for Belo Horizonte City (Brazil).
	16B

	Consolidation in urban freight transportation-cost allocation models.
	17B

	Sustainable city logistics through shared resource concepts
	18B

	A two-echelon facility location problem with stochastic demands for urban construction logistics: An application within the SUCCESS project
	19B

	Receivers’ willingness-to-adopt novel urban goods distribution practices.
	20B

	The multi-echelon vehicle routing problem with cross docking in supply chain management.
	21B

	Understanding Financial Viability of Urban Consolidation Centres: Regent Street (London), Bristol/Bath & Nijmegen.
	22B

	Simulation-based evaluation of urban consolidation centers considering urban access regulations
	23B

	Modelization of Time-Dependent Urban Freight Problems by Using a Multiple Number of Distribution Centers
	24B

	Stakeholder's profitability of carrier-led consolidation strategies in urban goods distribution.
	25B

	How to anticipate the level of activity of a sustainable collaborative network: The case of urban freight delivery through logistics platforms
	26B

	Evaluate the Viability of Urban Consolidation Centre with Regards to Urban Morphology
	27B

	Urban freight in dublin city center, Ireland: Survey analysis and strategy evaluation
	28B

	Modeling city logistics using adaptive dynamic programming based multi-agent simulation.
	29B

	Planning with stakeholders: Analysing alternative off-hour delivery solutions via an interactive multi-criteria approach
	30B

	A statistical analysis for micro-simulation of UDC operativity
	31B

	Evaluation of Urban Consolidation Centers: A Methodological Framework.
	32B

	The deployment of city and area distribution centers in France and Italy: Comparison of six representative models
	33B

	 Assessing urban logistics pooling sustainability via a hierarchic dashboard from a group decision perspective.
	34B

	Multi-stakeholder collaboration in urban transport: State-of-the-art and research opportunities
	35B

	Defining and Evaluating Collaborative Urban Freight Transportation Systems.
	36B

	Factors of adoption governing the emergence of urban consolidation centres.
	37B

	Modeling a four-layer location-routing problem.
	38B

	Enabling Carrier Collaboration via Order Sharing Double Auction: A Singapore Urban Logistics Perspective
	39B

	Achieving Economic and Environmental Sustainabilities in Urban Consolidation Center With Bicriteria Auction.
	40B

	An adaptive large neighborhood search heuristic for Two-Echelon Vehicle Routing Problems arising in city logistics.
	41B

	Gain-sharing in urban consolidation centers.
	42B

	COLLABORATIVE SYSTEMS IN URBAN LOGISTICS
	43B

	The urban logistic service model in the aspect of the domestic logistic system
	44B

	The role of the cargo consolidation center in urban logistics system."
	45B

	Downscaling the consolidation of goods-state of the art and transferability of micro-consolidation initiatives.
	46B

	Strategic Scenarios for Sustainable Urban Distribution in the Brussels-capital Region Using Urban Consolidation Centres,
	47B

	Investigating the theoretical cost-relationships of urban consolidation centres for their users.
	48B

	Investigating the financial viability of urban consolidation centre projects
	49B

	Development and Application of a Transferability Framework for Micro-consolidation Schemes in Urban Freight Transport
	50B

	Urban consolidation centres: retail stores’ demands for UCC services
	51B

	Evaluation of delivery consolidation in U.S. Urban areas with logistics cost analysis
	52B

	Technical and organizational assumptions of applying UCCs to optimize freight deliveries in the seaside tourist resorts of West Pomeranian Region of Poland.
	53B

	Modelling alternative distribution set-ups for fragmented last mile transport: Towards more efficient and sustainable urban freight transport.
	54B

	Is there Life After Subsidy for an Urban Consolidation Centre? An Investigation of the Total Costs and Benefits of a Privately-initiated Concept.
	55B

	Urban distribution centers: Doomed to fail or optimal solutions for last mile deliveries
	56B

	Conventional, hybrid, or electric vehicles: which technology for an urban distribution centre
	57B

	Improving policy support in city logistics: The contributions of a multi-actor multi-criteria analysis.
	58B

	Implementing electric vehicles in urban distribution: A discrete event simulation.
	59B

	How can authorities support urban consolidation centres? A review of the accompanying measures
	60B

	Before-after assessment of a logistics trial with clean urban freight vehicles: A case study in London
	61B

	Best Practice Factory for Freight Transport in Europe: Demonstrating how ‘Good’ Urban Freight Cases are Improving Business Profit and Public Sectors Benefits
	62B

	Location Selection of Urban Distribution Center with a Mathematical Modeling Approach Based on the Total Cost
	63B

	Sustainability SI: Logistics Cost and Environmental Impact Analyses of Urban Delivery Consolidation Strategies.
	64B

	Determining urban freight facility locations using post-evaluation deliberation
	65B

	Hands-on Testing of Last Mile Concepts.
	66B

	Decision-making process for developing urban freight consolidation centers: Analysis with experimental economics
	67B

	Identification of Potential Implementation of the Cargo Tram in Warsaw: A First Overview.
	68B

	Mapping out the potential for coordinated goods distribution in city centres: The case of Uppsala.
	69B

	Freight consolidation centers for urban logistics solutions: The key role of interoperability
	70B

	Multi-echelon distribution systems in city logistics
	71B

	The potential demand for a urban freight consolidation centre.
	72B

	Recent innovation in last mile deliveries.
	73B

	City logistics for perishable products. The case of the Parma's Food Hub
	74B

	Urban freight distribution: The impact of delivery time on sustainability
	75B

	Mathematical programming modeling and resolution of the location-routing problem in urban logistics.
	76B

	Planning urban distribution center location with variable restocking demand scenarios: General methodology and testing in a medium-size town
	77B

	Consolidation centers in city logistics: A cooperative approach based on the location routing problem
	78B

	Designing New Models for Energy Efficiency in Urban Freight Transport for Smart Cities and its Application to the Spanish Case
	79B

	Decomposition techniques for urban consolidation problems
	80B

	Solving the two-echelon location routing problem by a GRASP reinforced by a learning process and path relinking
	81B

	A two-step method to evaluate the Well-To-Wheel carbon efficiency of Urban Consolidation Centres.
	82B

	Barriers to urban freight policy implementation: The case of urban consolidation center in Oslo
	83B

	Pharmaceutical distribution in urban area: An integrated analysis and perspective of the case of Brussels-Capital Region (BRC).
	84B

	Adoption Assessment by Carriers and Retailers to Use an Urban Consolidation Center - A Case Study in Brazil
	85B

	Localisation of freight consolidation centres serving small road hauliers in a wider urban area: barriers for more efficient freight deliveries in Gothenburg
	86B

	The role of a structured stakeholder consultation process within the establishment of a sustainable urban supply chain
	87B

	The Bristol-Bath Urban freight Consolidation Centre from the perspective of its users
	88B

	Sustainable solutions for urban freight transport and logistics: An analysis of urban consolidation centers. 
	89B

	 Reduced Urban traffic and emissions within Urban consolidation centre schemes: The case of Bristol.
	90B

	Sustainability assessment of retail logistics solutions using external costs analysis: a case-study for the city of Antwerp
	91B

	A methodology for the evaluation of urban logistics innovations
	92B

	Transport service of a cargo consolidation centre with respect to logistics service of urban agglomerations
	93B

	Evaluating the consolidation of distribution flows using a discrete event supply chain simulation tool: Application to a case study in Greece
	94B

	An Evaluation of Urban Consolidation Centers Through Continuous Analysis with Non-equal Market Share Companies
	95B

	A system of models for the assessment of an urban distribution center in a city logistic plan
	96B

	Urban logistics: The role of urban consolidation centre for the sustainability of transportation systems
	97B

	Urban consolidation solutions for parcel delivery considering location, fleet and route choice
	98B

	Location planning of urban distribution center under uncertainty: A case study of Yogyakarta special region province, Indonesia
	99B

	Concepts of City Logistics for Sustainable and Liveable Cities.
	100B

	Evaluation of urban distribution centers using multiagent modeling with geographic information systems.
	101B

	Urban goods movements in a sensitive context: The case of Parma.
	102B

	Barriers towards development of urban consolidation centres and their implementation: Literature review
	103B

	New challenges for urban consolidation centres: A case study in The Hague.
	104B

	Identifying dominant stakeholder perspectives on urban freight policies: A q-analysis on urban consolidation centres in The Netherlands
	105B

	An urban consolidation center in the city of Copenhagen: A simulation study
	106B

	The delivery dispatching problem with time windows for urban consolidation centers.
	107B

	Local impacts of a new urban consolidation centre - The case of Binnenstadservice.nl.
	108B

	Different urban consolidation centre scenarios: Impact on external costs of last-mile deliveries.
	109B

	How to Consolidate Urban Flows of Goods Without Setting up an Urban Consolidation Centre
	110B

	The Limits of Public Policy Intervention in Urban Logistics: Lessons from Vicenza (Italy)
	111B

	An auction with rolling horizon for urban consolidation centre,
	112B

	A rolling horizon auction mechanism and virtual pricing of shipping capacity for urban consolidation centers
	113B

	A multiperiod vehicle lease planning for urban freight consolidation network
	114B
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This table is a statistics method for the real case of UCs in different cities, the symbol “★” shows the type belonging each UC case, and the symbol “↑ and ↓” reflects the performance of the UC on the eight kind of indicators. Lastly, the table gives the overview assessment of the UCs. The blank form means that there is no sufficient data to this item.
	city
	Type of the UDC
	Output of the UDC of the eight indicators
	Overview Evaluation

	
	Site-specific
	Town-wide
	Neighbourhood
	Fuel
	Emission
	Logistics time
	Vehicle numbers
	Efficiency
	Trips
	Business volume
	Congestion
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	Graz
	 
	★
	
	 
	 
	↓
	↓
	 
	↓
	↑
	 
	Positive

	Brussuel
	 
	★
	
	 
	↑
	↑
	↑
	 
	↑
	 
	↑
	Negative

	Paris I
	 
	
	★
	 
	 
	 
	 
	 
	 
	↓
	 
	Negative

	Paris II
	 
	
	★
	 
	↓
	 
	 
	 
	↓
	↑
	 
	Positive

	Dusseldorf
	 
	
	★
	 
	 
	 
	 
	 
	 
	↓
	 
	Negative

	Cologne
	
	
	
	
	
	
	
	
	
	
	
	

	Munich
	 
	★
	
	 
	↓
	↓
	↓
	↑
	 
	 
	 
	Positive

	Volkswagen
	
	
	
	
	
	
	
	
	
	
	
	

	Genoa
	 
	
	★
	 
	 
	 
	 
	 
	 
	↑
	 
	Positive

	Padova
	 
	★
	
	↓
	↓
	 
	↓
	↑
	 
	↑
	 
	Positive

	Vicenza
	 
	★
	
	↓
	↓
	 
	 
	↑
	 
	↑
	 
	Positive

	Lucca
	
	
	
	
	
	
	
	
	
	
	
	

	Tokyo
	 
	
	★
	↓
	↓
	↓
	↓
	 
	 
	↑
	↓
	Positive

	Osaka
	★
	
	
	 
	 
	↓
	 
	↑
	 
	 
	 
	Positive

	Arnhem
	 
	
	★
	↓
	↓
	 
	 
	 
	 
	↑
	 
	Positive

	Hague
	 
	
	★
	 
	 
	 
	↓
	 
	 
	 
	 
	Positive

	Almada
	
	
	
	
	
	
	
	
	
	
	
	

	Alba Lulia
	
	
	
	
	
	
	
	
	
	
	
	

	Serres
	
	
	
	
	
	
	
	
	
	
	
	

	S'Hertogenbosch
	
	
	
	
	
	
	
	
	
	
	
	

	Maastricht
	 
	
	★
	↓
	↓
	 
	 
	 
	 
	↓
	↓
	Negative

	Evora
	 
	
	★
	↓
	↓
	 
	↓
	 
	↓
	 
	↓
	Positive

	Gothenburg
	 
	
	★
	 
	 
	 
	 
	 
	 
	 
	 
	Negative

	Uppsala
	 
	
	★
	 
	↓
	↓
	↓
	↑
	↓
	 
	↓
	Positive

	Zurich
	 
	★
	
	↓
	↓
	 
	 
	↓
	 
	↓
	 
	Negative

	Basel
	 
	★
	
	↓
	↓
	 
	 
	↓
	↑
	↓
	 
	Negative

	Aberdeen
	 
	
	★
	 
	 
	 
	 
	 
	 
	 
	 
	Positive

	Bristol
	 
	
	★
	↓
	↓
	 
	 
	↑
	↑
	 
	↓
	Positive

	Chester
	 
	
	★
	 
	 
	 
	 
	 
	 
	↓
	 
	Negative

	London
	 
	
	★
	 
	 
	 
	 
	 
	 
	 
	 
	Negative

	Dundee
	
	
	
	
	
	
	
	
	
	
	
	

	Winchester
	 
	★
	
	 
	 
	 
	↓
	 
	 
	 
	↓
	Negative


Table III.1-The performance of the real cases of UCC
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The interview questions are designed to capture such information from the stakeholders. Table IV.1 display the questions for the stakeholders. The questions setting is related to 15 indicators we selected, each indicator has its dedicated questions. Besides that, four types of common questions are associated with each indicator.
	Indicators
	Dedicated Questions for each indicator
	Common Questions for all Indicators

	AOC
	(1) What is the cost structure of this UCC? (2) Which logistics activities (or items) significantly influence the cost of this UCC?
	(1) Do you think whether this factor has significant impacts on the operation of UCC or not?

(2) How do you think the UCC’s performance on such indicator?

(3) Is (are) there any issue(s) with the UCC’s performance on this indicator? What is (are) it (them)? 

(4) Do you implement any measures to deal with them?

	TOP
	How do you set the charge price for the UCC service? 
	

	ISUR
	(1) What is the size of the storage area of the UCC? (2) Is this area fully utilised?
	

	GHEE
	(1) How many workers are this UCC employing? (2) How many goods are you handling on average in each working day? 
	

	DAR
	(1) Which logistics activities will cause the goods damage? (2) Can you guarantee on-time delivery?  (3) Which issues will lead to the delay delivery?
	

	LTDU
	(1) How long it takes to handling goods in the UCC before delivery
	

	PAV
	(1) How many alternative vehicles are you implementing for the urban delivery? (2) what are the percentages of alternative vehicle to the all vehicles you are using
	

	TLR
	Do you know the value of average truck-loading rate for the urban delivery? 
	

	TMUA
	(1) Does the UCC project result in reduced travel miles when comparing to the delivery without UCC? (2) Do you know the value of the travel mile reduction?
	

	NDT
	(1) How many delivery trips are you implementing in each day? (2) Does the UCC project result in reduced number of delivery trips when comparing to the delivery without UCC?
	

	PFI
	(1) How much money do you received from the government or public institutions? (2) Why do you get subsidies? (3) How do you use this money? (4) Except the financial support, do you receive any other support from the local government?
	

	ASS
	What is the salary of workers?
	

	WOU
	Which events will cause your staff to suffer the overtime working?
	

	TTT
	(1) How long will each delivery trip take? (2) Does the UCC project result in time reduction when comparing to the delivery without UCC?
	

	TOP
	(1) Is there a reserved parking space at each destination? (2) Do you need to adopt on-street parking strategy? (3) How long it will take for each parking period
	




[bookmark: _Toc66703294]Appendix V – Questionnaire and Consent Form
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Title of Research Project: Models and Methods for Performance Evaluation and Economic Feasibility Urban Distribution Centers.

Dear participant,
Thanks for taking part in this interview. This interview is an essential part of my research. My research is partly covered by the ProSFeT (Promoting Sustainable Freight Transport in Urban Contexts) project, a Marie Skłodowska-Curie Action within the Research and Innovation Staff Exchange (RISE) scheme, funded by the Horizon 2020 programme of the European Union. 
The ProSFeT project aims at promoting sustainable freight transport in urban contexts, by empowering stakeholders in the transport industry and local authorities with better decision-making procedures. The main objective of my research is to measure the performance of Urban Consolidation Centres (UCCs) according to a triple bottom line perspective. 
Through this round of interviews, I will survey UCC stakeholders representatives from both the public and private sectors; The interview will be based on both open-ended and close-ended questions; it is foreseen that the interview will last at most 45 minutes. The interview will be articulated according to the following steps:
· Initial briefing (5 mins);
· Questions about current issues in Urban Freight Transport Planning experienced by your organisation (20 mins)
· Discussion about potential innovative solutions and best-practices implementation (15 mins)
· Closing Remarks (5 mins)
For the purpose of subsequent analysis, all the data will be anonymised and treated with the strictest confidentiality; no personal data will be utilised in research activities linked to the project. Data emerging from the interviews will be utilised in an aggregated form.
Participation in this interview is voluntary, and you can withdraw at any time (simply by mentioning it to the facilitator and without providing any reason for it) if you wish to do so. In this case, your partial participation in the interview will not be considered in the analysis.
Shall you have any query about this research after the interview, do not hesitate to get in touch with us by using the contact details shown below.
Thank you for considering taking part in my research.
Sincerely
Shucheng Luo
Sheffield University Management School
Logistics and Supply Chain Management Research Centre
T:+44 07535992407  or +86 13601719143
E: sluo5@sheffield.ac.uk

Consent to participate:

Please read the following statements and indicate your agreement to participate by ticking the box to the right of each statement and sign & date at the bottom to confirm your consent to take part:

1) I confirm that I have read and understood the information sheet explaining the above research project and I have had the opportunity to ask questions about the project.□
2) I understand that my participation is voluntary and that I am free to withdraw at any time without giving any reason and without there being any negative consequences.□
3) I understand that my personal details will be kept strictly confidential, my name will not be linked to the research materials, and I will not be personally identified or identifiable in any reports or publications that result from the research.		□
4) I agree for the data collected from me to be used in future research.			□
5) I agree to take part in the above research project and will inform the researchers should my contact details change. □								      				
Name: …………………………………………………………………………………………………
Signature: …………………………………………………………………………………………….
Date: ………………………………………………………………………………………………….


SECTION A (EVERYONE TO COMPLETE)
Demographic Profile
A1 Please select your gender
	□ Male

	□ Female

	□ Other


A2 What is your job title and your main responsibility within the UCC system?
	

	

	

	



A3 How long have you been associated with this UCC?
_____________________________________________________________________



SECTION B (EVERYONE TO COMPLETE)
Understanding UCCs’ functions within Sustainable Urban Logistics systems

B1 What is your understanding about the concept of sustainable urban logistics? 
__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

B2 What is your understanding about the role of this UCC within sustainable urban logistics strategies? 
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

SECTION C (EVERYONE TO COMPLETE)
Indicators’ validity

C1 Based on your experience, select the relevant indicators that apply to your organisational objectives and/or to the ones of the whole UCC system.
	[bookmark: _Hlk510731933]Dimension
	Indicators
	Relevant to 
Your Organisation
	Relevant 
to UCC Operation


	
	
	✓
	✓

	Economic
	Annual Operating Cost
	□
	□

	
	Typical Delivery Price
	□
	□

	
	Infrastructure Surface Usage Rate
	□
	□

	
	Goods Handled per Full-Time Equivalent Employee
	□
	□

	
	Delivery Accuracy Rate
	□
	□

	
	Lead Time for Goods Delivery from UCC to its Users
	□
	□

	Environmental
	Percentage of Alternative Vehicles
	□
	□

	
	Truck Loading Rate
	□
	□

	
	Travel Miles in Urban Areas
	□
	□

	
	Number of Delivery Trips per Day
	□
	□

	Social
	Public Financial Investment
	□
	□

	
	Average Staff Salary
	□
	□

	
	Workers’ Overtime Utilisation 
	□
	□

	
	Typical Workers’ Commute Time
	□
	□

	
	Total Travel Time in City Centre
	□
	□

	
	Time for On-street Parking 
	□
	□






Sub-SECTION D1 (To be completed by UCC Operators) 
D1.1 What is the ownership structure of UCC? 
	□ Private (Solo-owned)

	□ Private (Joint Venture)

	□ Private-Public Partnership

	□ Publicly-owned

	□ Other (Please Specify) _____________________________________________________


D1.2 What are the main revenue sources for the UCC? 
	Name of Source
	Whether Includes or not
	Percentage

	Service fees from users 
	□
	______%

	Government financial subsides
	□
	______%

	Fees payed by the materials/goods consigner
	□
	______%

	Others (Please Specify) ____________
	___________
	______%



D1.3 How much is the Total Cost of this UCC
_____________________________________________________________________
To What extent involved stakeholders are sharing the total UCC’s operating expenditure? Who put money for these cost.

	UCC Operator
	______%

	Government
	______%

	UCC Shipper
	______%

	Carrier
	______%

	Others (Please Specify) ____________
	______%



D1.4 What is/are the reason that your company join this UCC project? (You may choose more than one)
	□ Increasing the profit

	□ Encouraged by government

	□ Promoting the companies’ popularity among the customers.

	□ The consideration for the environmental protection and social responsibility

	□ Other (Please Specify) _____________________________________________________



D1.5 What kind of measures have the UCC implemented to attract more consumers join this system (You may choose more than one)?
	□ Commercial advertisement

	□ Publicity of environmental and social benefit

	□ Administrative intervention

	□ Competitive pricing

	□ Increase the types of service provides

	□ Service quality

	Other (Please Specify) _________________________________________



D1.6 Which are the environmental benefits that have been achieved from establishing this UCC (You may choose more than one)?
	□ Travel miles reduction

	□ Travel times reduction

	□ Reduce the numbers of delivery trips in urban area

	□ Reduce the gas emission

	□ Alleviate congestion

	□ Reduce the fossil-fuel consumption

	□ Others (Please Specify) ___________________________________


D1.7 What kind of building materials are this UCC handling?
__________________________________________________________________

D1.8 What is the average daily cargo handling quantities of this UCC?
__________________________________________________________________

D1.9 What is the facility size of this UCC?
__________________________________________________________________

D1.10 How many trucks do you have? What is the Percentage of the alternative vehicle?
__________________________________________________________________ 
D1.11 What is the average truck loading rate of each delivery trip.
__________________________________________________________________ 

D1.12 Are there more than one delivery trip in a day?
□ Yes
□ No 

D1.13 Have you organised the travel routing before the delivery process in urban area?
□ Yes
□ No
D1.14 Do you ship goods on the weekend/holiday?
□ Yes
□ No


[bookmark: _Toc46053522][bookmark: _Toc46093436][bookmark: _Toc46093719][bookmark: _Toc66703295]Appendix VI – Pairwise Comparison Matrix
EVERYONE TO COMPLETE THIS SECTION
SECTION E: Pairwise Comparison
INDEX: Please pairwise compare each of the indicators through the following values 

	Value 
	Definition of the Value
	Interpretation

	1
	Equal Important
	Criterion i and Criterion j are equally important

	3
	Weak importance over one another
	Criterion i is slightly more important than Criterion j

	5
	Strong importance
	Criterion i is much more important than Criterion j

	7
	Very Strong importance
	Criterion i is by far much more important than Criterion j

	9
	Absolute or extreme importance
	Criterion i is definitely much more important than Criterion j

	2,4,6,8
	Intermediate values between 2 adjacent judgements
	



[image: ]
Example: 
If you think the Dimension of Economy is “Weak importance over” The Dimension of Environment, then you mark 3 with (〇) on the left hand side (Red Colour).
If you think the Dimension of Society is “Strong importance” than the Dimension of Economy. You mark 5 with (〇) on the right hand side (Blue Colour). 
If you think the Dimension of Society is more than the level of “Very Strong importance”; but cannot reach the level of “Extremely  Strong importance” than the Dimension of Environment. You mark 8 with (〇) on the right hand side (Blue Colour).
The form will be filled as:

[image: ]
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[bookmark: _Toc46053523][bookmark: _Toc46093437][bookmark: _Toc46093720][bookmark: _Toc66703296]Appendix VII-Transcribing Data
Case 1
Interview with stockhom stad
A1 Please select your gender
	X Male

	□ Female

	□ Other


A2 What is your job title and your main responsibility within the UCC system?
	We usually call our jobs: the freight program manager. It's about the trying to make freight transported the city more efficient. So I work very much. I Facilitator that's a neutral part. I'm working together with private sector stakeholders to engage them in a positive change to achieve more efficient great transport. 
Which dimensions are you concentrating on? Economy, Environment, and Society?
I guess most on the environmental and societal would be more than the Economy as I work for the city. And so it's very much about minimizing the number of vehicles circulating on the roads and using like: having vehicles circulate at times when they do as little harm as possible, I will just clean the green engines as possible and being as safe and secure as possible. so it's both about emissions, local emissions, and also about the congestion.



A3 How long have you been associated with this UCC?
	I have had a little bit more than a year more than a year.  I joined, actually I started this job almost at the same time as the Inauguration of the consolidation centre. So what's my predecessors, my former colleagues that work with like the preparations and so on,



A4 To what kind of stakeholder category do you belong within the UCC system?
	□ UCC Operator



	□ Shipper

	□ Carrier

	□ Consumer

	X Government (Administrator)

	□ Other (Please Specify)___________





B1 What is your understanding about the concept of sustainable urban logistics? 
	To me, I guess it's what I what I said before, It's about uh, minimizing the number of negative impacts from free transport, but still securing access for the different freight flows that help us to create an attractive city. We need to have that goods coming in. We need to have waste going out, but we have to find solutions where the where we can minimize the negative impacts from those transports. 
Can you list some examples of bad impacts generated from the city logistics?
Yes. Bad impact. What is the best that impact other? Anyway? It's like, noise from trucks, it's a local emissions, climate change emissions. Uh, we have congestion, we have road safety and also maybe a security, and how people perceive the situation.



B2 What is your understanding about the role of this UCC within sustainable urban logistics strategies? 
	I would say that it's a tool to achieve what I just said to minimize the negative effect .Because when you have a consolidation center, you can combine it with other measures. For example, you can have the big trucks going to and from the consolidation center, or in this case, the micro terminal. You can have those transport by night maybe. And then you can have the local distribution and collection of waste with the, as in this case, smaller, less emission, less noisy vehicles and less problematic. when it comes to road safety are very good.





C1 Based on your experience, select the relevant indicators that apply to your organisational objectives and/or to the ones of the whole UCC system.
	Dimension
	Indicators
	Relevant to 
Your Organisation
	Relevant 
to UCC Operation


	
	
	✓
	✓

	Economic
	Annual Operating Cost
	□
	✓

	
	Annual Revenues
	□
	✓

	
	Typical Delivery Price
	□
	□

	
	Infrastructure Surface Usage Rate
	✓
	✓

	
	Goods Handled per Full-Time Equivalent Employee
	□
	□

	
	Delivery Accuracy Rate
	□
	✓

	
	Lead Time for Goods Delivery from UCC to its Users
	□
	✓

	Environmental
	Percentage of Alternative Vehicles
	✓
	✓

	
	Truck Loading Rate
	✓
	✓

	
	Travel Miles in Urban Areas
	✓
	✓

	
	Number of Delivery Trips per Day
	✓
	✓

	Social
	Public Financial Investment
	□
	□

	
	Average Staff Salary
	□
	□

	
	Workers’ Overtime Utilisation 
	□
	□

	
	Typical Workers’ Commute Time
	□
	□

	
	Total Travel Time in City Centre
	✓
	□

	
	Time for On-street Parking 
	✓
	✓





Sub-section D 3 (To be completed by Government)
D3.1 What is/are the government's function in the entire UCC system (You may choose more than one)? 
	□ Leader

	X Inspector

	□ Assistant

	□ Manager

	X Supporter



	Robin’s Explanation:
I guess supporter would be good. I mean, we are making it happen because we are a facilitated where by being a part of this by saying we think this is important. We are part of this this is collaboration that we support. We want to have more people coming into it. We show the market that we want, that this is our long term strategy so that other companies may be there to start to think differently and enter this solution. So we're a, you could say we're guarantee or promoter some sort of a definitely a supporter. I guess, maybe also a little bit, I don't know a little bit inspector because we also give a permit to the electric vehicle to circulate on pedestrian areas. Oh, but we also have parking agents walking around. So we're also securing the tickets follows the rules, as we do in all cases. But not really. Inspector of the how the consolidation centre. I'll cut more of the usage of the public infrastructure. So as for me, I think support would be passed.



D3.2 What kind of measurement has been taken by Government to help to maintain the UCC (You may choose more than one)?
	X Policy and regulation support

	□ Priority in the marketing

	□ Financial support

	□ Others, Please List _________________



	Robin’s Explanation:
I would say, we did put some financial support, but only in the investigation. Face investigation face, because we investigated different business models. That's so the city put some money on consultants to investigate different business models and it so that was part of our work to promote something like this. We didn't know at that time, UCC this would be the solution. Also, from our point of view, we did put some, but not to this specific solution. We did not put financial but in general, we investigated it. 
Do you use some strong policies such as force some consumers to use this? 
no, not to consumers, but we promote it. So it's more stuff we e tried to tell the market, tell everyone that this is good, you should enter it. Ah, but we're not forcing anyone.



D3.3 What is/are the environmental and social benefits of establishing this UCC within sustainable urban logistics strategies (You may choose more than one)? 
	X Travel miles reduction

	□ Travel times reduction

	X Reduce the numbers of delivery trips in urban area

	X Reduce the time for road occupancy

	X Alleviate congestion

	X Reduce the fossil-fuel consumption

	X Reduce the gas emission

	□ Increase the public awareness of social and environmental issues

	X Others (Please Specify) _______Improve the Road Safety______



	How do you rating this effectiveness of all these things you achieved? 
I mean, we see a great potential in it, but it's still very small. It's still only a little small area and a few companies. The overall effect is not that big yet, yes, but we see big potential in achieving a bigger effect for the run. 
When you set this project, you should have a primary target you should achieve. 
Uh, yeah, but it's not really been a project like that. IT's been I mean in general, we wanted to improve transport efficiency. Had little, as I stated here, reduce the number of the delivery trucks circulating reduce emissions reduce. And we know that we have followed it up. I mean, we know that the solution decreases. That is much more energy efficient and then decreases carbon dioxide emissions, and also that um, since it's a small and slow moving vehicle that can go on maximal twenty kilometres per hour. So it's also improving safety and security. Ok. Uh, but we haven't really any exact figures for all of them. I have figures for a few of them. From the first follow up report that we did. And we're now planning, we are now applying to the national authority for making for energy efficiency we're applying to get project support, to get money from them to do more evaluations.



D3.5 Which of the following items show that the residents understand the benefits of the sustainable logistics model from the UCC project (You may choose more than one)?
X More citizens willing to choose the UCC service
X Citizens agree with this public investment
□ More logistics companies willing to join the UCC system.
□ People will recommend the UCC service to others
 Others, (Please Specify) _________________________________
	Do the citizens understanding what you're doing now for this UCC. 
A little bit, maybe not too much, because they're not they're not buying it directly. We're talking about now also including, e-commerce flows to private persons. So maybe, inhabitants’ population will be more involved in the future. But today, this is just examples. Yeah. This is only a few examples you need have or it's some other show. The argument, I guess, as it sounds agree with his public investment anyway, and we have we have had a lot of positive feedback from the consumers. But it's not like people tend to be not so aware of transports. They only work the goods in the stores. So they don't mind how they come there. But yes. So it's hard to reach people with this kind of story. Ah, because most people are maybe not so concerned with the freight transport. They only constant you should during time you sure that this is a challenge on their sweaters in the shop or the coffee at the cafe, but they're not really thinking about how they are transported there. 



D3.6 Are there any measures are implemented to push more numbers of logistics companies to join this UCC system.
	We ask more logistic company to join this project. they've been I guess we've just been meeting a lot of them, and I’m telling them about it and asking them to join with their ideas. But we're going to try to, we’re gonna try to be more activing that point. Further on and we will have the four different stakeholders that are part of the user. See, we will try to define a strategy together on how to move forward. And also we did this evaluation project that we're applying for money. Now we're planning on approaching other transport companies, trying to have them join as we're evaluating. 
What is the feedback from them? 
Many of them are. They're a little bit waiting on there. Some of them say that uh, we have so many parcels. We have too many packages. Your solution is too small. Your vehicle is too small. Or your micro terminal is too small, and some of them are maybe not so keen on the letting someone else deliver t，he package on the last way. And so it's a little bit about branding. For example, some bigger companies, like UPS, they are restricted from the USA not always have their own look but not together with someone else. So there are different issues from different companies. 




Interview with Ragn-sells
Stakeholders make an introduction for this case:
We are picking up the goods outside Stockholm. This is the room, where the goods are coming in. We build a separate room for this for these goods. No individual room for that. The goods from bring. IT's now in a line haul transport on the way into this station. And when the goods are coming here, we take it inside through sorting. Then we'll load it on the electric weekend. This is the container for the waste. We collect the waste and at the same time delivery good for the Bring. Outside Stockholm the bring which is a logistic transport company. They have customers in the central of Stockholm, in a very small area in the absolute centre of Stockholm, (now) We deliver goods for their customers. (This is because) where they have problem with all the traffic (have negative impacts on their delivery efficiency) in the narrow area. Yeah, and when we are out (to) delivered the goods. It's possible for us to pick waste at the same time at the same time. We have lots of customer (for waste collection) in this area are. we don't know where are the (arrived)goods (before they arrive here), (After the goods arrived, we sort this goods) and then we know where we should go today. 
Today and tomorrow it's not the same customer. You turn down there a new customer with new goods. One big issue is the digitalization in the front, because Brings system and our system for wastes are not speaking together. But when it does, we could do a very smarter logistic solution. So delivery and pickup.
I show a business modelling for the Interviewee: Actually, I have a draw a small map for this one, and I don't know whether it's right or not. I divided this project into the two part. A. The downside is your original function of your company. you collect waste and did handling in this city and deliver outside the cities. And the upside is your new business models just from cooperate with The Bring. Yes. And now there are two types of consumers as you tell me. And they have some overlaps here in some in some deliver trips, some are not. So, I think this model is right. 
This is very good. Now I see you understand. the interesting thing is (the customer of) forward logistics is also bringing. They have their customers and we have our customers, often is the same customer. (Our customers do not know they relate to another).
Let's start with a formal interview. What is your Job Title?
Chief market operation for rage-sells.
What's your daily works? 
I have (manage)the operation for (the) market division.
How long have you your company join this new business model with the Bring? 
For one and a half year
Do you understand the function of your new business for the city's environmental and society issues?
IT's to get less transport in the city. That's a big question. How could we in this area to manage all the traffic, we have to do it in a better way.
These indicators are from previous studies, which do you this is relevant with the UCC’s performance?
(Tick in the questionnaire)
Which indicators are relevant with your job?
(Tick in the questionnaire)
Annual operation cost 
The money we get from Brig can cover for the cost of the deliver goods. Normally Bring drive to the customer. And it have a cost. （now）They're not own money for that yet. (they share the cost for us). If only we deliver goods and not handling waste, it would be flat. The cost and payment are equal to. But we can collect the waste from (our customers) in each (delivery) trip. (this UCC project) reduce 10% of cost for the waste collection.
Typical delivery price
Price is set up by negotiate with Bring during the planning. We have different price for different customers. we do not allow a low paying, we will lost profit if we don’t get (enough) money.
Do you receive any financial support from the government?
We don’t get any money from Stockholm Stad.
Goods Handled per Full-Time Equivalent Employee (GHEE)
How many staff have you heard for this business?
We hire two workers (for this project), I think the worker number is reasonable. We can deliver most of the packages on time
Delivery Accuracy Rate (DAR)
Now, they are sorting the parcels here. Parcels are sorted according to their destinations; all goods well be sorted manually; we will not make mistake about the destination. We have 100% safe delivery, because they are very normal parcel boxes. It is not easily break.
Lead time of delivery goods from UCC to its users.
How long it takes to sort these parcels
40 minutes to 1 hour to sort these parcels
How many green vehicles do you have?
1 vechicle, 100% parcels are delivered by this vehicle.
Do you know the figures of the truck loading rate?
I don’t know how much; I don’t know the exactly (figure). It is under the capacity. We are going to develop a new truck, the door can be laying down from the side, (so that) we can load more goods. Now, the container is narrow and long, we cannot load enough packages in each delivery.
Do you think this UCC reduce the travel miles in urban area?
I don’t think so. The (service) size is small, the location of UCC is in the middle (position), we always manually ship goods to the buildings around us, I think this is the reason we reduce the travel miles. If we use the vehicle to deliver, I think the travel mile is the same (as non-consolidation model).
Average staff salary
The staff salary occupies a lot of percentage of the cost because paid staff. it's very important to manage the staff salary. 
How do you evaluate the salary for a staff?
We do not set the salary with staff. We have it with the union.
Workers overtime utisiation. 
Because the regular working time is eight hours, in this case, do you have to ask your staff more than that? For example, you extend the working time to 9 hours.
Okay, in this case, we use more people, we have more people. over time is it's very expensive. The union do not allow the overtime working.
Total travel time in city centre.
It’s six hours to eight hours a day.
Do you have the figure about this?
No, because it depends on where you're going in this area.
Time for on street parking.
Can you always found the parking place during the delivery?
It’s a mix, sometimes you in the garage and sometimes on the street. And we have places on the street where to park, If it's free, you can park there, if there's another truck IT's parking there, you have to wait until he's leaving. or parking in other area. I think this is influence the traffic. 
Interview with Bring
What is your job title, and what is your responsibility in UCC?
Head of the communication for Bring in Sweden, (the job) is PR for internal & external communication. I am working with market here at Bring. We together with the cecilia and another girl called Jenny in Range-sells, put together the concept, we get a start the project. 
Do you know how the UCC works?
I am not expert in the goods delivery or good handling.  I know the basics of it. But not in the details.
How long have you been working for this project
I work in this business model us since it started. it goes back in autumn 2016, we started to work together with ragn-sells.
These indicators are from previous studies, which do you this is relevant with the UCC’s performance?
(Tick in the questionnaire)
Which indicators are relevant with your job?
(Tick in the questionnaire)
Annual Operating Cost
The payment to Ragn-sells is equal to the cost saving, we're okay when we feel the cost (to deliver) more parcel lower the costs. The thing is that it doesn't cost more today than it did yesterday.



Typical Delivery Price
The (value of) money we pay to Ragen-sells is through negotiation. They agree with the price, my company pays according to the invoice. The money we pay to Ragen-sells is the same as we saved in this project.
Infrastructure Surface Usage Rate 
(This indicator is not involved interviewees’ job).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
Delivery accurate rate
Ragn-sells must meet the requirement of service quality. They have the same quality service as us. 
Lead Time of Delivery Goods from UCC to its Users
Ragn-sells can delivery all the goods according to the time schedule. UCC business does not significantly influence the lead time of last-mile delivery
Filling the multiple-choice form.
Are there any other companies you want to cooperate?
Of course, that's one of our missions in this project that we want to involve other business into this model. Because we're doing this together, to ask set a collaboration （with more companies）, not only one project that wants to involve more companies and make both business and the citizens in the city's that are committed to that we have do something for our cities, because they are growing transport of goods, out of the city and in the city area is growing as well. So we have to do something. IT's not sustainable to have, two, three or four five different logistic companies driving in the cities and living one person here and one person there. So, if we could combine it, IT's perfect, and do it with less emissions and so on.
So our expectation for the whole program together for the future (if more companies join.) We want to have the same high quality on our delivery with the ragn-cells, the service of ragn-sells is equal as we do it. We cannot found the same (companies who can do it the same as us). that's why we do not do this (with other companies).  another is the environmental factor, we hope to reduce the emission.
Have you received any complaint from Ragn-sells about the goods arriving process? 
I think the visible logistic information should be a critical issues of this project. In my role when I work with the communication (with UCC). The most important information in this project is about the goods go from A to B is that we would have a good visibility. It is reality of the information. But this issue in our project is not as the logistics information. Ragn-sells doesn't know any information before they goods arrive their platform. Because we have two different logistics platforms, I think this will become a big issue if the collaboration (scale) gets bigger. It does not influence much of our business.
Do you get any support from the government？
We will build a new project in the old town.it is a very small area, with narrow street. Stockholm stad gives our permission to drive the in this area. Because we use the electrical vehicle and the vehicle is safe. Other vehicles can only access this zone to deliver goods between certain times.
Do you receive any funds from Stockholm stad?
NO, money for the project is from our cost saving, we pay for this project, we don’t get any money support from the government.
How do you pay for the rang-sells?
We will pay for the record for their delivery. We not allow collaboration will increase the cost for our company or lower the income. But as we said from the beginning the collaboration, (the primary consideration for us) should we do this (project)? It should be a sustainable all the way. We should not lose any money on it. The payment is going to be as much as it was before. The price for each parcel doesn't cost more today than it did yesterday. Our company pays the money for Rangel-sells for the workers. We don’t hope they increase the numbers of workers, (otherwise,) we will pay more if they do this.
Because we have more and more parsons going into the city side at the end. we are going to find new collaboration to delivery parcels. we hope it is going to be more profit and less costs for us. At least, today is the same as yesterday. Then we will consider the (factors of) less emissions.
What are the opinions for the development of these business? 
We should make other companies to understand this sustainable concept. We can grow our business. Now many of the companies considers their brands when we try to build a collaboration (with them)
Interview with KTH
Do you know the concept of the sustainable urban transportation or sustainable urban logistics? 
I mean there are different definitions. I think that I mean, um, I I see the sustainability generally as this having this economic ecological and social component. So I think for sustainable logistics it's the same but then applied to logistics. 
What is your research area?
it's electric vehicle adoption and electric vehicle use. It’s about the process why people choose an electric vehicle. And how is the process towards electric vehicle adoption. People before they can adopt an electric vehicle to have, for example, are inside in their own travel patterns or insight in the characteristics of the electric vehicle insight on where they can charge it. It's like a process that is needed before people can adopt electric vehicle. Ok. And part of my researches about that when people have an electric vehicle, do they order? Do they change their travel patterns and in which ways.
How long have you been studied with this or working with this 
Since the November 2013
Do you receive funding from government in this project?
Yes, we got the fundings from national government, funding is important for us, our research in this project are supported by the government. We need more funding to develop our research. The funding is used for the electrical vehicle. Maybe the UCC is not supported by the government, but our research receives funding
Click in the Questionnaire to select the indicators.

Issues reported by KTH, Hard to improvement
So this is that if they have, maybe they have two parcel is going here. One was going there. I said, let's merge them. So then we merge them. Then instead of have two wagons, you can say we just cancel one of them and then you might have a big improvement. But it is now it's very hard to know what it is really replace and we would like to at least from the packet side of you to see give up the Bring right now or what did they do actually what did they do before they started with that project. That's go to start and what are they doing now. So how are the operations but that means you have to look at the bigger scale than only in this area and it's very hard to know how big should the scale to affect the improvement. 
And I mean if it can merge two conventional wagons, and that it might be make more sense. Because then you have this at least, this stretches here that are kind of double, you can erase two of them if it just makes one round. And then they you say this fifteen kilometers, thirty kilometers, times.
Do you have exactly values of how much emissions they saved for this business models comparing with the previous one? 
No, because we don't know this. If you really want to compare, you have to know exactly how did it affect the previous system. So what we did in the report was to assume. The only compare the wagon we don't compared the operation. Operations will be affected in direct and indirect ways. So we already could do this and so we did like what if this would be the conventional truck that goes through the area, delivers or takes the garbage from this area and goes back. I compared to we have this red round plus we have the dotted line and that are need two elements. And so that's not be compared. But we did not compared with what is emission such like this. 
We get you some emission factors and stuff, but we did not have knowledge about, how does the pattern change of the conventional? And that is there is something that is extremely important. It's not easy to do, because it can also be that there is a very big new customer popping up here outside of the area. So that the rules change. So you can say, if this new big customer would not have been there, we could have merged those two lines. But because this customers here, we still need to have the two tracks, because we simply don't have enough space. 
So it's really as soon as you talk about capacity, you have a step function. And so, you have one wagon can we have you dumping garbage in garbage, garbage marginal cost is very low until it's full. Then instead of having bomb you have to have to and then you double the two emissions. You double everything and then used it again. Have a very big empty truck that you can load load load until it's full. 
And then you have to buy as a third one. And so it's really in steps. Howdoes it go with o two? Emissions is really in steps. And so here is kilogram and here is emissions. Yes. Yeah. So, um, and so it means a lot whether and all of these things, or maybe you lose a customer here, you lose, it goes down. And and yeah, so there are so many factors that affect how efficient it is to do something here that you cannot control, and the outside of the area and outside of the control of the operation. But they affect the efficiency of the operations. 
Annual operating cost
The cost goes first and revenues at the end without any revenues, they can stop the project. ragen-sells already have one thousand users in this area and some trips of the waste collection and delivery are overlap has the same. So these model can help them reduce about fifteen percent of delivery costs during the operations. This is how they get economic reward from this project from there, from just from their manager’s opinion.
Percentage of Alternative Vehicles
I mean it is now, you have those small vehicles that do maybe six kilometers. Okay, you can have those ones in different parts of the city. And then they have all our vehicles that bring it from the central points to the recycling station. And let's run twenty kilometers uh, might be that it's that it becomes interesting to replace these ones also with electric vehicles. 
but right now that's not the case. So right now is this the small inner city circles that the electric and the ones from and to the city there's not a vector because the waste collecting companies they want to expand they are delivery else. Therefore, they bought another new vehicle like this one but a little bigger. 
I didn't know that they bought a new one and the things that how is this for example they have a small warehouse in the city centers and the big truck delivery good here and use small vehicles. Do you do you know home what's the total size of the delivery area? 
I would say it's the roads four square kilometers between lawmen for so between one times one and two times two. Oh, yeah, I think so because they tell me they have two charges after each dinner in charge of it around yes afternoons charged with battery charge this battery with round. 
So they are wondering that how to allocate it at the new warehouse sites for the new vehicles so that the new vehicles are they gonna drive in gamma stan? Are they gonna drive in in the in the inner city? They didn't tell me. So I think the new vehicles should be delivered the same air, the same size air. That is one but not not the same place. 

Travel Miles in Urban Areas (TMUA)
Opinion: I don't know how much this truck reduces traffic miles. But I think that it reduces traffic miles with (comparing) bigger fuel-based vehicles. The progress (of this project) is to replace the bigger fuel-based vehicles by this small vehicles in the historian zone, let's see delivered to do this little truck. And then the little truck is driving around in the city center. You still might have the same the same trips (travel miles), but it used the electric vehicles and reduce the emissions. 
Because of the fact that they had their combining different types business, it might be travel miles can be reduced because of that. We were not able to measure the combination of packages and a waste collection. Because we didn't have data about distribution of goods (this model). 
Truck loading rate
IT's a tradeoff because if you make container broader, it's not so easy to go through this narrow streets that are, I mean part of this idea of us that you are in the narrow streets and as you can can deliver also to areas where it's not easy to deliver with conventional sizes. Maybe this package weighs half a kilogram. But a lot of the volume. Yeah. So I think if I a part of it is due to the fact that we are talking about baggage is and bottles Okay, Ragn-Sells has reported this with us, we are not aware of this issue when we design this truck. We did not pay much attention to the container size. Whether they want to make it broader, I think it depends on the area. If you have an area where there's more space, you can make the size larger. 
Total Travel Time in the city centre (TTT)
They use these vehicles and provide two trips every day and each trips for three hours. so they drive six hours a day.
And here I put a bit more to do, right, because total travel time in city center. And, they have to make you know they want to get less vehicles on the streets, even less vehicles parked., that's one of their targets. On the other hand, they have their budget that they do not want to spend. So it's a bit of trade off that I have here. Just that's why I didn't put them here at nine. And that's because from previous studies we find that they are trust the electrical trucks have been have to park in the in the city l for about two hours a day. Total trip include total trip. So it's uh, because it's very big and uh, how to say that it's a well occupy half of the size of the road. So it has a great influence on the traffic flow. Yeah. So this is the Stockholm stad want to avoid during the delivery, but they do not give any supporting no regulation for this children rights community in time. 
Time for On-street Parking (TOP)
Half of the delivery time is for the parking. This vehicle suffers a lot of issues when it is parking. the parking place are already occupied by the bad companies, and there's not many place for their parking. this project are sharing with other companies in inner city area and that means you are dealing with different competitors that all have their vans and stairs, unless you can get your private parking places for whatever reason. But, this is impossible since Stockholm stad stops. It's not reality giving place to a specific way, because it's against a Swedish law. 
Interview with office of royal seport
Interviewee make an introduction for this project.
The construction company order the materials, and they also booking time slot for the vehicles. This UCC store their goods and use small vehicle deliver the goods into their site. And carry all the waste outside this area. The waste is generated from destroy the old building.

Do you know the cost structure of UCC? Do you have the exact figure about this?
I will show you the report, it has the details. 
Can you give more details about the organizational structural of this UCC?
This is the report. Stockholm city build this construction consolidation center. We hire a third-party company to manage this facility. Stockholm city is the owner. we have a lot of stuff we have to buy, for the operating because we take the fee for the gates and fences and we'll use the fee when start building here. we have a new organization I would show them to you, and then we can show you before, in before we have one operator. now we have several operators together.
So, this is a new organization because we saw that it's he said for the city to lead and manage the organization for this stuff. So this is their names. here, that's the main operator we have before. And this was the organization for Um. So, we have storage, logistic coordinators, gates. IT systems, we have big building support. We have guarding and electric They're always on. But we bought this because it was a new product for us. And it was a new party for Stockholm stad too. So we didn't know how to manage this. So, we set it was a research project, you could say innovation project. we have a new company growing up from this project, for the gates. So now we have new accompany who was selling gates for the Nordic countries from this project. 
I will show you, I think this would be more complicated than the old one. No, here. Yes. This is a contract for me. Yeah, of course, if you have one operator, I think it's the management, but it doesn't they didn't know the fix all the requirements today. The the one operator he added manage all these things. so we thought that it's easier for the city of stock all to have each contract eat everything. 
So we have electric safety. This is a for lightning, fences. And so far we have big support the building support in gates in in system waste one contract, storage, transport and machines. and this is the organization who is management here (set by Stockholm city), this is the new organization. This are six people, four people (organization) are here. two people here and one people here. Oh, and then you have to all the doing these people or organizations is management this kind of support here., this is a consulting organization and it's in my organization is easier for me. There is some direct contact with each person is working for the city of Stockholm. IT's easier for us to control. Because here I was alone here. Yes, that's one week per month. That was really hard for me to fix this here. IT's not easy because new have direct contract. We did guard and fence, low safety second man. So this we can manage it by ourself. So this organization is in in our organization and we have control of the economic and everything they could. IT's easier to have.so that's a big difference. But this organization is more expensive than the other one. because I have a lot of more people here in this project.
Another thing some important because we have to say we have some goals about the environmental achievement. Before this UCC is stand here. Direct transports is about the 90%, it means all goods is directly to the site. At beginning, just 11% is going to the ccc. But now I say that we must have more consolidating distributions, so from eleven percent to 40% for this delivery mode there. So that the direct transport to decide this should be the reduce to sixty percent new models. We have improve the environmental progress. This is because, we have increase the charging fee (fine) for the directly delivery. The fee for the entering gates was before one 190 SEK, now with 350 SEK drive inside. I switch the model for the economic model. So it's free for distribution from the center into the site. The fees we only charge is the materials that are storing in our facility. It reduced travel miles, reduce the emissions, because less traffic moves in. we also use the HVO vehicle for the distribution. We have 100% HVO, It reduce 100% emission.
Do you have the exact figures about the environmental progress?
NO. 
Some supporting measures are already been taken. (in order to promote) the “a consolidator validation”. We have a policy that you can't store it on the site or around the buildings. you can just store inside your building. But it's free here for five days (to store in the UCC) but before is fourteen days. but now it's just five days. Ok, so we did, um, so here, because he free storage fourteen days. But now it's three days, fifteen days passed it different because from the fifteen, it was high. 
What was the size of this facility?
Two thousand two hundred square meters. The main sources of the incomes are from the gate (fine of directly delivery) and goods storage in the UCC. We use the number to rank the usage rate of the storage. Currently it is 3, in the future it will be 6 or 7. If less goods are stored, the operational cost will be lower. The expected fees for the full-utilisation of warehouse is the 445SEK/M2, however, the real expense on the warehouse operation is 220SEK/M2. 
Why do you set up so large size of the facility? Some of the investment seems not well utilised.
According to our estimating, the final consolidated delivery will be 80% of the delivery into the site. Warehouse size is not a problem. Many of the empty spaces is prepared for the goods increasing. Goods and deliveries will increase because this site will expand.
Goods handled per full-time equivalent employee
The consulting company manage the operation of the UCC. I don’t know the details about this.
Delivery accurate rate
From the report, I know they are always damaged goods they delivery. This problem is caused by goods sorting in the warehouse, some kinds of materials are easy to be damaged. I know Fthis issue, (construction) companies have reported this issue to me. I have required the UCC (manager) to reduce the damage. It is their responsibility. We will pay for the risk of damage caused by UCC.

Lead Time for Goods Delivery from UCC to its Users
We replace the logistics providers, currently, the lead time reduced from 12 hours to less than 8 hours, and morning arrived goods can be delivered in the same day. Reduce the delivery lead time is the changes for the UCC users. All the companies can feel that the service quality of the UCC are improved

Truck Loading Rate
I don’t know how they use these trucks; I have no data about the truck loading rate. The loading rate of the trucks delivery from UCC to users will be higher than the direct delivery.
Travel Miles in Urban Areas
The royal seaport is a new developing zone in Stockholm, it is not in the city centre. So the travel time in the city centre is not accurate to this project. I think the travel miles in the royal seaport has decreased.
Do you have the exact figures?
No
Do you know Number of Delivery Trips per day?
I don’t have the figures.
Trucks are not allowed to unload the goods through the On-street parking in the zone of royal seaport to avoid the safety issues. There is no on-street happening in the royal seaport.
Total Travel Time in the city center
The royal seaport is a new developing zone for Stockholm, it is not in the city area. So the travel time in the city Centre is not accurate to this project. the travel time is short in this zone. Because it only has less 5KM2 zones to be deliver. 
Time for On-street Parking 
Trucks are not allowed to unloading the goods through the On-street parking in the zone of royal seaport to avoid the safety issues. there is no on-street happening in the royal seaport.
Interview with UCC Operator
What is your job title？
I represent a consultant organization that are hired from Stockholm stad in this case. In my organization, we do not drive the trucks. That’s another one. We are one hundred percent, the consultant organization for logistics consultant. We are set to manage the whole operation of these things. So, we work as the manager. We are the manager of all these.
These indicators are used to evaluate the performance, please select the relevant indicators that applies to organizations？
Annual operating cost
We do not concentrate on the operating cost. The operating cost is already confirmed in the bidding process. In the bidding process, Stockholm stad set the price list. They agree with the bidding price provide by the companies. The operating costs depends only on the volumes of deliveries. If it is a lot of deliveries, the cost will be higher. If less deliveries a year, the operating cost will be a bit less. This indicator is actually not some something really relevant for our operation.
Delivery accurate rate
I think, delivery accuracy rate is really really important. Many of the materials are damaged here before. So we want to reduce this. Because all the construction companies, if they will use like the ucc. we need to have a really really high accuracy rate, but we can't damage the goods.  I think here we was doing very poorly. And So much damage is about this. Now. I don't think we have a lot of damage is here and right now. 
Do you know the damage rate? 
We haven't. We just starting to implement this. So we are in the new organization. We do poorly in this case before, we have no figures yet. we will start to, because from here and this is the newest report, it mentioned to reduce the lost damage. Damage are very normal in this facility. I don't know the exact figures. we don’t have a lot of damage now. We have done many works to improve it.
Lead-time 
This is a really important indicator and lead time for goods delivery from UCC to the users also something that we will follow up. There in this new organization, we have shorten the lead time.  IT was about twelve hours in working days. If it arrived in the day one afternoon, and goods will be delivered in the morning in the next day. But now it's a little shorter in the new organizations. So if something will arrive here before seven thirty the goods will be delivered the same day. The lead time for morning deliveries is shorter than in the old organization. If something arrive before seven thirty, or before nine o'clock, other goods will be delivered in the next day. But now if it is a delivery comes in the morning, it will be delivered the same day. So the lead time is a little bit shorter, but this is really important.
Truck loading Rate
Truck loading rate is very important. 
Do you have the exactly figures about this? 
Yes. not exactly, but I think it's around sixty percent. What we measure is the number of vehicles that comes to the UCC, compared to the number of trucks that we drive away to the building construction sites. If we have four trucks coming here and we have one truck out. It means that is seventy five percent (reduction). Our work is to increase the truck loading, we merge more goods in one delivery. (so) we can deliver more goods in each trip. (Therefore,) we can deliver more goods in a day. So that is, what's important with this, indicator is that it tells us how many tracks that we can take away from the streets. 
Alternative Vehicles
Do you know the how many eco-friendly trucks are equipped?
I think they have one hundred percent of the trucks here it is driven by fossil free. It is called HVO. This is environmental friendly, also diesel and no fossil, but still emissions, I think it is one hundred percent fossil free but they have other emissions, no carbon dioxide.
Because we have already equipped these green trucks, I do not think we should put more attention in this. My idea is to focus on the way of using these trucks.
Travel miles Reduction
Actually not really in this UCC. Because the UCC is here. And the construction site you can see it's almost near us. If we have twelve kilometres from the UCC to the construction sites, we will have a significant amount of kilometres that we can save. But here, we don't save so much. But in other cities, travel miles in urban areas is really important. 
Time for on-street parking
All the trucks should be drive inside their building area, it is a critical policy, they can't car park here so they can park outside here. Until now, there is a lot of groups are used directly delivery (by themselves) and they are not allowed to parking in there on the street. It's really important. That is why we need to have this booking system for transport. Because inside the building area on inside the gates, we have maybe ten construction sites on the same time on the same spot. And if the trucks can enter the building areas as they want, and they can stay, they can they can park inside the construction areas and take a sleep or we will have it. We will have a traffic disaster inside the construction sites. 
So, it's not allowed to go inside and park the car and the truck inside. So in the system that we will implement supplier or the construction company need to book a time slot, for example, nine o'clock to ten o'clock. And on this time slot, we will receive windows or doors from a supplier. And if the supplier will come to the gate at nine o'clock. And he entered the code, ah, they were open and move. And lf it is coming six o'clock in the morning and enter the code again, that's door will not open. So that is how we try to secure the driveability inside this area.
Infrastructure Surface Usage Rate 
Now we only focusing on quality of indicators, environmental indicators. We are not focusing on the other economic indicators. because it's already was taken care of here (by other companies). Now, this report have some figures inside. We only handled 50 percent (total) deliveries each day, trucks delivery all side. Our warehouse is not fully in use. Many spaces are empty. The materials (are) storage(ing) in the warehouse are less than our plan, we don’t have a large numbers of delivery each day. We just focusing on the quality improvement and environment. 
Goods handled per full-time equivalent employee
How many workers are employed in this UCC? 
I think it's around twelve, thirteen, to thirty, including the warehouse and the drivers and around I don't have an exact figure because it's a little bit too new for me. 
The issue is because we don't have the full organization yet. In August, everyone in the new organization will be on place. But right now we are in the lack of staffs, We don’t have enough workers during the vacation, we have a long holiday in summer, many workers will leave for a holiday. We need workers in summer. Some delivery will delay, it’s a challenge for our management. they will arrive after the vacations. So some people right now is working a little bit too hard. 
Interview with UCC Executives
UCC Executive does not understand the meaning of the sustainable urban logistics (SUL). After being explained the definitions of the sustainable urban logistics. the interviewee stresses the economic achievement of this UCC facility to the Company A and the other users. The interviewee also illustrates some kind of exploration of the UCC in environmental dimensions. Lastly, the interviewee explains many issues in the UCC operations based on the concept of the SUL.
The main purpose of the UCC is to help “Company A” reduce its logistics cost, and increasing the logistics efficiency along with goods sorting, shipping and delivery process. So far, the “Company A” does not give UCC any requirements on the environmental and Social progress. Interviewee stress that, he understands the governments’ policy for environmental and social dimension, however this policy does not give any details to guide UCC to achieve the environment benefit, meanwhile, there is no inspection from government to check whether UCC has taken any measures to improve the environmental issues.
The interviewee does not think the UCC model could help solve the environmental and social issues under the current status of the Chinese logistics industry. 
[bookmark: _Toc514947679]The Role of the UCC Executive.
The UCC Executive manage the daily operating work. From the interview, we understand the interviewee manages the following departments of the UCC: information department, financial department, warehouse department, distribution department, staff supply department and equipment maintaining department and security department. The interviewee’s responsibility is to keep the high efficiency running of the UCC facility. Meanwhile, control the annual cost of the UCC. Furthermore, the UCC executive should maintain the Company A’s communicating channel with different UCC users and customers. Interviewees should help them solve the practical issues during the logistics process. UCC Executive must prevent the occurrence of the different accident, such as staff casualties, fire accident, road accident, and huge goods damages. Interviewee should opportunely receive the government’s regulation and policy, and inform this information to all of the UCC staff to avoid the conflict between UCC operating model and policy requirement. 
Issues Complaint from UCC Executive
All employed third-party logistics are not dedicated for the medical logistics, their service quality is low. These companies’ logistics equipment is primitive (for example, many companies do not have forklift for pallet in their truck, so the staffs have to unload the cargos by their shoulders); Sometimes, the containers of truck is dirty, which cannot meet the sanitary conditions of the medical transportation; The staff of these third-party logistics companies always ignore the operation manual of the medical logistics. These issues are very easily leads to the parcel damage as well as the time-delay of the delivery.
The business strategy of the Company A will changes in the future. Company A will open new self-operating pharmacy in some satellite cities (the cities located within 100KM) around Wuhan. Although new UCC facility is still being planning, the interviewee stress that there are many issues (such as land price, logistics equipment, staff training) will postponed the constructions of the new UCC facility. The Company A hopes this UCC can allocate more sources for inter-city distribution. Currently, the delivery capacity of this UCC has almost reached saturation point. Therefore, Company A has to stop the cooperation with some of the wholesales companies to set aside more trucks and platform for the new business. It leads to the quantities of goods for the city consolidation delivery will be reduced in the future.
Government's freight policy restricts efficiency of city distribution. Interviewee hopes the government can give moderately policy on medicine transportation. He gives an example, the transportation policy in Wuhan does not allow the vehicles for on-street parking (on street stop will be punished 100RMB). So trucks should to find the parking areas and empty pedestrian lanes for short-time stop to unloading the cargo. because of many medicines should be stored in the constant temperature. Sometimes it is very hard to find an empty nearing parking area around the Pharmacy store, which will cause the deterioration of the medicine in the summer.
The interviewee has been working in the logistics department of company A for 17 years. he became the executives of this UCC since 2015. The interviewee understands all of the details of the logistics process. He thinks all of the selected economic indicators are relevant with the UCC’s daily operation.
Interviewee thinks the “Annual Operating Cost (AOC)” is very important from his consideration. The company requires the UCC to reduce the 5% AOC in the next three years. interviewee thinks it is a very heavy and hard task for his job. The interviewee lists the following measures to reduce the AOC, (1) choosing new materials suppliers whom has lower price for all equipment of the UCC, such as packages, pallets, and trolley. (2) Reduce the number of staffs of the non-core department such as the security department. (3) Trying to reduce the cost for the inventory management, such as reduce the frequencies of the inventory replenishment. (4) trying to reduce the maintaining fees for goods storage, such as energy-save strategy. (5) Reducing the goods damage in all of logistics process. Interviewee stress that, this target is to difficulty to achieve, because the quantities for cargo shipping through this UCC is increasing month by month, which leads to an increasing utilisation for workers, materials and equipment. will    Interviewee stress that the current status of the AOC is acceptable for the Company A.
The interviewee does not know the details of the “Annual Revenues”. All of the income of this UCC (such as the using fees from other wholesalers) will be directly paid to the company A. The company A thinks the using fee is an important sources of income. The interviewee explained that (because of) company A has built many UCCs in other provinces. The business strategy from company A is to attract more numbers of users for the UCC. Now, the total using fee for other companies paid to the company A is significant. For himself, interviewee does not know how much this UCC earned every year. 
“Typical Delivery Price” interviewee stress that, company does not public any details of the typical delivery price of this UCC, because it includes sensitive data will cause the legal issues. (When we have discussed the using fee from the other users.) The interviewee says: if any wholesaler rent a warehouse, employ the fleet for the delivery. The total cost will be much lower than the fees they paid for this UCC. However, (Interviewee says) this UCC is dedicated the medical logistics, it has the professional workers for the medical logistics; it has dedicated logistics equipment and efficient inventory management. This will reduce the cost for the logistics management for all of the other users. Based on the inventory sharing system, the other wholesalers do not need to keep expensive stock for the medicine. The other users will reduce the lead time of the delivery. Interviewee has asked one of his friend whom working in another wholesaler. In this private conversation: (his friend stress that) comparing with implement medical logistics by themselves, this UCC system helps the wholesaler reduce 25% of the annual logistics cost.
Interviewee stress that, “Infrastructure Surface Usage Rate” and “Goods Handled per Full-Time Equivalent Employee” is normal in the warehouse before building this UCC. Now this UCC equipped the Automated Storage and Retrieval System (AS/RS) the efficiency. The seven levels of inventory cells can storage four times the total amount of goods than traditional warehouse. All of Automatic equipment reduces 50% of the workers working in the warehouse. The AS/RS. Order’s information can be tracked, for example: where products are stocked, which suppliers they come from, and the length of time they are stored. Furthermore, by analysing such data, companies can control inventory levels.  This system helps UCC gives the quickest response to all of the orders, the times for goods sorting and preparing can be reduced to at least 1 hour.  The AS/RS system is the basis for efficient operating of this UCC. Since the AS/RS helps the UCC performance excellent in the indicators of “Infrastructure Surface Usage Rate” and “Goods Handled per Full-Time Equivalent Employee”, their efficiency cannot be improved and will not be reduced as well. So for the interviewee, these two indicators are not as important as the rest of the economic indicators.
The interviewee does not understand the meaning of the “Delivery Accuracy Rate” at the begining. After I explain the meaning to the interviewee, he describes this indicator from two perspectives:
(on-time delivery perspective) UCC can achieved 100% on-time delivery as the requirement from the order. On-time delivery is very important to evaluate the performance of this UCC. Further, UCC can also provide the emergency delivery for the hospital. This helps the UCC generate good relationship with the customers. 100% On-time delivery is the main reason that customers willing to make order from company A. Government also gives the policy support for the trucks for medical logistics, such as, they give the license to ensure the trucks can use any road and moving into urban area in anytime. 
(goods damage rate perspective), reduce the goods damage rate is very important for this company. in the early stage the 3PL companies and self-employed drivers generates the highest goods damage rates during in the goods delivery stage. The reasons are (i) they do not have equipment; (ii) they are not following the instruction manual; (iii) their staff does not care about the conditions of the medicine. So the UCC does not allocated fragile package to the 3PL companies and self-employed drivers for the delivery. The goods damage rate is low in the delivery process. Now the most seriously good damage happens in the goods sorting process. medicine with fragile shells are easily broken in this process, because of the AS/RS cannot treat fragile package well.  
During the order signing process, different customers has different attitudes for the goods damage. For example, hospital will reject the medicine even if its outside-layer package is dirty. Pharmacy requires the shell of the medicine should clean and not been squeezed.  Personal customers sometimes accept the medicine with package squeezed. It is very hard to define what the real concept of goods damage is. 
“Lead Time for Goods Delivery from UCC to its Users” interviewee illustrates that UCC’s lead time to preparing the goods is 1 hours. And they have to stay in the corridor to waiting for the loading platform and delivery trucks. waiting time cost at least 1 hours. The high priority orders will not be waiting long and they can be delivered over the low-priority customers of which are waiting in front. 
(interviewee stress) The significant advantage of this UCC system is changes the delivery models. All cargos can be shipped from the UCC to the customers in the urban areas. it reduces the total shipping time from 36 hours to 6 hours in average. This is the core competitiveness of this UCC system.
Interviewee thinks these four indicators can represent the environmental performance of the UCC. He illustrates that UCC performs bad in above indicators. And gives the following reasons.
For the “Percentage of the Alternative Vehicles”, there is zero alternative vehicles (electrical vehicles, gas engineering vehicles and Hydrogen) used in this UCC. Company A has evaluated the performance of the electrical vehicles through an experiment in the medium size city. (In the annual conference, Company A reports the conclusions from this experiment.): (i) The battery endurance cannot support the normally delivery in all mega cities (Wuhan is a mega city) the reason is that: each vehicle must travel more than 100KM for the urban delivery in Wuhan. Currently, no freight vehicles can successfully complete this task. The containers of the vehicles always run on the air-conditioner to keep cool of the medicine, the EV cannot support sufficient to the air-conditioner. (ii) in current status, it is very hard to find the supporting facilities for the power charging of the EV in the city, furthermore, the charging time always cost 2 hours. All of the delivery cannot be waiting for such a long time. (iii) from their experiment, the entire cost (fees for buying vehicles, training staff, and daily expense) for the EV to complete the same quantities of the goods delivery about 2 times than using a fuel-engineering-vehicle. Key Reasons: (The interviewee illustrates the utilisations of the freight vehicles) when the UCC buys new vehicles, UCC will modify these vehicles to extend the width, length and height of the containers. They will make some improvement for the chassis to make it safe to carry this modified container. These modified vehicles can carry 5 times than the maximise load of the original vehicles (if the maximise loading rate of original vehicle is 2 tons, the modified vehicle can carry 10 tons). So that this UCC can using less vehicles to carry the goods as much as possible. This action can help the UCC reduces the vehicle buying cost and delivery cost, even help the reduce the tax payment. When using the electrical vehicles, UCC cannot doing this anymore, because of the battery cannot carry more quantities of goods that than the maximised loading rates. Meanwhile, it is more complicate to modify the EV than the traditional vehicles.
Interviewee does not give any comment on the “Truck Loading Rate”. During the interviewee’s introduction to the UCC, we can understand the following facts: (1) the total quantity of goods for daily delivery is very large, so all vehicles are fully loaded. (2) UCC staff does not care about the weight restriction of the vehicles, all of the staff will load the goods as much as possible to fill the entire space of the containers. (3) (in the private conversation with the driver) the drivers think the overloading vehicle is safe, it is very normal to see the truck overloading in the Chinese freight transportation industry. 
Interviewee thinks the “Travel Miles in Urban Areas” link with the fossil fuel consumption. The interviewee think the information centre will plan the delivery routing for the drivers, the pre-planed routing is the shortest. However, drivers can choose the routing by themselves, because of a lot of uncertainties to affect driver’s choice, such as the traffic congestion, road maintaining. All of the goods will be delivery according to the time-windows requirement.
Number of Delivery Trips per Day, normally there are average 60 delivery trips implemented by UCC’s full-time drivers for the city delivery. Each delivery trip cost 5-6 hours. (we discussed whether it can be reduced). Delivery trips varies day by day, it depends on the order numbers and the exactly time the orders made. Comparing with last year, there are 15% increasing with daily delivery. For the environmental issues, this increase the fuel consumption, however, for the company A, this means the business is excellent.
For “Public Financial Investment”, interviewees stress that, they get many policy supports from city councils, such as anytime entry license of the city. interviewee illustrates that this policy support is not for this UCC, but for the medicines. Government does not have any sense that consolidating delivery models can be benefit for the city environment. For the financial support, interviewee says they get the discount for the land prices of this UCC, these is not mean government hopes to support this facility. Land price discount is because this UCC will contribute to the city tax and provide large numbers of job opportunities. The interviewee says: UCC does get the support the government, however, there are not any dedicated financial or policy incentives in this UCC’s business.
An attractive “Average Staff Salary” can helps the UCC employed sufficient staffs (especially, the experience drivers) for the UCC to alleviates the risk of the labour shortage. Besides the salary, Company A follows the models from stated-owned companies, UCC operates the canteen (24 hours with 365 days) to provides free foods as well as provides free accommodations includes power and water bills for all the full-time workers. Because the location of the UCC is far away from the urban areas. there is no the restaurant near the facility, and very limited public transportations to convey the staff from their home to this working place. This measures can make the staff easily access their works. From interviewees estimates, UCC gives at least 25% percent higher than other logistics companies.
Interviewee understands UCC’s staffs (especially, the staffs in the distribution department) suffers from the “Worker’s Overtime Utilisation”. The interviewee stress that, staffs overtime utilisation is a common phenomenon for all of logistics companies we have large quantities of orders to be delivered from this UCC according the requirement from customers. Interviewee thinks that, to a certain extent, staffs can benefit from the overtime working, because they can earn more money from the overtime working. High frequency overtime working is illegal for the government, but no staff will report this to the media or government. Because, for all staffs, getting a high salary job is more important than getting a comfortable job. Interviewees all the managers are suffers the overtime utilisation as normal workers. even for himself, normally, work 7 days in a week.
“Workers Commute Time” is very important for this UCC. Because this UCC is far away from city. Full-time workers whom does not have private cars can live in the UCC’s accommodation to reduce the commute time from the city to the UCC. This strategy makes it easier for this UCC to hire workers, especially the newly graduated employees. The accommodation is only 10 minutes’ walkers distance from the UCC facility, which is much less than the commute time that people working in the city center. Interviewee knows that reduce the commute time can promote the workers’ daily working efficiency. Interviewee thinks staffs waste time in the urban areas will makes the workers tired in the job, normally workers must be wake up very early if they travel from city through public transportation.
Normally, each delivery will cost around six hours which includes: the time of vehicles travel on the road and goods unloading in each customers. Interviewee illustrates reduce the travel time in the city is very important for government to reduces the numbers of truck in the city area. Reducing the travel time do promote the social benefits for the city. But for this UCC, we can do nothing to reduce. Normally, each vehicle will be allocated six or seven customers in each delivery, Sometimes, one trucks will delivery for only one customers when large quantities of medicines orders from this customer. Travel Time will be much less when meeting this occasion. So, the travel time is associated with the goods quantities. 
Freight vehicle’s on-street parking is illegal in Wuhan, and even a short time on-stress parking for goods unloading is forbidden. On-street parking is very easily being found out by government, because all of the roads in the city are covered by the public webcams. So drivers have to find an empty parking areas or pedestrian’s lane (short-time parking in the pedestrian’s lane is allowed in Wuhan). (For customers like hospital, they already have the parking zones for the freight transportation. But for pharmacy in the city, most of them does not have parking areas.) interviewee thinks there is no freight on-street parking in Wuhan. Because of the penalty is very expensive. 
Interview with the Head of Warehouse department
Summarise of the Interview
The interviewee is the head of the warehouse department and she does not know the details of the sustainable urban logistics. After being explained by the definition of the SUL, the interviewee gives some examples to show what they have done for environmental and social progress. The interviewee stress that the warehouse department performing excellent in economic indicators. The basic targets of the warehouse department are safely keeping all of the medicines as well as preparing accurate category and quantities of goods for the orders.
The interviewee explains the details of daily work of this department. For the interviewee, the SUL is simply narrow into area of reducing the waste and fuel consumption of the warehouse. Finally, the interviewee gives the explanations of the UCC’s performance on each indicators. 
The Role of the Warehouse Department in the UCC.
Warehouse department is the core department of this UCC, which occupies the largest part of the annual expense of the UCC. The interviewee illustrates that the warehouse department receives the order details (including customer types, goods quantities, goods category, destination) from the information centre of the company A. All the goods will be sorted and collected from the cargo location through the ASS. Then goods will be dispatched and sent to the logistics corridor to waiting for the delivery. The information of these goods will transfer to the distribution department. 
Another main function of the warehouse department is the inventory management. It checks the quantities of the inventory and replenishing medicine on-time. This department deals with the quality and quantities inspections when inventories entering the warehouse. This department must unfold the error information of these goods, collecting evidence of this information, then reporting the information of goods damage to the manufacture companies.
This department will provide the software supporting service for all of the UCC users.  For example, warehouse department will regularly check the wholesalers’ information interface. Unifying the logistics information among the Company A and other wholesales to reduce the mistakes of the logistics process.
Issues Complaint from the Warehouse Department
Because the ASS system cannot distinguish normal package medicine and fragile medicine, goods collecting and goods sorting process generates high risk of the goods damage. The quantities of goods damage are extremely high for the UCC. The contract requires company A to take full responsibility on this cost, and pay for the lost for the other wholesalers. Currently, no insurance company want to cover this lost business. The total value of this goods damage is around 800000RMB (88000GBP) each year. there is no effective way to solve it until now. 
The transporting ability of distribution department cannot match the goods shipping ability of warehouse department. When orders numbers increasing, the disptached goods will be backlog in the logistics corridor waiting for the out of delivery. The seriously circumstance is the goods maximise the corridor, which lead to the stopping of the warehouse department. This issue will be alleviated when new UCC facility are built in the future. 
In this department, all of the measures for environmental and social benefit are aiming at coping with the government inspection rather than promote the business of company. Both company A and UCC do not focus on these kinds of measurement. Normally, these measures will not continue after inspection completed. For example, the workers think package recycling will delay the time for goods handling. Workers have no awareness on the packages recycling, they will destroy the package and take out the item instead of carefully opening the package and putting it back to the collection point when the package is used up. Furthermore, Company A does not think package recycle policy will significantly reduce the cost for the UCC.
Opinions from the Head of Warehouse Department.
The interviewee has10 years working experience in the company A, her original job is in the sales department. Company A assigned her to manage the warehouse department from 2016. (Interviewee illustrates that) she does not very familiar with the technology and equipment in the warehouse, when any issues around the technology and equipment appearing, she will arrange the engineering group to solve them. he current work is to communicating with the UCC users and the customers (Customers always make phone call with her to make orders rather than through the staff from sales department in company A. the interviewee says most of the emergency orders are directly called from warehouse department to reduce the waiting time for order process in company A).  Another work is to coordinating with other UCC users, such as managing the inventors and arrange the storage place for them. 
Interviewee illustrates that her daily work manages the invoices of the expenses of the warehouse department, she says the expense generated by materials consumption, equipment repairing and maintaining, and the largest part is the fuel consumption especially from electricity fees. She says comparing with the AS/RS system, the temperature and humid control systems lead to the largest part of the expense.  The total expense various depending the order quantities. It is very difficult to reduce the expense.
 (I asked her opinion to the requirement of 5% reduction from the Company A): she stress that, they tried some measures, such as energy-saving for the air-conditioner utilisation. but she does not think these measures will work well. 
The interviewee thinks the indicator “Annual Revenues” not relevant to the warehouse department. She does not know the details of the annual revenues of this UCC. But she thinks for the Company A and the entire UCC facility it is very important.
“Typical Delivery Price” from her personal view, this UCC charges more fees than the normal logistics companies for the UCC users. But they provide the professional service for all of the users. Her thinks: because UCC provides the dedicated medical logistics service, so price charging is not the key factors to influence whether the users will use this UCC facility; for all the users the logistics service of this UCC is above the payment’ worth. 
Interviewee thinks these two indicators: “Infrastructure Surface Usage Rate” and “Goods Handled per Full-Time Equivalent Employee” represent the “goods sorting ability” of the UCC. (She thinks) UCC performance very good in the goods sorting process. she thinks this UCC is the best one in Wuhan city for medical logistics. it has the powerful ability to dispatch the goods for all of the orders in the shortest time. 
(I asked her do you thinks is there any point need to be improved for the efficiency of this warehouse) she says there is no place need to be improved, current status of this warehouse is very good.  This have place has efficient storage place for all of the goods. 
The devices in UCC are automatically controlled, if the device is broken, the efficiency is 0; normally, the equipment are working well, the efficiency will not be changed (increase or reduce) its efficiency. 
(I asked her opinion for the new building facility) she says the new building facility is the preparation for the future development of company A. Until now, this warehouse has never been fully used to storage goods, the current usage capacity for the storage is occupies around 70% of max capacity. 
“Delivery Accuracy Rate” (We discussed the goods damage rates generates from AS/RS). The interviewee does not think this will influence the delivery accuracy rate for consumers, all of the broken medicines will be changed immediately. Department will report the details of the damages to the Company A. She thinks this damage will lead to the profit loss of company A, Company A wish the warehouse department to alleviate this problems, but not forced, there is no any specific requirement from the company A to reduce the damage rate in the UCC. 
Interviewee says they are concerns more about how to dispatch the orders (in the quickest way) for on-time delivery. Warehouse department must guarantee all of the medical inventory is sufficient. The occasion of “out of stock” is not permitted by company A, because this will influence the relationship between the Company A and the customers, especially the hospital.  The interviewee gives an example: one of the hospital orders the medicine at 9 PM online, but there is no stock of this medicine in UCC, so the Company A arranges the medicine from other province, and the delivery has delayed about 4 hours. This is the seriously business mistakes for this warehouse department from the perspective of Company A. 
“Lead Time for Goods Delivery from UCC to its Users” the interviewee says this warehouse will dispatch the goods in 1hour since they receive the orders’ information from information centre. the time of the parcel delivering will according to customers’ time-windows requirement. This department is not responsible for the delivery process. she understands that this indicator is very important to the UCC and company A.
The interviewee thinks all of the selected are relevant with the distribution department, but not relevant with the warehouse department. Her opinions, environmental indicators relevant with the warehouse operation are, electrical power consumption, materials utilisation, waste recycling. (private opinions) she thinks the warehouse department performs bad in the environmental dimensions. There is no regulation (both from government and the company A) requires the staff must consider environmental effects during the logistics process.
Interviewee thinks using the EV will benefit the environment of the city. Interviewee does not know the issues of the EV utilisation in the UCC delivery network. Her opinions the company A does not purchase the EV, means it is not suitable for the company’s business.
Interviewee knows the trucks of the UCCs are always overloading. But she thinks this is not a seriously issues. There are no accidents generated by the truck overloading.
Interviewee knows the UCC has the information centres to plan the delivery routing to minimise “Travel Miles in Urban Areas”. She knows the “Number of Delivery Trips per Day” for the UCC is 60 per day, and each vehicle will be utilised two times. She thinks it is more relevant with distribution department. He thinks these two indicators is more important than the EV.
Interviewees think there is no any financial support from government, so the public financial support is not important in the UCC.
Interviewee just come from the Company A, she is not understanding the salaries of workers in the department. She is not responsible to manage the workers’ salary.
Interviewee illustrates that, workers’ overtime utilisation is not seriously in this department, because the automatic equipment helps reducing the labour utilisation. Workers in this department is three shift. Each shift can be leave on-time. but interviewee knows that all the distribution department is suffers the highly overtime-utilisation.
Interviewee knows most of the workers in this department are living in the UCC’s accommodation, so she thinks “Workers Commute Time” is very short. Interviewees think staffs are very convenient from their accommodations to this building.
Interviewee does not give any comment on the indicators of “Total Travel time in City Centre”and “Time for On-street Parking”

Interview with the Head of the Distribution Department
Summarise of the Interview
The head of the distribution department does not understand the definition of the SUL. After explaining the meaning of the SUL, the interviewee clarifies the details of daily work based on the listed indicators.  The principle of this department is to deliver the goods to the final destinations in accurate time, without damage and accident. Meanwhile, department will take full responsibility for penalty for the violating traffic rules. The interviewee lists the environmental achievement in the delivery process. 
Interviewee stress that the distribution department has the most number of subdivisions in the UCC, it includes (1) division for order processing, (2) division for goods shipping (3) division for delivery, (4) division for outsourcing management, (5) division for customer service and (6) division for finance. These different subdivisions deal with various business respectively. Furthermore, outsource division is managing many 3PL logistics companies and self-employed drivers and workers. The above status lead to the difficulties of the department management as well as increasing the unpredictable risk of the logistics process.
The Role of the Distribution Department in the UCC.
When the parcels and pallets are passed to the corridor from the warehouse department, the order processing divisions will arrange the trucks and loading platform for these parcels according to their destinations. Meanwhile, this division will plan the delivery routing based on the customer’s priority and the time-windows requirement. 
The shipping division will transfer goods from the corridor to the container through the platform according to the Kanban information. Some packages will be re-stowage in this process, because they have to reassign the pallets in line with the arranged trucks. 
Delivery division will ship the parcels to the customers, they are also responsible for recording of the information of the goods damage, error in goods categories and quantities they get during the goods receiving process. After that they will carry back the damaged and the wrong categories of goods to the UCC. Besides that, for some “paid on delivery” (C.O.D) orders, they will receive the money from the customers.
When the drivers get back to the UCC, they will pass all of the delivery records (e.g. receipt, error reporting sheet) to the customer’s services division. This division will decide whether completing the orders or arrange redelivery work for customers as the situation dictates.
The damaged goods or categories error goods will be unloading by the shipping division and move to the zones for damaged goods for the further processing. Money from the C.O.D orders will be handed to the financial division by the drivers.
When UCC’s fleet cannot deal with the total quantities of goods delivery. The outsourcing management division will hire more vehicles from the third-party logistics companies and self-employed drivers for the daily delivery. After they finished the work, they will get the wages from the financial division on daily business.
 Issues Complaint from Distribution Department
The current business situation is beyond the original consideration of the UCC facility. The original functions of the UCC is only service for the pharmacy and hospital in Wuhan city. Now, seven other wholesalers are using this UCC for city delivery; and the company A set up self-operating pharmacy in recent five years; UCC start to service for the inter-city orders. Therefore, the numbers of loading platform cannot deal with the increased quantities ordering during the peak time, which lead to the packages must wait in the corridor for the goods loading.
It is very hard to choose high quality 3PL logistics companies and self-employed drivers for the city delivery. Some reasons are the same as details explained by the UCC Executive. Furthermore, because of the 3PL logistics and self-employed drivers usually generates goods damage, UCC only arranged limited types of the packages to the them. When large quantities of goods are ordered, the transporting capability is insufficient as ever. It is hard to control the quality of 3PL and self-employed drivers, because there are no written contracts between the UCC with them. Lastly, government requirement for contract of labour (This requirement are based on particular Chinese cultural background) leads to the difficult to punish them when customers make the complaint for the bad service quality. 
Distribution department is the busiest department in the UCC. The staffs in all subdivision are suffers from the daily overworking. For example, Drivers must work at least 12 hours in working day for the urban delivery. Although the company has taken some measures to alleviate the fatigue of the workers, the company has not hired more people for this department. So, there is a high turnover rate for the experienced staff in this department.
Opinions from the Head of Distribution Department.
The interviewee has worked in the logistics department of the company A in ten years. He has five years working experience in the warehouse department and became the head of the distribution department since 2016. He understands the details of the logistics process in terms of the goods sorting, shipping and delivery. He has managed the engineering team in the warehouse department.  He cleanly understand the function of the devices and equipment. 
(I asked what the difference between the two departments are). He stress that there is a lot of work need to do in the distribution department. Although it takes a lot time to complete the tasks, no things are hard or complicated. As the head of the distribution department, building a closely interpersonal relationship with the team leaders of the subdivision can ensure each division could quickest response to his orders. It is very important to improve the efficient of this department. 
(I asked the relationship between this department and the outsource 3PL companies and self-employed driver) the interviewee says. This department needs them, there is at most they deliver 40% of the parcels in the peak time. In each day, they are shipped 20% of the total parcels. (I talked about the issues of the 3PL companies and self-employed drivers referred by the UCC executives) interviewees says that, our truck is sufficient; the real problem is there is no enough drivers. (i) Hiring full-time drivers will increase the cost of the UCC，so company A will not doing this. (ii) It is hard to control the service quality of the external drivers because there is no written contracts with them. However, UCC will also not responsible for their bad behaviour such as over-loading rate and traffic offence; they also has no max-working time restriction, so these external drivers is very effective. From his view, one driver from 3PL companies can carriers three times of total goods than a UCC employed driver in each day; there is no inspection on their business. General speaking, they are helpful. (iii) Interviewee think all of the external drivers can ship the goods well since the UCC arranges the normal parcels to them. The interviewee understand the outsource drivers has poor service emotion to the consignee. This issue is not seriously impact the relationship between the company A and customers. 
Insufficient workers in the shipping division and the numbers of platform lead to the goods waiting in the corridors. Currently, even if more workers are employed, things will not be improved. Because of the limited numbers of platform will lead truck waiting for the parcel loading. The interviewee stress that, in the peak time, insufficient number of workers lead to a lot of mistake in the cargo loading process. For example: (i) workers forget to scan the barcode, and company A cannot track the delivery information (this is not seriously issue, because when the delivery completed, company A will modify the information in the system through the receipt.) (ii) Goods will be shipped to the wrong platform. When suffering from this issue, UCC will arrange another delivery immediately to ensure all of the parcel can be delivered on time. The mistake parcels will be bring back in the end. Normally, the new arranged trucks only carrier the re-delivery parcels, which leads to the low-truck loading rates. These means the resources, such as working hours, fuels, equipment, are wasted.
(Opinions to new facility) interviewee thinks the new facility will alleviate the busy working status as well as reduce the parcel waiting time in the corridor. More numbers of trucks can be loaded in the same time, which will improve the delivery efficiency of the UCC.
“Annual Operating Cost” for this department includes the five parts: fuel consumption and wages for the external drivers, penalty from traffic offence, materials consumption and equipment maintaining fees. The opinion from the interviewee is the same as the head of warehouse department. The total expense various depending the order quantities. It is very difficult to reduce the expense.  (I asked her opinion to the requirement of 5% reduction from the Company A): she stress that, it is very hard to do that. There is an issue from the 3PL companies and self-employed drivers. UCC have to prepare large amount cash (nearly none of them accepts card payment) for the daily payment of their works. “Company A” hopes the UCC can persuade the external drivers accepted the weekly or monthly payment. However, very small group of external drivers accepted this suggestion. 
The interviewee thinks the indicator “Annual Revenues” not relevant to the distribution department. He does not know the details of the annual revenues of this UCC. But he thinks for the Company A and the entire UCC facility it is very important.
The interviewee does not know the details of the “Typical Delivery Price” the UCC charges for all of the Users.
The interviewee thinks the “Infrastructure Surface Usage Rate” is very effective from the perspectives, however, He thinks the infrastructure is not reasonable managed in this department: There is a large numbers of unoccupied vehicle every day, but the platforms are overused. He hopes all the new building facilities can be completed in the as soon as possible to solve the “goods congestion” issues in the corridors.
Interviewee thinks the “Goods Handled per Full-Time Equivalent Employee” is terrible in the distribution department. He thinks the warehouse department has the AS/RS (he explains) most part the workers in the warehouse department only need tick the mouse in front of computers to deal with the parcels. (I explains they need to replenish the parcels), the interviewee stress that there is no time requirement for the inventory replenishment, so worker is relax and not stressful in the warehouse department.  
In this department, there is no automatic equipment. All of the goods should be shipped and loaded into the trucks manually. (All of the shipping process) cost a lot of time.  However, this department must match the goods sorting capacity of warehouse department. Everyone feels tired and everyone are overtime used. He thinks “Goods Handled per Full-Time Equivalent Employee” is high, but it is based on the hardworking and overtime working of the staffs.
(Interviewee stress) The key responsibility of this department is to guarantee the 100% “Delivery Accuracy Rate” for the customers. It is very important for their performance evaluation from company A. From his estimates, the delivery accurate rates should be 99.999%. Meanwhile, there is no seriously business troubles happened since he became the head of this department.
“Lead Time for Goods Delivery from UCC to its Users” normally, each delivery in the city cost 5-6 hours, destinations will be scheduled according to the time-windows requirement from customers. All of the possible risk, such as the traffic jams, road maintaining, will considered. Information department will shows the most suitable parking place near each customers for the drivers. (interviewees thinks this system is to theoretic, because there is highly chance these listed parking areas are occupied by early arriving vehicles, drivers have to find the appropriated parking areas by themselves.)
Opinions from the Head of Distribution Department.
The interviewee thinks the selected indicators are relevant with his daily work. Interviewee gives some supplementary information for these indicators.
(After I explain all of the information I got from UCC Executive), Interviewee agree with the UCC Executives’ opinion on the EV, from his working experience, due to the technology restriction, EV is only for the taxis and buses and not good for the freight transportation. 
For the “truck loading rate”, we have a large quantities of goods should be delivered I each day. we cannot complete all of the delivery tasks using unfilled vehicles (normal-vehicles). It is a hidden-rule for truck over-loading in China, because everyone doing this. Normally, (from his opinion) the low delivery cost is come from all of the trucks are over-loading. 
(We talk about the government’s penalty for the trucks over-loading issues), government only implements random inspection for the truck over loading. Although we will be penalized when we meet this occasion, but this is not happened every day. And the penalty fee has little impact on company A’s business. Drivers and Company A will not be held criminally liable if the penalty are paid on time. All of us think the seriously level of the truck over loading is the same as the illegal-on street parking. There are no accidents happens due to the truck modification or truck overloading. (interviewee stresses that) The pennies fee for all the break of traffic rules is a large part of the annual expense of the distribution department.
(We talk about the hired third-party logistics and self-employed drivers of UCC), UCC should help them paying the penalty fees, when they meet this occasion. (interviewee thinks) it is a good method to attracts more 3PL companies and self-employed drivers to joined this delivery work. For all of the logistics organisation in Wuhan, the numbers of driver are insufficient.  The deliver efficiency will not be disrupted when many 3PL companies and self-employed drivers hopes to join this UCC. 
The information centre will plan the delivery routing for each vehicle, interviewee thinks the designed routing is the shortest, because the software calculates the result. But interviewee thinks it is useless, because software does not know the real-time traffic status, the calculation is only based on the map. Drivers are only cares about the time-windows requirement of each customer. Information centre will arrange 5-7 customers for each trucks, we estimate the delivery trip is about 6 hours, and when the drivers come back, the drivers will be having a second delivery. 
The numbers of deliver trip are close linking with the quantities of orders. The interviewees think an increasing delivery trip for company A is good, he illustrates that he knows the high delivery trips means more trucks are travelled in the urban areas. however, comparing with the entire freight vehicles in the city is the decreasing of vehicle numbers from UCC can do nothing. The interviewee thinks every company should reduce the delivery trips together, but not only from any individual company. 
Interviewees think there is no any financial support from government, so the public financial support is not important in the UCC.
The distribution department does not responsible for the salaries of the full-time workers, however, this department should pay for the 3PL companies and self-employed drivers every day. the interviewee stress that the salary for the external workers are more than that paid by normal logistics in Wuhan. Depending on the large quantities of goods to be shipped every day, the 3PL companies and self-employed driver can have a steady source of income. This UCC will also pay the traffic penalties for external workers. all of the external staffs could have the same welfare, for example, getting free food from the canteen. The interviewee thinks the respectable income for external workers can is important for the daily delivery work.
Both of the distribution department and the external workers are suffering from the seriously overtime utilization. First reason is a large numbers of goods must be delivered in each day. secondly, the Company A formulates the highly service qualification for the UCC, UCC must deliver goods on-time as the customers’ requirement. Thirdly, there is no automatic equipment are used in the goods loading process, it cost a lot of time for workers to load the goods into the truck manually. Lastly, the original design of the facilities cannot match the increasing goods delivery in recent years, this issue will be alleviated when new facility is built.
Distribution department focus much on the “Workers Commute Time” especially the driver, all the full-time drivers must sleep in the UCC’s accommodation in the night before the task (the working schedule for all of the full-time drivers is one day on and one/two day off). This internal policy aims to guarantee the drivers have good rest to reduce the risk in the working. Another reason is that drivers will suffers the over-time utilisation; this policy can alleviate the tiredness in the work.
(the interviewees agree with the opinions from the UCC Executive), The information centres will formulate the delivery routing for the drivers, Normally, the estimated “Total Travel time in City Centre” are six hours when there are multiple orders in one vehicle.  
(the interviewees agree with the opinions from the UCC Executive) Interviewee thinks drivers are trying to avoid the on-street parking when possible. However, the on-street parking always happens when there is no available place for parking. Because this department always receives the penalty tickets but not too many. The interviewee thinks the most of the deliveries will not on street parking. 
The Interview with Chair of HongChu
Summarise of the Interview
Interviewee introduces the consolidating delivery model from two perspectives: in terms of the business of the consolidating delivery and the experiment of the BDS projects. The interviewee does not understand the concept the SUL. When expressed the details of the SUL and the consolidating delivery model. the interviewee does not think the purely consolidating delivery model can solve the environmental issues in Wuhan City. But interviewee thinks the BDS project can promote the environmental benefits of the freight transportation, because the new technology can significantly reduce the travel miles and alleviate the congestion.
The Role of the Chair of HongChu
The interviewee is the major shareholder in HongChu, who is responsible for formulating the company’s strategy and business model. The interviewee is an experience manager for warehouse operation, who started to operating logistics company since 1990s. He achieves the BDS project through his personal social network. There are three main purposes for this company to participate this project: (1) Obtaining the franchise rights to operating the FIW. The FIW can promote the bargaining power of the company and help this company seize market opportunities because can know the details goods that move in the city in advance than the other city freight companies depend on the FIW; (2) The chance to cooperate with the government can enhance the social image of the company, so they can get more orders from the intercity consignors; (3) An secondary reason is the responsibility to solve the environmental issues caused by freight transportation in the city.  
Issues Complaint from Chair of HongChu
The business value of the IFW is lower than expected: (i) The numbers of shippers are will not increase because of the intercity transporters usually do not contact the urban carriers through the website any more after completing the first order. Instead, they will negotiate the contracts and public the goods information through the phones and cross-platform messaging application (e.g. WeChart and QQ). (ii) There is strong vicious competition from self-employed driver. The quotes from self-employed drivers for ordinary goods are lower than the lowest price that this company can earn. Because these self-employed drivers have low operating cost: they do not need to hire the workers; they can work at any time and are not affected by overtime; they do not pay taxes. (iii) Charge fees will lead to the potential loss of intercity shippers.  When the FIW is privatized, this company will charge the using fees from the intercity shippers (free for urban carriers). From the feedback of the survey, intercity shippers are accustomed to the free public owned website and they are not satisfied with the fees charging.
The profit margin of ordinary cargo transhipment that based on the cargo station continues to decrease in recent years. The interviewee says, the ordinary goods transhipment both in model 1 and model 2 occupies the 70% of the total goods delivery in last year, but only generates 20% of the revenues. It is estimated that the profit will be lower in this year. If this situation does not change, this company will completely abandon the transhipment business of ordinary goods, and only implement high-profit logistics business, such as cold chain logistics.
From the interviewee’s experience the BDS project will be successful, but it is very hard to promote the utilisation of BDS in the real commercial situation. the main reason is that the BDS provides unnecessary information for the users in the real delivery process. For example: drivers will not adopt the advice from the BDS system, drivers are impatient with the frequent guidance from the BDS; Shippers and Consignee will not care about the trucks’ location and goods condition in the containers. they only concentrate whether trucks can arrive on-time and without damage.
The interviewee shows the percentages of the cost and the revenues from the cold chain delivery and the ordinary goods delivery in 2017. The ordinary delivery occupies 30% of total operating cost, but only generated 20% of the revenues. Cold chain logistics is a high added-value business which occupies 60% of the total cost, however, it generated 80% of the total revenues in last year. from the interviewee’s estimation, the gross margin of the ordinary goods delivery will be continually decreasing in the future.  Conversely, the demanding from the cold chain logistics will increases. The company B will abandon all of the ordinary goods delivery step by step in the next three years. all of the new trucks brought by company B from this year will be dedicated cold chain trucks. this strategy will ensure company's profitability.
	
	Goods categories
	Percentages of total delivery
	Cost of delivery
	Revenue of total delivery

	Delivery model 1
	Ordinary goods
	35%
	20%
	5%

	
	Cold chain goods
	35%%
	40%
	40%

	Delivery model 2
	Ordinary goods
	12%
	10%
	15%

	
	Cold chain goods
	18%%
	20%
	40%


[bookmark: _Toc45356684]Table VI.1-Business details of UCC
The “Typical Delivery Price” the delivery price charges from this company for ordinary goods delivery is 50% higher than the price charged from self-employed drivers. These self-employed driver’s quote is below the lowest price this company can earn the profit. But there are still many shippers (especially big logistics companies) willing to cooperating with this company, because this company has a good reputation in the freight transportation industry. It provides reliable and high quality service. 
For the cold chain logistics, we are the same as the normal cold chain logistics companies, meanwhile this company provides free warehouse service for the short-time storage of the cold chain goods, such as fruit, meat, milk, etc. is helps this company build a close relationship with the supermarkets and convenient stores (chain store). They are the stable customers to allocate the cold chain delivery for company B. 
“Infrastructure Surface Usage Rate” “Goods Handled per Full-Time Equivalent Employee” This company rents the platforms in the cargo station. For the ordinary goods, each platform only 500M2 and deal with 15000 parcels for the city delivery each day.  The size of cold chain platform is the 500-1000M2 goods platform. Each platform deals with 25000 parcels every day.  normally company B arrange 2 workers for ordinary platform and the 4 staffs for cold chain platform.
“Delivery Accuracy Rate” the delivery accurate rate for ordinary goods is 100%, the cold chain products are 90%+, the product such as the fruit are easily damaged. But the goods damage rate is allowed by customers. Firstly, the damage rate is not high, secondly, It is very hard to identify the goods damage by the intercity transporting or by company B’s platform. 
“Lead Time for Goods Delivery from UCC to its Users” it is different from the delivery model. for the model 1 it will be 40 minutes to transfer the goods in to the trucks. for the delivery mode 2, early arrives goods should wait for other later intercity transporting goods arrives. Delivery will start when the containers are full loaded. Normally, the entire waiting time is 3 hours to merge all the cargos together. 
Interviewee believe that all kinds of electric trucks are not suitable for urban logistics in Wuhan. For the ordinary goods delivery, the electrical trucks cannot be overloading. It will lead to the carriers cannot delivery all goods on time in each day. Meanwhile, it will increase the delivery cost, so that carriers have to increase the price charge of the delivery. High delivery price will cause logistics companies to lose market competitiveness. Interviewee thinks Wuhan is a metropolitan city, electrical vehicles cannot support the daily delivery. This company has test some electrical vehicles from different brands. The power of the batteries cannot support the delivery with 50KM or more. Fast charge piles for the electrical trucks normally takes 1 to 1.5 hours. No logistics company will allow the trucks to be idle for such long periods of times
The electrical trucks cannot transport the cold chain product. Because the batteries cannot provide sufficient power for the air conditioners of the trucks. all of the cold chain trucks should be pre-cooling before the delivery. Even in these stage, the batteries will be consumed about 1/3.  
Hydrogen trucks can run longer than electrical vehicles, but they are not suitable for the ordinary goods delivery. Because of there are only 4 service station provides the hydrogen in the entire Wuhan. It is very inconvenient for the carriers to uses the hydrogen trucks. hydrogen is not suitable for cold chain transportation as well, because of the extra power requirement from the air conditioner.
“Truck Loading Rate”, using overloaded truck is a common behaviour for all of the carriers (logistics companies and self-employed drivers) in Wuhan city. In current stage, there is no standard freight price, everyone uses the low delivery price strategy to attract customers. 100%-500% cargo overloading is an important method to decrease the operating costs. From interviewee’s experience, the overloading under 500% is safe for inner city delivery. Company B requires the truck loading rates should not beyond 500%. But many self-employed drivers can overload at most to 700% of the goods. Interviewee thinks the truck loading rate is in a safety situation.
Interviewee says that the BDS project does not allow the goods overloading in the experiment. The delivery from 12 trucks lead to the profit loss during the experiment time. But government will pay the compensation for the bad impact of the delivery business. Government knows the situation of the truck overloading but no one wants to change this situation.
In the daily business, Drivers normally following the mobile navigation App, such as Baidu Map and AutoNavi. The interviewee thinks this Apps plan reasonable routing for the driver. Many experience drivers choose the routing according to their experience. Interviewee thinks these drivers’ travel behaviour is normal. Interviewee shows that no drivers will pay attention to the delivery routing. They are more care about to reduce the delivery time.
Interviewee knows the BDS project helps company reduces the travel miles. But the interviewee thinks, Although the result of the travel mile reductions is very important to the research team and government, it is not very important in this company’s business. 
In average, each platform will deliver two times each day. sometimes there are 3 or 4 delivery’s in some platform. From interviewee’s estimation, total numbers of delivery trip are at least 80. Delivery tips are depending on the quantities of goods arrives. From interviewee’s perspective, he does not hope too many delivery trips each day. Because they have to arrange trucks to the platforms for the extra deliveries.
Interviewee says that government does not invest any money on the consolidating delivey model. The money this company received from the government is the compensation for the business disruption from the BDS project. The total compensation in 2017 is 700000 RMB to recover the profit lost of the company B. but it is only a small part of the income of this UCC project. 
Besides the financial support, government provides free training for the WIF operation. This activity is benefit for this company to the website operating in the future.
“Average Staff Salary” in this company is the same as the average salary of the same jobs in other logistics companies in Wuhan City. This company provide free lunch for the drivers. Staff salary is a large part of the expense of this company.
Shift working plan is implemented in this company. Worker’s Overtime Utilization is happening every day, Otherwise, the goods cannot be delivered on time. Company will give the bonus to the drivers and the platform workers in the end of the years. The bouns amount depending on the total goods handled in the year. Workers are welcome this company’s policy, because they can earn more money. At the end of 2015, the amount of the driver’s bonus is almost equal to the amount of the annual salary. Interviewee says if the workers agree, it is not illegal to work overtime every day in China.
Workers Commute Time (We talk about the Workers Commute Time through comparing Company A and Company B). Interviewee illustrates that they can not provides the accommodation for the drivers, because company B has no money to buy the land and build the apartment. Interviewee thinks that, the UCC of the company A is located outsides the 4th elevated ring road. Their location is not easily access by the workers. But company B’s platforms are all located in the middle of the 3rd and 4th elevated ring road. Workers can easily access this place through the public transportation. All cargo platforms of company B are in different locations in Wuhan City. Most of workers are not working in the permanent place. Therefore, the accommodation is unnecessary.
Under consolidating delivery model, each delivery trip will take average 3-5 hours. The delivery time does not change much by the date. Interviewee knows that BDS project can reduce the travel times of the delivery in Wuhan city. But interviewee does not know the details.
On-street Parking is not allowed in Wuhan City. All the consignee can provide parking zones for the trucks, especially the cold chain consignees.
The Interview with Project Manager of HongChu
Summarise of the Interview
Interviewee has been worked in the HongChu for three years and he has seven years working experience in the transportation industry. His daily work in this company is scheduling management for the freight trucks, human resources as well as equipment maintaining before HongChu join this project. The interviewee is responsible for the communicating of different stakeholders in this project. When expressed the details of the SUL and the consolidating delivery model. The interviewee does not think the purely consolidating delivery model can solve the environmental issues in Wuhan City. But interviewee thinks the BDS project can promote the environmental benefits of the freight transportation, because the new technology can significantly reduce the travel miles and alleviate the congestion. 
The Role of the Project Manager of HongChu
When the experiment is conducted, the interviewee must ensure that the experiment is carried out stably from the perspectives of the equipment, trucks and human resources. He arranges the vehicles with delivery task to the researchers in WHUT as experimental sample. During the interval between experiments, interviewee should keep all the laboratory equipment in a safe condition. He must also keep the communication between the government, the university and the enterprise in normal times.
Issues Complaint from Project Manager of HongChu
No specific issues are complaints about this interviewee.
Opinions from Project Manager of HongChu
The interviewee does not understand the details “Annual Operating Cost” and “Annual Revenues”. During the daily work, Company provide the price list to the intercity shippers. Company allows the intercity shippers to negotiate the delivery price. The final transportation price cannot be lower than the minimum freight price allowed by the company B. (Interviewee knows the minimum freight price, it is a business secret, and cannot be overt)
Interviewee knows that “Typical Delivery Price” from this company for ordinary goods delivery is 30%-50% higher than the price charged from self-employed drivers. Interviewee knows freight companies has higher operating cost than the self-employed companies. But, interviewee did not participant the price setting.
The interviewee agrees with the chair’s description on the indicators of “Infrastructure Surface Usage Rate”, “Goods Handled per Full-Time Equivalent Employee”, “Delivery Accuracy Rate” and “Lead Time for Goods Delivery from UCC to its Users”. Interviewee thinks the company B has a high logistics efficiency. 
Interviewee agree with the Chair’s opinion on “Public Financial Investment”, “Total Travel time in City Centre”, “Time for On-street Parking”.
Interviewee is satisfied with the salary and the overtime utilisation. He thinks the policy of “More pay for more work.” As a manager, interviewee workers 6.5 days per week. The total working time is much more than drivers and platform workers (these workers need enough rest after the daily work). But interviewee is happy with that, he can earns more money every year.
Interviewee is working in the office of the company B, this office located in the city centre. So normally the commute time is half an hour. Company B allows drivers to drive the trucks to their home after work, if drivers think they can find parking zones near home. This policy gives a high flexibility and convenient for drivers to travel to different cargo stations in Wuhan.

The Interview with Professor of WHUT
Summarise of the Interview
Interviewee is a professor for logistics engineering in WHUT, he has been worked in the research areas of innovation of logistics equipment. Interviewee understand the concept of the sustainable urban logistics. His current research program is to solve environmental problems in logistics activities, such as reduce the emission, fuel consumption, noise generation and waste generation. The interviewee knows the details of the consolidating delivery model. He thinks the consolidating delivery model has no benefits on the environment under the status of freight transportation in Wuhan. But from the experiment result, the BDS significantly reduces the truck travel miles in the city centre. Interviewee discuss the sustainable urban logistics from the perspective of purely consolidating delivery model and the technology perspectives.
The Role of the WHUT
The researcher and his team applied the chance to evaluate the performance of the integrated BDS and FIW from the Chinese research institution. They received the funds from the government. Their team use the experimental data to evaluate the BDS system from both commercial and technology aspects. In the end of this project, they will submit assessment report to the government to assist the government's future decisions-making process.
Issues Complaint from WHUT
The barriers of the purely consolidating delivery model: interviewee illustrates that, 99% of the intercity delivery trucks are overloading (100% to 500%). Under the delivery model 1, the carriers in the urban areas must provide the trucks which is the same as the size of the intercity truck to transfer these goods into the city. Therefore, the travel miles and fuel consumption of the urban trucks is purely the same as the intercity trucks. Under the delivery model 2, in theory, goods should be merged in to smaller vehicles to delivery into city. But practically, no carriers will do this in the cargo station. Carriers will not buy small size trucks, because small size trucks cannot deal with the transhipment tasks in deliver model 1. All carriers will use the same size truck as the intercity transport truck for urban delivery. Carriers will merge the goods as much as possible, normally 100% to 500% over loading. This truck will travel to multiple destinations in the city. From the research experience of interviewee, the total travel miles of the inner-city trucks will not less than the travel miles generated by intercity trucks that carriers these goods. 
Obstacles in the process of commercialization. In the experiment, the BDS helps the company B reduces the travel miles and fuel consumption. From the feedback of the survey, drivers are not welcome the BDS, because it actively gives suggestions, which makes the drivers uncomfortable. The interviewee cannot ensure whether the driver will use the system, when the BDS is run commercially. The driver prefers the general navigation application (e.g. Baidu Map and AutoNavi), these systems passively adjust the route according to the driver's choice.
Issues from the consignee and consignor in the city. The purpose of this system is to eliminate carriers’ “empty-loading return”. The premise of the success of the experiment is that there is enough consignors in the city are willing to use the FIW. Currently, only 12 trucks are implemented in the experiment, the numbers cold chain customers of the company B in the city are sufficient to support this system. It is impossible to ensure that enough consignors are willing to use this system in practical operation.
This BDS system is focus on the future. Currently, there are many technology issues. Such as, the delays of the image display, issues in signal, reliability of the equipment and App, etc. These problems are to be solved through technological innovations in the future.
Opinions from WHUT
Interviewee illustrates that the research team join this project with this company for the academic purpose, they do not know the financial status of the company B. they willing to promote the company B’s business through this project. such as upgrades the FIW and helping the company B reduce the operation cost. Although the experiment’s result is very good, the final result of the system’s commercialization is uncertain. Interviewees knows this research will base on the AHP, from his opinion, interviewee thinks the importance of all economic indicator are equal with each other 
Interviewee participated in the company's experiment to evaluate the performance of electric vehicles. He agrees with the opinion from the Chair of this company. Interviewee says the seriously problems for the Electrical trucks are: (i) the battery’s power. In the current situation, the electric truck cannot meet the minimum travel distance requirement in the experiment. In commercial activities, trucks need to carry more goods and deliver to more customers than the experiment; (ii) Long-waiting time for truck charging will lead to the goods cannot be delivered efficiently. In order to solve this issue, company should buy spare electrical trucks, which increased the operating cost; (iii) The overall expense of the electrical trucks is higher than that of the traditional trucks. most fast-charger piles are operated by private companies. although the charging price is lower when comparing with the fossil fuel, this price is much expensive than companies to charge in its platform.  From the interviewee’s opinion using the electrical trucks means enterprise spending more money to buy a low efficiency equipment for their business, no one will do this in the practical.
Interviewee understands all of the delivery trucks are overloading, the “Truck Loading Rate” normally 200%+. Interviewee knows it is bad for road safety, meanwhile, the conditions of the trucks will be damaged. It is not the research target to reduce the truck overloading by BDS project. Interviewees says the all the trucks for the BDS are less than 100% loading rate. As a result, the company’s logistics efficiency has decreased. Government will pay the compensation of the profit loss for the company. Logistics companies reduce costs and increase efficiency through overloading. Government cannot effectively monitor this issues, so it is inevitable
Reduce the Travel Miles in Urban Areas is the core target of this project. this project significantly reduces about 30% of the travel miles in the city. Interviewee knows these system is not as popular as some mobile navigation App. The vehicle drivers need time to adapt to using the system. As a researcher, interviewee understands that there are many difficulties in popularizing this system in a short period of time. But, the implementation of this system has an encouraging prospect for development in the freight transportation industry. it does help the companies reduce the delivery cost.
Number of Delivery Trips per Day is depending on the quantities of goods arrives, this experiment uses trucks with normal goods loading rate. So this this experiment increases the numbers of the delivery trips of the company.
Interviewee says that government does not invest any money on the consolidating delivery model. The money company B received from the government is the compensation for the business disruption from the BDS project. Interviewee thinks the total compensation for the company B is more than the profit lost of the company B (private conversation with the Chair of company B). The BDS project is a public funded project, interviewee also received funding from the government. Public funding is very important to this project.
Interviewee think the indicators of “Average Staff Salary”, “Worker’s Overtime Utilization” and “Workers Commute Time” is not in the consideration of the BDS project.
Reducing the “Total Travel time in City Centre” is another main target of the BDS project. This project willing to help the drivers to avoid the traffic congestions to reduce the vehicle’s on street stopping time. Currently, the research result is acceptable. It can reduce about 20minutes of the delivery. So this indicator is very important for the BDS project.
Interviewee agree with the chair’s opinion on the “Time for On-street Parking”
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Figure VII.1-The UI
This UI consists of four modules, which are input values, Planning Result, Output Values, and the Grap.
In the module of “Input Value”, these data should be typed into the data entry form by decision-makers according to their UCC’s real status. In here, we list the first 12 necessary items, then mark them by the number 1 to 12. 
	Name of Item
	Number
	Description

	Currency
	01
	Three types of currencies are given, in terms of £, €, and $. 

	Price Charging
	02
	This section is the UCC’s (or planned) service price for the goods delivery.

	Startup Cost
	03,04
	Cost for buying necessary equipment and vehicles

	Daily operating Cost
	05,06,07,08
	Most four relevant types of operating cost mentioned in

	Numbers of Operatives
	09
	Decision makers can be typed based on the real values or their assumption.

	Wages of Drivers and
	10,11
	Decision makers can be typed based on the real values or their assumption.

	Fuel Consumption Cost
	12
	Stakeholders enter the value of cost that driving each car for 100 kilometers according to their understanding or assumption.


Table VII.1-Details of UI
In the section of “Planning Result”, the “E-mile” software will generate the data of each item according to the simulation setting and results. These items are marked by 13 to 21.
Through integrating the values in the section of “input value” and “planning result” with the corresponding formulation, the software can calculate the output values in the module of “Result of Fixed Cost and the Variable Cost”. Furthermore, it will display the (or potential) total income and the gross profit. 
The value of fixed cost can be calculated through add together the startup cost of Equipment Purchasing (Cep) and Vehicle Purchasing (Cvp) with the daily cost of Facility Renting (Cfr), Material Using (Cmu), UCC Administrative (Cac), other overhead cost (Cov), we can define the following formulation:

[bookmark: ZEqnNum162244]	 	
Based on the formulation , the arithmetic logic of the software is:
[image: ] 



The variable cost is constituted by the cost of In-facility Goods Handling (), Last-mile Delivery, and Goods Receipt .

[bookmark: ZEqnNum443154]	 	
Based on the formulation, the final result of the In-facility goods handling cost can be calculated by:
[image: ]
Depending on the formulation the values of the Cost of Last-mile Delivery is:
[image: ]
Standing on the formulation , the values of the cost for Goods Receipt is:
[image: ]
The Total Income of the UCC can be calculated by the following formulation:

		
Based on this, 
[image: ]
The Gross Profit of the UCC can be calculated by the following formulation:

		
Based on this, 
[image: ]
The data source in this experiment of the simulation are from three domains, in terms of (1) secondary data from website and the previous report (Table ); (2) the primary data from planning result of the “E-miles” simulation software (Error! Reference source not found.); (3) the assumed data from subjective estimation (Table ).
[bookmark: _Ref13928642]Table VII.2-Secondary data
	Data Categories
	Notation
	Values
	Source

	Wages of UCC Operator
	

	£ 7.91 per hour
	Payscale.com

	Wages of drivers per Hours
	

	£ 8.09 per hour
	Payscale.com

	Petro Cost per Litre
	

	128 pence per L
	Confused.com

	Fuel efficiency of the Vehicle 
	

	9.4 L per 100 KM
	(BTS, 2017)


[bookmark: _Toc46053606][bookmark: _Toc46093855]Table VII.2 Data from Planning Result
	Data Categories
	Notation
	Values
	Source

	Numbers of Consumers
	m
	43
	Column A

	Total Goods Weight
	

	2664 KG
	Column F

	Total Travel Miles
	lj.
	43416 m
	Column V

	The total goods handling Time
	

	
hours
	Column T and U

	The total driving time 
	

	
 hours
	Column T and U

	Total stopping time
	

	
 hours
	Column T and U


[bookmark: _Ref13928815]Table VII.3-Assumed Data
	Types of Data
	Data Categories
	Notation
	Values

	Inputted values of Parameter
	Numbers of UCC Operator
	

	1

	
	Working Days
	

	1

	
	Numbers of Vehicles used per day
	

	1

	
	Numbers of drivers
	

	2

	Inputted values of Cost
	Facility Renting Cost
	Cfr
	£200/day

	
	Materials Using Cost
	Cmu
	£20/day

	
	UCC Operating Cost
	Coc
	£150/day

	
	Other Overhead Cost
	Cov
	£10/day



[image: ]
[bookmark: _Ref13932656]Figure VII.2-Data Input in the users’ Interface
We define the assumed data into the “parameter” and “cost”. The data of parameter is about the values of equipment and human resources related to the goods sorting and distribution. The data of cost are all of the expense of UCC not involved in the urban delivery. The decision-makers input the assumed data into the users’ interface. These types of data are changing according to the real situation of the UCC cases. Therefore, these data are only used to test the availability of the “Cost Analysis Tools”. 
The Figure VII.2 shows the details of data inputting of the user’s interface.  

Table VII.4-Output of the Fixed and Variable Cost of UCC
	Types of the Cost
	Goods Movement Stage
	Value

	Fixed cost
	------------------
	£380/day

	Variable Cost
	Infacility-Cost
	£2.9

	
	On-road Cost
	Last-mile Delivery
	£18.6

	
	
	Goods Receipt
	£17.3

	
	Total Variable Cost
	£39.8



According to the formulation 11, the value of the fixed cost is £531

According to formulation 4 the values of “Goods Unloading” cost is: 

According to formulation 9, the values of “Last-mile Delivery” is

According to formulation 10, the values of “Goods Receipt” is 
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[bookmark: _Toc517785426][image: C:\Users\mgp16akn\AppData\Local\Microsoft\Windows\INetCache\Content.Word\UCC Ragen.png]Picture 1-Delivery Process of the UCC in Stockholm City Centre
[image: Capture223232323] Picture 2-Service Area of Ragn-Sells and Bring


Picture 3-Goods & Monetary flow of UCC System in Stockholm City Centre
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 Picture 4- Delivery Process of the UCC in Royal Seaport

 Picture 5- monetary flow of the UCC in Royal Seaport
[image: C:\Users\mgp16akn\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Untitledxixi.png]	
 Picture 6-The delivery process of the CAUCC 


Picture 7-Monetary flow of the CAUCC
[image: ]
 Picture 8-Business Model of the CAUCC

[image: ]
 Picture 9-Delivery Model of the BDS Experiment
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