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Abstract

This study presents a novel approach to designing and evaluating ‘last-mile’ solutions —
encompassing the social and economic perspectives of key stakeholders. While urban system
initiatives have been implemented in practice, theoretical gaps remain at the operational design level.
A theoretical framework is developed, based on design criteria identified from a critical synthesis of
supply chain and operations management literature, and ‘operationalised’ using an in-depth case
study demonstrating implementation of a Consumer Choice Portal-Package Consolidation Centre
solution, within a densely populated urban geography.

Findings suggest that there is a need to re-define the role of institutional actors beyond that of
the traditional governance task, to one of being able to facilitate performance outcomes. Similarly,
industrial efficiency dimensions need to be re-orientated to include consumer participation, social
considerations and multi-stakeholder service outcomes. Finally, implications for operations theory and
practising managers in city logistics are highlighted, with suggested directions for future research.

1. Introduction

The urban ‘last-mile’ in logistics and distribution systems is becoming increasingly complex and
strategic for manufacturers as well as retailers. With increasing transportation costs and longer lead-
times, it is also recognised as the most critical element to manage, contributing as much as 75% of
total supply chain costs (Boyer, Frohlich and Hult, 2004). Increased pollution levels and congestion
are also an issue, with transport accounting for 24% of total CO, emissions, urban areas responsible
for 80% of on-road emissions growth since 1980, and for 63% of total 2012 emissions. (UN-HABITAT,
2009; Gately, Hutyra, and Wing, 2015). In response, EU transport policies are looking to phase out
conventionally fuelled vehicles in urban centres by 2050; halving their usage, and moving towards
‘zero emissions’ by 2030 (LaMiLo, 2015). With future projections that 70% of the World’s population
will be living in cities by 2050 (UN-HABITAT, 2015), social, economic, and environmental pressure to
develop innovative solutions is originating from planners and regulators, who are placing more
restrictions on the movement of stock, goods and freight (DfT, 2015).

In the provision of ‘last-mile’-type solutions, traditional city operations have been
predominantly assessed from the industrial point-of-view, mainly focusing on the reduction of
distribution costs, often neglecting the increasing complexity, and desired ‘service outcomes’ of all
stakeholders within a specific urban system (Taniguchi and Tamagawa, 2005). Supply chain decisions
are typically taken in order to achieve commercial efficiency, disregarding wider environmental
objectives, resulting in city authorities having to balance diverging private sector objectives and social
ones (Danielis, Maggi, Rotaris and Valeri, 2012). The issue of failed deliveries is specifically targeted
here, as UK logistics providers report that 30% of small packages dispatched to customer homes fail
to be delivered first time, resulting in poor customer service and avoidable logistics inefficiencies
(Fernie and McKinnon, 2004). This, in turn, results in large numbers of repeat delivery runs
exacerbating urban congestion, pollution and accident levels. For the general public, there are
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significant negative environmental and societal impacts caused by the increased numbers of vehicles
(up 17% in 2015, according to the Society of Motor Manufacturers and Traders), which are often
unsuitable for specific urban areas. Consumers are aware that deliveries to their home may fail
repeatedly, however, limited mechanisms currently exist to better engage with the urban supply chain,
such as enabling a consumer to make informed decisions regarding the mode of ‘last-mile’ delivery,
and to take control of timing, cost, reliability and ‘greenness’ (Srai and Harrington, 2014). The potential
for impact is vast, given that the total UK postal services market was valued at £14bn in 2013,
generating approximately £7bn in revenues which included £6.6bn in courier and express delivery
items (FT, 2013). Furthermore, both complexity and UK parcel volumes are projected to grow at circa
3% per annum, from approximately 1.7bn units in 2013, to 2.3bn units by 2023 (PWC, 2013).

Recent years have witnessed the development of new ‘routes-to-market’ involving specialist
‘last-mile’ consolidation and distribution service providers, coupled with the exponential rise of direct-
to-consumer business delivery (Boyer, Prud‘homme, and Chung, 2009; Srai and Harrington, 2014).
Changing consumer behaviour has had a dramatic effect on consumption patterns, as the general
public move more towards actively assessing the environmental impacts of the products and services
they purchase (Montoya-Torres, Gutierrez-Franco, and Blanco, 2014; Srai and Harrington, 2014; MIT,
2014). The continuing rapid development of digital supply chains has driven the need for improved
service delivery, highlighting the many challenges and problems inherent within the logistics system,
and a subsequent need for optimisation (Srai and Harrington, 2014).

While recent studies have demonstrated that a structured consultation process, to introducing
and trialling initiatives aimed at increasing the sustainability of urban supply chains, can be beneficial,
actual evaluation is dependent on many aspects that may well emerge well after the initial consultation
(Osterle, Aditjandra, Vaghi, Grea, and Zunder, 2015). The approach presented here focuses on a
critical theoretical gap at the operational design level, and provides a unique approach to designing
and evaluating urban system ‘last-mile’ solutions — encompassing both social and economic
perspectives of all stakeholder groups. The methods developed, as part of this study, look to inform
the development of a common set of measures (at the outset for design, implementation and
evaluation stages) for specific ‘last-mile’ solutions, in order to estimate performance in design stages,
and measure ‘actual’ performance in post-implementation stages. No construct currently exists which
shows the relationship between the different measures and, therefore, between the interests of the
different stakeholders. Hence, the primary research question, we look to address, is to determine what
are the key design criteria - from a multi-stakeholder perspective - that are applicable to urban system
‘last-mile’ operations.

A theoretical framework for the design and evaluation of ‘last-mile’ logistics solutions is
developed, based on a set of design criteria - derived from both academic literature, and examples of
existing urban system solution implementations - and an in-depth case study that involves the design,
set-up and operation of a Consumer Choice Portal (CCP) and Package Consolidation Centre (PCC).
Our work proposes a comprehensive and balanced approach to solution design and evaluation, within
a pre-defined urban system, capturing the critical stakeholders and their individual and overlapping
interests. This framework looks to challenge the traditional design and planning of city logistic
systems, improving the efficiency of flow (e.g. the probability of goods arriving on time) and minimising
disruption (e.g. delays, congestion), by bringing more of an element of consumer participation,
and social externalities.

The paper is structured as follows: section 2 first reviews the literature and presents a
definition of the urban system ‘last-mile’ and associated characteristics. Key stakeholder classification,
and the identification and categorisation of proposed design criteria for each stakeholder group are
then summarised. These categories of literature support the case investigation, with the output being a
theoretical framework. Section 3 next describes the methodological approach to framework
development and its role in guiding management of the process. Section 4 presents a summary of the
case study results, organised in conjunction with the categories of public-private institutional themes
presented in section 2. Finally, section 5 discusses conclusions and directions for future research.



2. Literature review

The academic literature reports several examples of innovative ‘last-mile’ concepts - on-line retail
delivery (Esper, Jensen, Burton and Turnipseed, 2003), on-line groceries (Boyer, Frohlich and Hult
2005) and urban freight consolidation (Browne, Sweet, Woodburn and Allen, 2005) - but often from the
‘industrial’ (commercial efficiency) perspective of the ‘supplier’. Previous research also suggests
empirical criteria for green supply chain performance measurement, while being operational in nature,
are mostly specific to a focal company, and neglect broader environmental and social objectives
(Gimenez and Tachizawa, 2012; Kumar Dey and Cheffi, 2013; Osterle et al, 2015). From an
operations management perspective, decisions often remain firmly based on transaction costs and
risk, when future innovative solutions call for alternative performance indicators, and operational
criteria to better assess capabilities (Bjorklund, Martinsen and Abrahamsson, 2012; Kumar and
Gregory, 2013).

Given the amount and complexity of potential attributes, the following sub-sections look to
identify the most important factors — which may inform the key contextual elements, critical
overlapping interests, and ‘touch points’ of the different types of stakeholders (Rodrigue, Comtois and
Slack, 2009; Harrington, Srai and Christodoulou, 2014; Harrington and Srai, 2016a).

2.1. Defining the ‘urban system last-mile’

Specific ‘urban system’ characteristics have a significant impact on the performance of a ‘last-mile’
solution. For example, delivery in areas with higher customer densities should be less expensive, with
wider delivery windows facilitating greater delivery efficiencies (Chopra, 2003; Boyer et al., 2009). In
this paper, we extend ‘urban system’ terminology - used to define and describe both the system and
dynamics of cities and towns, and the economic and social functions of urban settlements of different
sizes (Martin, 2000) - to a service logistics context, which we define as the management of activities,
which respond to customers on an individual basis (Davis and Manrodt, 1994). As the focus of the
case study features end-consumers located in a specific urban area, our definition of a ‘supply chain’
includes the ‘last-mile’ distribution system that delivers the goods to/in the complex environment, that
is a town or a city (Danielis et al., 2012). This complexity stems largely from a lack of integration — with
multiple firms, often with their individual systems, activities, technologies, information and resources,
delivering their product or a service to an end customer (ibid). Hence, the term ‘urban supply chain’
identifies that part of a supply chain responsible for parcel delivery to a pre-defined urban geography.
Furthermore, we consider the ‘last-mile’ to be the last part of the physical goods delivery process,
which involves a set of activities that are necessary for the delivery process, and involves the last
transit point to the final drop point of a delivery chain (Harrington, Wohlrab and Srai, 2012; Aized and
Srai, 2013).

Hence, a working definition of the urban system ‘last-mile’, in the context of this study, is
proposed to be “the final component of a B2C delivery process. It takes place within a pre-defined
urban system, with specific characteristics, and includes upstream logistics to the last transit point until
the destination point of a delivery. It involves a series of activities and processes, of critical value to all
the involved stakeholder groups, within an urban system’.

2.2. Key stakeholders within an urban system ‘last-mile’

Critical to any framework development is the involvement of stakeholders, during the whole project
cycle, from concept to project planning and implementation, to monitoring and evaluation (Osterle et
al, 2015). Hence, a key consideration is to understand the role that the network of key institutional,
industrial and supply network actors may play in the development and implementation of alternative
business models, and in successfully commercialising a solution (Harrington and Srai, 2016b). The



network actors will have various perspectives, requirements, and objectives, in defining the different
roles, inter-relationships and governance structures (i.e. the system of rules, practices and processes
by which interests of the key network stakeholders will be directed and controlled), and in forming the
basis for ‘last-mile’ solution evaluation. Here, we categorise the main stakeholders, within the ‘last-
mile’ of a specific urban system - as a means of reducing evaluation complexity, and ensuring clarity
with respects to the constructs presented.

Taniguchi and Tamagawa (2005) previously considered stakeholder behaviour in the context
of the ‘last-mile’. In total, four key stakeholders were derived as shippers, freight carriers, consumers
and administrators (Taniguchi, Thompson and Yamada, 2001; Taniguchi and Tamagawa, 2005). In
turn, Russo and Comi (2011) proposed three stakeholder groups, namely, end-consumers,
transportation operators, and public administration. For this study, three stakeholder groups are
defined as Institutional, Industrial and Consumer. ‘Institutional’ relates to the local and regional
authorities, within the specific geographical area that the CCP-PCC operates in. Shippers, freight
carriers and local couriers are viewed as ‘Industrial’ entities, with similar objectives and interests, in
reducing costs while meeting customer needs. ‘Consumer’ incorporates customers of the CCP-PCC
where the PCC is in operation. A literature categorisation framework of stakeholders, within an urban
system, is now developed in sections 2.3-2.6, with the aims of capturing the following:

¢ Individual perspectives, requirements, objectives and interests of the different stakeholder
groups: Consumer, Industrial and Institutional.

e Common interests and trade-offs between the stakeholder groups: Industrial-Institutional,
Consumer-Institutional and Industrial-Consumer

e Industrial-Consumer-Institution common interest and trade-offs (3-way perspective on the
urban system ‘last-mile’)

2.3. Designing ‘last-mile’ solutions from a multi-stakeholder perspective

In order to facilitate broader stakeholder involvement in future city and urban supply chain
policymaking (Graham, Coles and Mehmood, 2015), the approach employed in this paper builds on
‘multi-organisational network’ (MON) concepts previously reported (Srai 2011; Harrington, Kirkwood
and Srai, 2012) which capture critical ‘touch points’ between organisations and end-customers
(Harrington and Srai, 2016a), in order to promote greater cooperation within a specific urban system.

Entities, seeking to develop ‘last-mile’ solutions, are often impeded by their inability to engage
effectively with a wider network, where they may need to draw on external support (Sarasvathy and
Dew, 2005; Rossi, Colicchia, Cozzolino and Christopher, 2013). The multiple stakeholders involved in
e-tailing, conventional retail, parcel delivery and transport systems within a particular geography is
complex, with multiple (yet unrealised) opportunities for data sharing and systems integration
(Stefansson, 2002; Yu, 2015). Service initiatives, in customer relationship management, regularly fail
due to a lack of network integration and customer orientation, attributed to a lack of clarity on network
objectives, poor design and planning, and the use of misleading measures or improper measurement
approaches (Jain, Jain and Dhar, 2007; Foss, Stone, and Ekinci, 2008). Failure to incorporate such
requirements may be detrimental to the design of a ‘last-mile’ solution, resulting in many ‘smart city’
operational initiatives failing to proceed to the implementation phase, because the environmental and
social benefits cannot be effectively (or correctly) evaluated.

Marshall, McCarthy, Heavey, and McGrath (2015) examined a series of constructs to explain
integration or trade-offs between different ‘types’ of sustainability, and highlighted a gap in how
environmental and social supply chain sustainability practices are evaluated. In addition, no
collaborative construct currently exists that shows the relationship between the different economic,
social and operational measures, and interests of all stakeholders within an urban area. This lack of
alignment, with respect to stakeholder perspectives is a critical issue, as highlighted by the MIT Center
for Transportation & Logistics (MIT CTL) survey study on freight traffic congestion causes and
solutions involving public and private sectors (Caplice and Phadnis, 2014). A series of ‘enablers’,



largely relational and involving collaborative and qualitative aspects (rather than just cost and
quantitative measures), are shown to provide greater clarity on overall network objectives (i.e. defined
common goals for a network of partners) - and avoid the use of misleading measures or improper
measurement approaches (Hervani, Helms and Sarkis, 2005; Lehtinen and Ahola, 2010; Harrington

et al, 2012; Harrington and Srai, 2016a). Linking stakeholder ‘touch-points’ and pre-/post-
implementation evaluation criteria can better enable the re-assessment of evaluation quality within the
design stage, assess ‘performance’ implications of alternative service offerings, and critically (and
retrospectively) evaluate the adoption of ‘smart city’ concepts - defined here (BIS, 2013) as those
which ...”enable every citizen to engage with all the services on offer, public as well as
private...bringing together hard infrastructure, social capital including local skills and community
institutions, and (digital) technologies to fuel sustainable economic development and provide an
attractive environment for all” - from multiple viewpoints.

2.4. Design criteria - a multi-stakeholder perspective

Different approaches to modelling ‘last-mile’ systems have been reported and reviewed in the
literature (Van Duin, 1997; Button and Hensher, 2000; Macharis, De Witte and Ampe, 2009, Crainic,
Ricciardi and Storchi, 2009; Mufiuzuri, Cortés, Onieva, and Guadix, 2009; Anand, van Duin and
Tavasszy 2012; Anand, Yang, van Duin, and Tavasszy, 2012; Greasley and Assi, 2012; Lindholm,
2012; Osterle et al, 2015). Design criteria have also been previously utilised, in selected cases, within
an urban system context (City Ports 2005; Mufiuzuri, Larraneta, Onieva, Cortés, 2005; Van Duin and
Quak, 2007; BESTUFS 2007; Russo and Comi, 2011). While practical urban system initiatives have
been implemented in several sectors, there is a lack of critical research at the operational design level
with respect to common interests and trade-offs (in balancing economic performance at the
organisational level, versus the social pressure to improve environmental performance). Furthermore,
there is a disconnection - in that service outcomes and benefits cannot be easily estimated by the
provider, or validated by the institutional stakeholder.

This section identifies key design criteria — the central research question of this study - derived
from supply chain and operations management literature, and applicable to the urban system ‘last-
mile’ — and then categorises from a multi-stakeholder perspective (relevance to consumer, industrial
and institutional) — see table 1. Although the authors do not claim this list to be exhaustive, as there
has been significant reporting in the academic literature, the synopsis of key literature here
demonstrates the tendency of existing research to focus on specific dimensions. Table 1 illustrates the
shortcomings in the measurement approaches that are currently employed, as there is a clear bias for
an industrial perspective within the criteria, suggesting that decisions may well be largely based on
transaction cost considerations. This further highlights the need for a methodology to assess
synergies, and trade-offs between multiple agents in terms of performance criteria, and social and
service outcomes - representing a novel approach to solution design and evaluation. In taking a
stakeholder perspective, and focusing on the design criteria considerations for each actor (e.g. the
3PL company, the retailer, the manufacturer, the local council, the consumer, local transport
authority), this approach breaks with traditional city logistics scenario and planning development,
replacing a one-size-fits-all mentality, in order to develop more socially-efficient service outcomes. In
sections 2.5-2.7 we discuss and propose design criteria for each of the stakeholder groups, in turn.
These categories of literature support the case investigation, presented in section 3, with the output
being the development of a theoretical framework.

<< Insert Table 1 here. Last-mile design criteria from supply chain and operations management
literature — multi-stakeholder perspective >>



2.5. Consumer design criteria identification

In the context of parcel delivery, customer evaluation measures should serve to analyse
customer requirements and interests. Growing customer expectations have resulted in the need to
radically improve services - with requirements for more customised service offerings (Punakivi, Yrjéla
and Holmstrém, 2001; Bhagwat and Sharma, 2007; Gevaers, van de Voorde and Vanelslander, 2010;
Angheluta and Costea, 2011). A continued lack of visibility on deliveries remains a significant source
of dissatisfaction in this area, with a significant number of consumers deterred from utilising the full
potential of internet-based shopping solutions - 41% of UK customers were recently shown to be
dissatisfied with ‘tracking, while in transit’ aspects of online purchasing (the estimated total number of
UK internet users is now close on 72 million) (UPS, 2013)

Service attributes, in terms of the ‘customer’, have often been categorised using the
SERVQUAL framework, which applies the five dimensions of tangibility, reliability, responsiveness,
assurance and empathy to define service quality (Parasuraman, Zeithaml and Berry, 1988). Here, five
key constructs are proposed to effectively capture the interests and potential objectives of the
consumer - cost, quality, time, flexibility and reliability - with respect to offered and received service
packages, their attributes and qualities, and correlation to ‘last-mile’ processes (Lee and Whang,
2001; Lee, Strong, Kahn and Wang, 2002; Boyer and Hult, 2005). Cost, quality and time are viewed
as critical in terms of any standard classification (Atkinson, 1999). Ward, McCreery, Ritzman and
Sharma (1998) identified flexibility as an additional factor for competitiveness in operations
management, which enables a high degree of customer satisfaction. Finally, reliability, is viewed as
being highly important for delivery (White, 1996), and may be used to capture post-solution
implementation criteria.

Table 2 summarises the relationship of these dimensions/constructs, and design criteria (y-
axis) with the key ‘last-mile’ processes and elements (x-axis)l. Within a specific urban system, the
consumer is, generally, only concerned with drop point, pick-up distance and destination point (e.g. a
customer’s home), due to the fact that there may not be any contact with other upstream elements
within the ‘last-mile’. The importance of service attributes may vary, depending on the requirements of
the delivery goods, and customer within a specific urban system. A selection of measures, for drop
point, pick-up distance and destination point are presented in table 2. In summary, in terms of the
consumer:

o Cost covers performance and utilisation dimensions, with design criteria capturing service
price and costs arising from additional services after a purchase, and assets, which the
customer has to use, such as the means of transport for a parcel pick-up.

e Quality covers information, material flow and service dimensions - in relation to user
satisfaction, intention of use and use (Delone and McLean, 2003; Stevenson and Spring,
2007).

e Time represents processing times, from the customer perspective, and should include criteria
such as total lead-time, pick-up time, delivery frequency and hand-over times.

o Flexibility captures customer choice criteria, with respect to cost (pricing models, payment
options and range of services), volume, range of services and time. Here, a consumer may
choose to customise and use, for example, a “green delivery” option.

e Reliability captures customer choice criteria, with respect to cost, time, place and quality.

1 Note: to illustrate material flows within the urban system ‘last-mile’, tables 2-4 are organised in order to distinguish between
freight transportation and ‘stations’ within the last-mile value chain. For example, freight transportation includes ‘upstream
logistics’ and ‘transportation to drop point’ by the logistics service provider and parcel ‘pick-up distance’ by the customer.
‘Stations’ within the last-mile value chain include the ‘transit-‘, ‘drop-* and ‘destination’ points. The pick-up distance may be zero,
in the case of the destination point being the drop point.



<< INSERT Table 2 here. Design criteria from a consumer perspective — in terms of cost,
quality, time, flexibility and reliability >>

2.6. Industrial design criteria identification

The industrial stakeholder is defined here as the service provider (couriers, express delivery
service providers and parcel forwarders), within an urban system. The definition includes activities
involving deliveries entering the pre-defined urban area, up to a ‘drop point’, which is usually
predefined by the customer, and the provision of any additional services. The main task, of the
industrial stakeholder, is to leverage assets to provide services to satisfy the customer, while adhering
to regulations within the urban system (Litman and Burwell, 2006; Green Logistics, 2011).

Current performance measures may not be sufficient for the challenges that organisations will
face, with respect to delivering service and environmental outcomes, as they often only detalil
contractual requirements to define minimum performance levels expected in three performance areas
— timeliness, cost and quality/accuracy (Charron, 2006; Jain et al, 2007; Harrington et al, 2012).
However, it is argued that industrial stakeholders will have more influence in delivering any future
green agenda (Amann, Roehrich, ERig, and Harland, 2014). Fugate, Mentzer and Stank (2010) also
relate logistics performance to three main dimensions, namely, efficiency, effectiveness and
differentiation. The dimensions of efficiency and effectiveness look to describe the performance of
logistics processes, and can be expressed by quality, cost and time, in terms of measurability
(Atkinson, 1999). Finally, in order to adequately reflect critical customer relational attributes in a
‘service’ business, any measures should be supplemented with appropriate non-financial
measurements, and include assessments of the quality of relationships (Harrington et al., 2012).

It is proposed that industrial design criteria utilise the dimensions previously derived for the
consumer - cost, quality, time, flexibility and reliability. Table 3 summarises the relationship of these
dimensions/constructs and design criteria (y-axis), in terms of the key last-mile processes and
elements (x-axis) — for the industrial stakeholder group. It includes those elements of the urban system
‘last-mile’, to which the industrial stakeholder has contact, e.g. upstream logistics, the transit point, the
transportation to the drop point and the drop point (again, a selection of measures are presented here,
as an example). The destination point is also included, in the case that it is the drop point. In
summary, in terms of the industrial stakeholder:

e Costis again sub-divided into utilisation and performance. Objectives here include the
reduction of assets and operation costs, while increasing revenue (Yeniyurt, 2003; Leonardi
and Baumgartner, 2004; Stathopoulos, Valeri, Marcucci, Gatta, Nuzzolo and Comi, 2011).
Utilisation captures all applicable resources, required for service delivery (assets), and
performance demonstrates how resources are used (operation costs and revenue).

e Quality consists of information, material flow and service quality. Information and material
flows relate to the quality of network connectivity, traffic network integration, labour and
transport technology in-use. Service quality may be best represented by customer satisfaction
evaluation measures, and may include the development and provision of differentiated
services (Swamidass, 2000).

e Time represents process times within the ‘last-mile’. Delivery service time is one of the most
important evaluation criteria (Bhagwat and Sharma, 2007). The overarching indicator here is
the total lead-time, which summarises the process times along the delivery chain.

e Flexibility - with respect to cost, volume, range and time — may be used to define the capability
of the material flow, with levels of flexibility dependent on the quality of information and
communication technology in-use. Technological innovations (e.g. RFID, mobile Apps) have
the potential to enable higher operational efficiencies and flexibility (Tseng, Yue and Taylor,
2005). By effectively measuring and evaluating this dimension, companies may develop rapid
response capabilities to meet individual customer requirements and customised delivery



services (Gunasekaran, Patel and Tirtiroglu, 2001; Duclos, Vokurka and Lummus, 2003; DHL,
2011).

¢ Reliability - with respect to the cost, time, place and quality — may be used to assess
performance of last-mile logistics solutions, in the implementation phase, as the evaluation
criteria may be estimated in the design stage.

<< INSERT Table 3 here. Design criteria from an industrial perspective — in terms of cost,
quality, time, flexibility and reliability >>

2.7. Institutional design criteria identification

Institutional interests, within a ‘last-mile’ context, have been somewhat limited in the literature,
despite a critical role in transport infrastructural policies and business development, and in delivering
socially responsible operations - as both an active supporter and regulator (Tseng et al., 2005; Amann
et al, 2014).

The institutional stakeholder represents the interests of the community, and is comprised of
administrative bodies, at a local, regional, national and international level. One of the critical
challenges for public organisations, is in the area of performance measurement: to first identify the
correct measures to use, and then their effective adoption and management, in light of factors
(political, cultural and rational) that may affect the overall process of implementation (Carlucci,
Schiuma and Sole, 2015). Hence, the primary task of the institutional stakeholder may be described
as to preserve and improve the social and environmental quality of life within their area of
responsibility, and ensure that critical environment, social and economic needs are considered in
decisions that affect transportation activity (Litman and Burwell, 2006; Mufiuzuri et al., 2005).

Social, Technological, Economical, Environmental and Political dimensions are best utilised to
specifically capture the objectives of the institutional stakeholder, in balancing revenue generation and
quality of living, as part of an evaluation criteria. Table 4 sets out the evaluation criteria and key social,
technological, economic, ecological and political measures (y-axis), in terms of the key last-mile
processes and elements (x-axis) — for the institutional stakeholders. In the context of this research,
many of the indicators focus on operations and, therefore, upstream logistics, transportation and
parcel pick-up by the customer. However, the institution is also interested in the end-2-end (E2E)
urban system. In summary:

e Social aspects focus on transportation outputs, which may have a direct impact on the quality
of life for residents of an urban system. Most challenges are common for the majority of cities
(Chapman, 2007; Ott, Sterk and Watanabe, 2008; Copenhagen Accord, UN 2009). Hence,
critical factors, such as level of congestion, and number of road accidents, caused by the
number of operating vehicles, are captured within this dimension.

e Akey consideration, in assessing solutions, is the role emerging technology may play in the
development of alternative services (Harrington and Srai, 2016b). In terms of the technology
dimension, critical factors reducing the negative impacts of the overall operating system
should be captured. In relation to hardware, the promotion of high tech facilities and low-
emission vehicles is of great interest to the institutional stakeholder, as are up-to-date routing
software/intelligent transportation systems (ITS) to improve efficiency, and reduce operational
costs.

e The environmental dimension aims to capture the negative impact of transportation. Studies
reflecting the high contribution of freight transportation, within defined urban systems, have
already been reported, with subsequent implementation of policies and outcomes, in relation
to expected goals (Patier, 2002; OECD, 2003; Figliozzi, 2007; Comi, Delle Site, Filippi,
Marcucci and Nuzzolo, 2008; Sonntag and Meimbresse, 2008; Stathopoulos et al, 2011).



e Economical aspects are represented by costs for the community, caused through freight
transportation. Cost reduction here is of common interest for both the institutional and
industrial stakeholder. Solutions and strategies, which promote reductions in freight volume,
travel time, interferences, and increase revenue and speed, improve not only community costs
but also the performance of the ‘last-mile’ solution provider.

e A political dimension may be used to capture responsible, and cooperative behaviour,
between the industrial and institutional. Stakeholders should not only conform to regulations,
but also challenge these norms, in order to improve the quality of life for the wider community
(Frota Neto, Bloemhof-Ruwaard, van Nunen and van Heck, 2008).

<< INSERT Table 4 here. Design criteria from an institutional perspective — social,
technological, environmental, economical and political >>

3. Methodology

A case study methodology (Eisenhardt, 1989; Yin, 2009; Voss, 2009) was used to address the core
research question of this study — determining those key design criteria, from a multi-stakeholder
perspective, that are applicable to urban system ‘last-mile’ operations - and guided by the framework,
derived from the literature, in section 2. Key criteria for case selection included (i) access to, and
involvement in, concept building and the early stages of implementation of an innovative logistics
solution, within a pre-defined urban system and (ii) an ability to both capture perspectives of a series
of key stakeholder groups, within a collaborative supply network (for example, final customers, the
parcel delivery organisation and the local authority), to allow full exploration of the design criteria,
characteristics and constructs.

The in-depth case study, supported by the UK Technology Strategy Board, involved the
implementation of a Consumer Choice Portal and Package Consolidation Centre (CCP-PCC), focused
on the delivery of packages to the home. This ‘last-mile’ solution design involved a web-based portal,
offering consumer choice features such as time, mode of delivery (e.g. sustainable vehicle solutions,
self pick-up) and parcel traceability, coupled with a local urban consolidation centre providing easy
consumer access, consolidation facilities for primary suppliers, efficient transfer to last-mile couriers
with dynamic scheduling, and package recycling features. The geographical area, selected for this
study, was in the greater London area, operating within two specific postcodes, and delivering to a
potential customer base of approximately 50,000 households - reflecting a potential market size of
~250k packages. With the assumption that up to 30% of deliveries may be missed first time (Fernie
and McKinnon, 2004), this would translate to 600 parcels/day, out of the 2,000 delivered daily, in the
specified geographical area.

The overall investigative approach (data collection, analysis and integration with the literature and
underpinning concepts) involved:

e Step 1. ‘Operationalising’ the multi-stakeholder design criteria, through the in-depth case
study, as a means of developing a conceptual framework. Data collection activities involving
the focal firm (PCC operating company) and all network collaborators were undertaken by
one, or a combination of the authors, over a two year period (from summer 2010 to the end of
2012), and involved the concept, design and implementation phases of the CCP-PCC ‘last-
mile’ solution. A four-tiered approach was used as part of this step, i.e.

(1) Interviewees (see table 5 for summary and descriptions) first discussed their general
view on the PCC-CCP operation, and involved:



e A cross-section of PCC-CCP early adopter/customers, selected to explore how
the specific solution may change/affect their business and dalily life, and result in
the development of future PCC-CCP services

¢ Industrial stakeholders consisting of (i) the PCC operating company, a small
business operating from regional bases across the UK, with primary offices
located in greater London and established for more than fifteen years, and (ii) the
Green Business Forum (GBF), a partnership between local businesses and the
local authority.

e The local authority (LA) responsible for the geographical area in which the PCC
operated. The LA mission states a dedication ‘to improving the lives of our
residents’ and an ambition ‘to deliver the best quality of life in Britain’ by ‘providing
high-quality, targeted services that deliver real value for money’. As an active
supporter of the case study, several respondents (with responsibilities in planning
environment, technical standards, infrastructure delivery, highways, traffic division
and procurement framework design/supplier pre-qualification) represented the
interests of the ‘institutional’ stakeholder

(2) Interviewees described their perceptions of the identified dimensions, in the context of
the PCC project - social, technological, economical, environmental, political, cost,
quality, time, flexibility and reliability. This enabled a direct determination of potential
criteria spanning stakeholder interests. Pre-/post-implementation requirements, and
usage patterns, were then used to identify potential process/performance measures
for each of the stakeholders, and the overall industrial system. Evaluation metric
definitions, involving efficiency, service and sustainability parameters, were discussed
at critical points within these two echelon (‘last-mile’ and pre-‘last-mile’) supply chains.

(3) Interviewees were asked directly for evaluation criteria, which may not have been
addressed, as part of the interview.

(4) The last section of the interview process served to identify the most important
measures, for each interviewee and additional information, which had not been
captured.

Step 2. Multi-organisational service network (MOSN) concepts and supply chain mapping
techniques (Srai and Gregory, 2008) were used to identify common interests and trade-offs,
involving the relevant stakeholder groups (consumers, industrial and institutional) in terms of
socio-environmental, efficiency and service benefits. Specifically, process mapping of the
decision-making processes of institutional and industrial actors was undertaken, to identify
any regulatory barriers/opportunities to/for the successful adoption of smart city-enabled
operational applications/alternative delivery systems.

The data collection process involved multiple site visits over this two-year period, a
series of semi-structured interviews and informal meetings with PCC customers, company
representatives, including the managing director and operations director of the PCC, CCP
technology developers, and officers of the LA. In addition, secondary data and company
materials were used, which included annual reports, press releases, presentation material to
customers and stakeholders, media material, and other secondary literature sources.
Furthermore, follow up e-mail correspondence, and data validation by the key stakeholder
groups was conducted, in order to increase the validity and reliability of the study

Step 3. A conceptual framework was developed through application of multi-stakeholder
design criteria, as part of the in-depth case study implementation phase (outputs from steps 1
and 2 above), and triangulation of multiple sources. This informed evaluation of the specific
CCP-PCC solution. It is the aim that successful solution implementation will act as a prototype
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demonstrator, in a specific geographical location, in order to examine viability and develop
standards and protocols to enable licensed/accredited logistics distributors to use the system.

<< INSERT Table 5 here. Case study interviewees and descriptions >>

4. Case study results and development of conceptual framework categories

This section is organised to align with the private-public institutional themes consulted in the literature
review (section 2), with the view to linking synthesis of theory, with the data (case study). As a means
of developing a theoretical design framework, the criteria identified from a critical synthesis of the
literature was ‘operationalised’, by applying these concepts to the three key stakeholder groups. The
in-depth case study was specifically chosen, as it demonstrates innovations in consumer choice,
institutional policy practice and industrial delivery options. Semi-structured interviews, with the target
stakeholder groups, were then used to explore the interfaces between stakeholders.

The findings reflect the implementation of a newly established Consumer Choice Portal (CCP)
and Package Consolidation Centre (PCC) solution within a specific densely populated urban
geography (see section 4.1). The interview outputs ‘populate’ a conceptual framework, by identifying
the design considerations important to the three stakeholder groups, identifying in the process the
potential synergies (overlaps) where a more collaborative approach to ‘smarter’ network, and solution
design may lead to collective socio-environmental, efficiency and service benefits.

Figure 1 and Table 6, collectively, represent the outputs - in terms of a conceptual framework -
for evaluating a specific urban system ‘last-mile’ solution, across the three key stakeholder groups.
Individual design criteria, for each stakeholder group, are outlined in sections 4.2 - 4.4. Figure 1 also
summarises the key interaction/integration points - identified from mapping and interviews, involving
the stakeholder groups — to capture critical interdependencies, common interests and trade-offs. It is
in these overlap spaces (dyadic and triadic design criteria — sections 4.4 - 4.8), where the primary
contribution of this research has been focused.

<< INSERT Figure 1 here. Emerging multi-stakeholder conceptual framework — capturing key design
considerations incl. interdependencies, common interests and trade-offs >>

4.1. Implementation of an urban system ‘last-mile’ solution

The conceptual framework developed (figure 1) informed the process of implementing a specific urban
system ‘last-mile’ solution, involving package delivery to the home. Solution design consisted of a
web-based portal providing consumer choice features, such as time and mode of delivery, the
development and implementation of new routing system software, ‘green’ delivery options, that
included the use of small electric vehicles, and the set-up of a parcel consolidation centre. The overall
project aim was to empower consumers, with respect to their delivery option, in the ‘last-mile’ of the
package journey.

Assessing the past phases of a development is crucial to avoid, or correct erroneous trends,
in an urban project or city (Manville, Cochrane, Cave, Millard, Pederson, Thaarup, Liebe, Wissner,
Massink and Kotterink, 2014). Any evaluation should assess whether the objectives of projects have
been accomplished, be of a continuous and independent nature operationally (with the option of
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evaluating at discrete points in time), and have a precondition that there are clear, measurable
objectives (ibid). This unique approach — encompassing social and economic perspectives of all
stakeholder groups, within a specific urban system — led to the development of a common set of
measures in order to estimate performance in a design stage and to measure ‘actual’ performance in
post-implementation stages. Table 6 illustrates an example of the measures identified and their
‘operationalisation’, in terms of the current state of implementation of the ‘last-mile’ solution and
targeted service outcomes (specific design criteria, selected for the solution on the y-axis v. service
outcome options on the x-axis). The table highlights (i) current levels of service outcome (ii) the
current stage of ‘last-mile’ solution implementation, and (iii) targeted (and demonstrated) ‘last-mile’
solution outcomes.

Customers are informed about the arrival of the delivery good, and the portal enables greater
choice involving two delivery modes; self pick-up, or delivery by electric vehicle, within a specific and
narrow time window. The solution mainly promotes customer connectivity - hence, evaluation of the
information quality between customer and CCP-PCC should include completeness, ease of
understanding, personalisation, relevance and security. As well as communication via e-mail and
SMS, the CCP provides an ability to engage, interact, integrate and communicate in real time, as and
when appropriate with customers, improving delivery efficiency and overall service features.
Alternative delivery modes, additional service features, such as the selection of delivery time with a
time window of only one hour and the possibility of changing the destination point, further serve to
increase customer choice. Longer opening times, 7 days per week provide greater time flexibility for
the customer, in terms of home delivery or collection. The additional option of using the consolidation
centre for parcel storage of up to one week enables aggregation of parcels and, therefore, not only
benefits the customer but also promotes a highly efficient ‘last-mile’ logistics delivery for industrial and
institutional stakeholders. The delivery option, by electric vehicle, minimises the generation of
emissions, and is of value to all stakeholders.

Actively promoting a local transit point - with accessibility for all shippers - highlights the
critical role institutional players could play in facilitating/supporting the design and implementation of
novel solutions, as part of a more-partnered approach. In future stages of the project, the involvement
of other delivery service providers, who may be willing to cover this cost (fully or partly) through the
elimination of their individual last-mile logistics costs, could further increase the performance and
attractiveness of the last-mile urban system solution.

<< INSERT Table 6 here. Design criteria and service outcomes for the CCP-PCC ‘last-mile’ solution

4.2. Developing consumer design criteria

Within any specific urban system, the consumer is, generally, only concerned with drop point, pick-up
distance and destination point. All customer groups stressed the importance of a requirement for ‘high
convenience’, which includes reliability and flexibility, customer choice in changing the delivery time
and destination, longer operating and opening times, the option of parcel aggregation, and
dependable deliveries in narrow time windows. Critically, one respondent stated that service providers
should be ‘clear in what they can achieve’, in terms of reliability.

The three customer groups interviewed evaluated the performance of two PCC service modes
(pick-up and delivery), with communication channels via SMS and e-mail. The personal and friendly
contact initiated between customer and a local service provider brought added familiarity and a high
customer satisfaction rating, building a relationship through having a ‘personal touch’ and a ‘safe
environment’. The key critical point was service price (trade-off between consumer and service
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provider), whilst general negatives arising from the customer interviews were the (current) limitation,
with respect to the weight of delivery goods (< 25 kg), and the lack of an insurance option for high
value deliveries. However, customer interviewees were willing to pay a service price, for the pick-up
option, as it impacted positively on personal time management — one customer describing the saved
time as being ‘invaluable’, as it enabled him to ‘spend more time with family...” and removed a reliance
on neighbours’ accepting SME-related deliveries when not at home (the inconvenience of having to
‘bother the neighbours’). Others recognised environmental benefits through the electric vehicle
delivery option, stating that the delivery option was a ‘unique selling point’, which initially attracted
attention to the PCC service, with one consumer stating “...if there wasnt an electric vehicle delivery
option, | wouldn't use the service”. High performance of time flexibility and price sensibility were not
seen as critical factors in this case.

4.3. Developing industrial design criteria

In terms of the industrial stakeholder interviewees, discussions largely centred on social aspects (in
terms of infrastructure improvement, and reduction of community costs) and industrial efficiency
dimensions, focused on customer service outcomes and financial profit (which will only be achieved
with scale). Key interests of industry included creating ‘new revenue streams’, ‘increasing in-house
skills’ and ‘increasing own brand reputation’. Hence, main evaluation criteria should include measures
capturing innovation and new service development, e.g. the exploration of new business models and
‘opportunities for franchising’. It was noted that the key performance indicator of on-time delivery ‘first
time’ (with no damaged delivery good) achieved rates approaching 100%, during a peak 3-month
timeframe (at the time of the interviews).

Interests of the Green Business Forum (GBF) interviewees focused largely on the promotion
of green and local business, with outputs from the interviews illustrating more of a strong correlation
with institutional interests. Increasing customer satisfaction directly was, however, not viewed as
important as economic development. Main interest with respect to evaluation measures included
number of users, the growth of turnover, the growth of employees, revenue and margin.

4.4. Developing institutional design criteria

The process here involved a wide range of institutional stakeholders, with specific roles and
responsibilities within the local authority. Multi-organisational network (MON) concepts, and supply
chain mapping techniques led discussions on the identification of opportunities, constraints, common
interests and trade-offs, across the relevant institutional stakeholder groups, for the specific last-mile
solution. In addition, mapping of the decision-making processes of institutional actors to identify any
regulatory barriers/opportunities for successful adoption was conducted. Specific process and
performance/compliance requirements were explored, in terms of current and future institutional
obligations, for the individual institutional stakeholders and included: increased cross-functional
standardisation, enhanced communication streams, enabling a shift from ‘commissioning’ to
‘contracting’ and ‘advisory’ to ‘strategic’, driving public-private M&A/JVs, set-up of local authority
trading companies, ‘services’ selling, addressing an ‘over-specification’ of performance indicators,
development of an integrated model for re-tendering of contracts and improved contract management
and performance measurement.

Overall, interests of the institutional (LA) interviewees remain strongly linked to political targets
which include (i) the reduction and elimination of the negative side-effects of parcel transportation and
delivery, in terms of pollutants and maintenance costs, (ii) increasing the attractiveness of the urban
area for residents - in institutional terms, the maximisation of ‘customer’ satisfaction, (iii) facilitating
technology transfer and innovation, relating to economic development, especially in terms of local
businesses and (iv) to be seen to lead engagement activities between government, industry, and
academia. In summary, interests focus on improving the ‘reputation’ of the institutional stakeholder.

4.5. Developing consumer - industrial criteria
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Costs are the pre-dominant criterion, with the price for service use a trade off between customer and
service provider. Financial indicators, such as service price (including after delivery services, and
service changes after purchase), communication costs, or the compensation for low service
performances were identified as central to the common interest areas of consumers and industry.

4.6. Developing consumer - institutional criteria

Despite direct contact between customer and institution being minimal, indirect influence can not be
underestimated, in the context of the ‘last-mile’ - with the institution representing the interests of the
community, and the individual customer highly affected by the community he/she is living in. Direct
contact relates to pick-up distance for the customer. Depending on the distance to the pick-up point,
the type of the delivery good and the available means of transport, the customer may chose the option
to collect the parcel. This may generate, not only high extra costs for the customer, but also
exasberates issues that the institutional stakeholder seeks to prevent. Therefore, in this case both
may be interested in an additional closed collection point service option, as part of a solution re-
design.

4.7. Developing industrial — institutional criteria

Ten key criteria emerge in this space, namely, market growth, the number of operating vehicles,
vehicle km/parcel, load factor, level of traffic network integration, driver experience, load/unload times,
transport time, consumption rates and energy pricing (tax). Factors such as, the occupancy of the
consolidation centre, the average vehicle kilometres per parcel, the load factor, the number of
operating vehicles and the average transport time per parcel have the potential for conflict, due to the
fact that the industrial stakeholder attempts to satisfy the customer, accepting lower delivery
performance. The express delivery option, for example, bypasses the transit point with the aim to
reduce the total lead-time for the customer, who usually pays a higher price for this special service
feature. Attention must be paid to the average transport time per parcel, which emerges as a common
indicator for all three stakeholders. However, the higher performance of this indicator could have
implications on a longer consolidation time with the result being longer lead-times for the customer,
which is the only time he/she is interested in. This scenario illustrates the potential of the dynamic
framework, which may avoid such equivocations, through simple and clear indicator re-allocation.
Driver skills (experience), traffic network integration, or consumption rate are quality factors of ‘last-
mile’ logistics and, therefore, representative of the efficiency, which is performance driver for the costs
as well as for the environment.

4.8. Developing consumer — industrial - institutional criteria

Despite the three stakeholder groups having many different interests in a last-mile urban system
context, some common indicators have been be identified as part of the ‘last-mile’ solution e.g.
customer satisfaction (for example, number of attempted deliveries), customer complaints (in terms of
cost, quality, time, flexibility and reliability), range of services (i.e. 'green’ choice service options),
range of services (after-purchase options), deliveries on time (OTIF, % deliveries on destination
route), total damaged and lost parcels, handover and lead-times, delivery time window and frequency.
All participants want a delivery system with high quality. The range of services, representing the
customer’s satisfaction before purchasing, supports market growth or economic development, which
is important to the industry, as well as to the institution. Customer satisfaction after purchasing is
represented by the dimension reliability, which includes indicators such as lead-time deviation (or
delivery reliability), deliveries on time, damaged or lost parcels and customer complaints. These
factors are usually common interests, due to the fact that their low performance causes additional cost
for the delivery service and high dissatisfaction for the customer. A trade-off is the delivery frequency,
because a high frequency disagrees usually with the delivery efficiency, such as parcel kilometres or
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efficiency of vehicle use. High customer connectivity avoids unnecessary operations through, for
example, a quick reaction to order changes. Lead-time, handover time, delivery tries and delivery time
window are correlated to the efficiency of the delivery process. The delivery time window is a trade-off
between the customer and the other two stakeholders.

5. Conclusion and directions for further research

This study presents an approach to designing and evaluating ‘last-mile’ solutions, capturing
the social and economic interests, trade-offs and perspectives of key stakeholders within a specified
urban system. In terms of supply chain modelling and optimisation, much attention has been focused
on the development of chains and networks, often neglecting the first and last section of the chain.
While initiatives have already being implemented, there remains a lack of critical research at the
operational level, with no general approach to evaluating critical service outcomes and benefits (that
cannot be easily estimated by the provider, or validated by the institutional stakeholder). It is
proposed, that for such initiatives to be most effective, they will require more targeted evaluation
measures to be identified for individual stakeholder groups. Coming from an operations management
perspective, this research may better inform the critical evaluation of impact with respect to smatrt city
policies on operations management; in particular the adoption of smart city concepts, the identification
of opportunities and constraints with respect to all stakeholders.

A conceptual framework is developed that captures the key design factors to be considered by
industrial, institutional and consumer groups in the configuration of a ‘last-mile’ solution, with insights
on those design criteria and performance attributes that have a multi-stakeholder input. This subset, of
design factors and performance attributes, may enable more innovative solutions to address multiple
stakeholder objectives, targeting synergies and trade-offs for system-wide benefits. By empowering
consumers, with respect to ‘last-mile’ delivery options, the approach looks to break with traditional city
logistics development, by bringing more of an element of consumer participation and social input, in
order to develop more socially-efficient service outcomes — replacing a one-size-fits-all paradigm.

The approach is based on a set of design criteria, derived from supply chain and operations
management literature, and from examples of existing urban system solution implementations. The
design criteria identified were then categorised, from a multi-stakeholder perspective, and then
‘operationalised’ through an in-depth case study involving the design and implementation of a newly
established Consumer Choice Portal (CCP) and Package Consolidation Centre (PCC), within a
specific urban geography, as a means of developing a conceptual framework, by the triangulation of
multiple sources. Supporting analyses, based on supply chain mapping and multi-organisational
network concepts, further informed identification of a common and focused set of measures (from
hundreds of potential measures) that integrate the critical stakeholder groups, within an urban system
‘last-mile’, and identify synergies to promote a more collaborative approach to ‘smarter’ network and
solution design. Key findings from the case study have demonstrated the critical role of institutional
players in supply chain innovation, suggesting new policy approaches are required to facilitate/support
the design and implementation of novel solutions, as part of a more-partnered (as opposed to
regulatory control) approach. This, in turn, may enable the development and implementation of simple
and workable solutions in urban environments, which focus more on a collaborative approach between
institutional, industrial and end-customers. Outcomes from our interviews suggested that hybrids of
the three predefined stakeholder types exist, where there are common interests and trade-offs. Hence,
a comprehensive evaluation approach should include dimensions, for capturing all critical ‘touch
points’ and associated evaluation criteria, for each stakeholder.

Although practical smart city advancements are already being implemented in several sectors,
there is a lack of critical research on operations. This paper aims to close this gap by analysing the
connections between smart cities and operations management. In terms of theoretical contribution,
this research offers a valid contribution to the literature in the operations domain, especially in the area
of institutional stakeholder engagement. It is proposed that the role of institutional players, in the
governance of urban system ‘last-mile’ solution evaluation, design and implementation be re-defined,
or extended in order to support more outcome-oriented systems (with greater alignment on customer
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and industrial stakeholder interests). The conceptual framework development advances operations
theory in the area of service outcome-based performance measures at the industrial system level as
no construct currently exists which shows the relationship between the different measures and,
therefore, between the interests of the different stakeholders (institutional, industrial and customer).

In terms of practical contribution, many city-enabled operational initiatives fail to proceed to
the implementation phase because benefits may not be effectively (or correctly) evaluated easily. The
‘last-mile’ logistics design approach involving social and institutional criteria - introduced in this paper —
has business and economic implications for managers active in urban logistics and operations, and is
equally applicable in areas such of manufacturing, retailing, freight management and transportation.
Outputs from implementation of the framework can provide valuable supporting evidence for city
planners, supply chain designers, and B2C service providers to better understand alternative
solutions, within an urban environment (by using a multi-stakeholder/network perspective). It enables
stakeholders to evaluate performance implications of alternative service offerings, and to critically
evaluate the adoption of ‘smart city’ concepts. It is also set-up to enable differentiation between pre-
/post-implementation criteria to enable evaluation and re-evaluation in both stages - linking
performance of the solution in the design stage, with real performance in the post-implementation
stage of the project. The richness of assessed data lies in enabling a correlation of both stages and,
therefore, the improvement of evaluation quality in the design and re-design stage. Strategically and
operationally - in terms of institutional impact - the approach may also enable the introduction of social
institutions into city operations planning, through the promotion of hybrid public-private entities.

Finally, suggested directions for future research in this area centre on mechanisms for scale-
up/out and the exploration of partnership types with other supply chain actors (i) downstream with
public sector bodies and (ii) upstream with ‘competing’ couriers. In addition to extending the research
to a B2B context, future case studies will look to test the model in other urban systems (both nationally
and internationally) and identify the hard and soft factors that influence public sector approval, and
inform collaboration models, between private companies and public resources. Focus will look to link
the key processes and requirements of stakeholders, to inform the potential development of new
industry standards.
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Table 1

Consumer Industrial Institutional
Overview Design Definition examples 'Customer’ 'Inhabitant’ 'Shipper’ 'Freight ‘Local 'Regional
criteria Carrier’ Authority' Government'
Delivery Delivery to request and to-commit dates, order fill lead time,
performance throughput time, % of late deliveries, average lateness
Financial and Logistics cost Total logistics cost, Order management cost
Non-financial;
location of Asset Inventory days of supply, Days of sale outstanding
measures management
(Stewart, Flexibility Production
1995; Milgate,
2001) Responsiveness | Re-plan and make cycle times
Customer Time required to produce; Number of orders delivered on time;
responsiveness Number of units produced; Fill rate; Stock-out probability; Number
Performance of backorders; Number of stock-outs; Customer response time;
measure Average lead time; Shipping errors; Customer complaints
components Cost Manufacturing, distribution and inventory and total cost
(Beamon, ——
1998) Profitability Return on Investment (ROI)
Flexibility Volume, delivery, mix, new product flexibility
Location  of
measures and
decision Customer Flexibility; Customer query time; Post transaction measures of
making levels | service and | customer service; Customer perception of service
within supply | satisfaction
chain: Supply chain | Level and degree of information sharing, extent of mutual co-
strategic, partnerships operation leading to improved quality, extent of mutual assistance
tactical, in problem solving efforts
operational, Delivery Delivery-to-request data, delivery-to-commit date, order fill lead
measurement | performance time, number of faultless notes invoiced, flexibility of delivery
base systems to meet customer needs
(Gunasekaran | Finance and | Total distribution cost, delivery lead time, cost associated with
etal. 2001) costs assets and RO, total inventory cost, total cash flow time
Production level | Range of products and services, effectiveness of scheduling
measures technigues, capacity utilisation
Planned order | Order lead time, Customer order path
procedures
Quality Including Customer satisfaction; Technical assistance; Returned
Financial and | performance goods
Non-financial Cost Including e.g. labour and energy costs, material consumption,
(De Toni and | performance inventory and WIP levels)
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Tonchia, Internal and | Including e.g. Total productivity, working capital productivity, value
2001) external time | added productivity, time to market, overall lead times, delivery
performance reliability, supplier reliability, Inventory turn-over, Order carrying-
out time
Sustainable Customer e.g. Green products, Product safety, Recalls, Customer returns,
balanced measures Unfavourable press coverage, % products reclaimed after use,
score card Functional product eco efficiency
(Epstein  and | Financial e.g. Capital investments, Operating expenditures, Disposal costs,
Wisner, 2001) | measures Recycling revenues, Revenues from green products, Fines and
penalties, Cost avoidance from environmental actions
Internal e.g. % production and office materials recycled, Certified suppliers,
processes Accidents and spills, Internal audit scores, Energy consumption, %

facilities certified, % product remanufactured, Energy use,
Greenhouse gas emission, Hazardous material output

Learning and
growing

e.g. % employees trained, Community complaints, % renewable
resource use, Violations reported by employees, Employees with
incentives related to environmental goals, Functions with
environmental responsibilities, Emergency response programs

Temporal Customer Market share, repeat sales level, customer retention, customer
scale, perspective satisfaction, perceived quality, brand equity, number of customer
financial and complaints
location of | Financial Profit, revenue, EVA, ROI, ROA
measure perspective
(Yeniyurt, Innovation New product development cycle time, number of new products,
2003) perspective number of and revenue from new products, number of process
innovations margin

Organisational Market orientation, employee training hours, employee turnover

culture/climate rates, employee satisfaction index
Supply chain | Delivery e.g. delivery performance, fill rate, order fulfilment lead time,
operations reliability perfect order fulfillment, value-added employee productivity
reference Cost e.g. total logistics management cost, warranty costs)
ET?(%OeIR)(Huan Assets e.g. cash-to-cash cycle time, inventory days of supply, inventory
etal., 2004) ___ ums_

Flexibility Production

Responsiveness | Supply chain
Financial and s;r?]imiﬂns e.g. Sales per employee, Profit per employee, ROI, ROCE
Non-financial - - - -
(Webster et N_on-fmgnmal N_atu_re _of ope_ratlons manageme_nt, extent of outsourcmg,
al., 2004) dimensions dlstr[butlon of internal competencies, form of supply chain

' relationships

Sustainable 11 measures which includes e.g. Population density, Economic
transportation Economic efficiency, Employment accessibility measures, Public expenditure,
measures Growth potential, Green GDP, GDP per unit of energy use, Tax
(Jeon and revenues, Employment-to-population ratio
Amekudzi, Transportation- 64 measures which include e.g. Passenger-kms (by mode,
2005) related purpose), Freight ton-kilometres (by mode, purpose), Total kms
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driven, Commute cost, commute time, Quality of public transit
service, integration with other modes, Public transport
performance

Environmental

67 measures which include e.g. CO2 emissions (by mode),
Greenhouse gas emissions, Fossil fuel consumption, Per-capita
use of transportation energy, Emissions of air pollutants (from
Transportation Vehicle and Equipment Manufacturing)

Safety-oriented

6 measures, which include number of injuries, fatalities, accidents

Social-cultural,
equity-related

29 measures which include e.g. Accessibility for those without a
car, Residential population exposed to outside road traffic noise,
Community disruption, Regional access to markets

Stages in
supply chain
(quantitative
or qualitative)
(Shepherd
and Gunter,
2006)

28 measures which include e.g. Total costs, Shipping errors,
Delivery efficiency, % accuracy of delivery, Product lateness, % of
on-time deliveries, Delivery reliability, Number of on-time

Deliver deliveries, Driver reliability for performance, Quality of delivery
documentation, Delivery flexibility, Responsiveness to urgent
deliveries, Transport flexibility
Warranty/returns  processing costs, Customer query time,

"Return Customer satisfaction (or dissatisfaction), Level of customer

/Customer perceived value of product, Customer complaints, Rate of
satisfaction" complaint, Product quality, Flexibility of service systems to meet

particular customer needs

Location of
measure,

financial and
non-financial
(Zhou and
Benton, 2007)

Planned  order
procedures

Order entry method, order lead time, customer order path

Customer
service and
satisfaction

Flexibility, customer query time, post transaction measures

Partnership
related
measures

Production level
metrics

Range of products and services, capacity utilisation, effectiveness
of scheduling technigues

Delivery related
metric

Delivery performance evaluation

Supply chain
finance and
logistics cost

ROI, ROA, Total inventory cost

Information
sharing

Operation and
information
(Devaraj et
al., 2007)

Operational
performance

% returns, % defects, delivery speed, delivery reliability,
production cost, production lead time, flexibility

Production
information
integration;

e-Business
capabilities

Sustainability

Green measures

Environmental condition indicators, operational performance
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measures 1ISO
14031 (2013)

indicators, management performance indicators

Relational as
well as cost
and

Degree to which

Relational (e.g. Shared goals and objectives; Relationship
management Shared decision making and control); Fiscal (e.g.

quantitative . .| Risk and benefit sharing); Compound (Risk management);
a multi- . N S A
measures - Operational (Synchronisation of operations; Joint improvement
8 organisational R . . h

(Harrington et network’ is plans); Time, Asset (Responsiveness); HR (Allocating and
al., (2012); intearated prioritising resources; Utilising collective manpower; Utilising
Harrington 9 collaborative expertise); IT/Relational (Data Sharing;
and Srai interoperability; efficient IT systems)

(2016a)
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Table 2

Consumer perspective

B2C 'last mile' - defined by a specific urban system

. . . - Upstream . . Transportation . Pick up A .
Dimensions o 3 .
Design criteria logistics Transit point to drop point Drop point distance Destination point
Pick up cost Pick up cost Service price
Service price No. of pick ups Communication costs
Performance Communication costs = - = Comgjxsi:s?;vg; poet
Cost )
Compensation for poor (irsuEes)
service levels
Utilisation Pick up connection = = = Means of transport
Complete order tracking Single point of contact
Service point availability
Friendly and competent ungggftzzogvzfnts
service point Complete traceability
Information = = =
Information quality:
completeness, ease of
Customer connectivity understanding,
personalisation,
Quality relevance, security

Material flow

Pick up distance
Availability of required service

Pick up distance
No. of pick ups

Availability of:
- required service
- reverse logistics
- attended delivery

Service Additional services - - - Additional services
Total lead time Total lead time Pick up time Handover time
Time Process H.andover time - - - Delivery frequency
Delivery frequency
Pick up time
Pricing models Range of prices
Cost Drop point connection - - - Means of transport (services)
Payment options Payment options
Quantity/size of goods
Volume (options) = = = Storage space Quantity/size of goods
Delivery of goods (type) Range of services
Flexibility Customised services Storage characteristics Types of goods
Range - green option - - - Drop point options 'Green' option availability|
- after purchase options After-purchase options
Delivery directions (Time, destination)
Delivery time window
Ti Accessibility of drop point Delivery time window Availability of Accessibility of service
ime - ; ; - - - ) ) h . .
Accessibility of service point Pick up time window transport options point
Availability of transport options|
Cost Additional costs = = = Communication costs
Time Qellver!es on-time ) - o - Service point contact time|
Service point contact time
Reliability
Total lost parcel rate Total lost parcels
Place Deliveries to destination - - - Deliveries to destination
Quality Total damaged parcel rate - - - ) GRS

Failed deliveries
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Table 3

Industrial perspective

B2C 'last mile' - defined by a specific urban system

Material flow

Standardisation

consolidation skills

Dimensions Design criteria Upstream logistics Transit point Transportation to drop Drop point Pick up Destination point
point distance

Revanue Parcel kms Occupation rate Parcel kms Revenue
Operational costs Consumplion rate Consumplion rale

Parformance | - EVA Load factor {weight, size) Load factor (weight, size)

Cost - ROI Efficiency of vehicla use Efficiancy of vehicle use

- ROA Fepair Mai Fepair Mai
Assals Labaour Labour Labaur Labour {Pick up distance = 0)

Utilisation | - fixed cost Vehicles Buildings Vehicles Buildings Labaur
- variable cosls Faciliias Facilities Facilities
Inbaund connectivity Traceability Tracaability Traceability Traceability Communication channals
internal irm connactivity A ible traffic i ion |G 1855 of Accessible tralfic information Senvice use

Information | Traffic netwerk intagration | Timalinass, security delivery data Timeliness, security
Custamer connaclivity
Service use
Transport technology Transport vehicle (av. age)  |Age of facililies

Quallty Labaur guality Driver experience Distribution,

Customer satisfaction
(defined by customer)

Customer

Sarvice Service usa/parcel
Market share
Total lead tima Upstream leadlima Swilching lime Telal lead lime Sarvice lima
Delivery frequency Transpart lime Throughput time Loadiunload time i
Procass limes Cansolidation time H tirme times ete.)
Time Process |{ransporl, consclidation, Storage lime Delivery fraguency
throughput, storage,
apening, handover,
loadiunioad, servica)
Cost Variablefixed costs Variableflixed costs Variablefixed costs i cosls lafixed costs
Delivery of goods Slorage space
Volume  |{number, size)
Capacily
Delivery of goods Storage characteristics Range of sarvices
Flexibility Range |lvPe) Drop point options
Range of sarvices
Assignment of amployess
Operating time Accassibility ime windaw
Time Labaur time Labaur contract
Delivery tima window compaosition
Accassibility ime windew
Cost Real costargel cost Real cosliarget cost Real cositarge! cost [Feal costlarget cost |Real costilarget cost lower performance costs
Growth Growth (ravenua dalla)
Process time devialion Upstream leadlime deviation |Switching time devialion Total leadtime deviation
Time Delivary ries Transport lime deviation Throughput time deviation Handaver lima deviation
Deliveries on-time Dealivery tries (av.)
Reliability Deliveries on-time (av.)
Total lost parcel rale Tolal losl parcel rate
Place Deliveries 1o destination | Lost parcel rate Last parcel rate Lost parcel rale Daliveries to dastination
(rate)
Quality Total damaged parcel rale | Damaged parcel rale Damaged parcel rale Damaged parcel rale Damaged parcel rate Customer complaints

29



Table 4

Institutional perspective B2C 'last mile' - defined by a specific urban system
Dimensions Design criteri Upstream logisti Transitpoint | Transportation to Drop point Pick up dista Destination point
imension: sign criteria pstream logistics nsit poin drop point rop poin ick up distance nation poin
Travel tima (peak) Travel ime (peak) Pick-up (by vehicla)
Reduction of congestion Wehicle cocupancy Wehicle occupancy Traved time (peak)}
Mo. af operating vehicles Ma. of operating vehicles Ma. of pick-ups
Driver traini i ini
Reduction of road accidents b ) iy ha'"m_g ) Na. of pick-ups (by vahicls)
Social Mo. of aperating vehicles MNo. of operating vehicles
ocia Vehicle kms/parcel Vehicle kms/parcel Pick-up distance
Reduction of freightitraffic 2 » 0 . n
volumas Operating vehicles Dperating vehicles Pick-up by own vehicla
O of vehicles (av.) [a] of vehicles {av.)
Redustion of interfarances Congestion Parking Caongestion Parking Congestion
Road i L times Road accidents Loadiunload times Road accidents
Increase in low-emission vehicles| Emission rate (av.) Emission rate (av.)
Technological "
og .Houilng. scl'twa.ra Software implamenatation
innovationtraffic network
. N rates
integration
Ne. af operating vehicles Na. o operating vehiclas
Reduction of land usa Vehicls pocupancy Warehouse occupancy AR Dceupancy of drop bax
Reduction of resource usa Wehicle kms/parcel Water use Vehicle kms/parcel Water use Pick-up distance (by vehicla)
(fuel, water. anargy) Consumption rata Energy use Consumgption rata Enargy use Consumption rate
3 Fuel type Fuel type Fuel type
Environmental Mo. of operating vehicles Mo. of operating vehicles
Reduction of noise emissions Traffic spead Traffic speed
Wehicle characteristics Vehicle characteristics
) Vehicle kms/parcel Vehicle kms/parcel
Reduction of pollutants -
rate 1 rate
Travel tima (peak) Travel ime (peak) 'ﬁckdup (by vehicla)
Reduction of congestion Veshicle secupancy shicle secupancy Travel time (peak)
Mo. of operating vehicles Mo. of operating vehicles Mo. of pick-ups
" Driver training Driver training ; .
Reduction of raad No. of aperating vehicles No. of aperating vehiclas e G et LA )
Raduction of freighttraftiz \."ehlc\a. kmsiparcel Vehcle. kms.l'p.arcal P!ckdup distance .
volumes DOparating vehicles Dparating vehiclas Pick-up by own vehicla
O of vehicles (av.) Occupancy of vehicles {av.)
" . G Parking Congestion Parking Congestion
Reduction of interfarancas Road L times | Road acei Loadiunload times | Aoad acci
Frecuction of land No. of operating vehicles |- No-of operaling veficies | o drop ba
Economical eduction of land use Vishicls occupancy arshouse accupancy |, ceupancy of drop box
Reduction of resource usa Vehicle kms/parcel Water use Vehicle kms/parcel Water use Pick-up distance (by vehicle)
(fuel, water, energy) Consumption rata Enargy use Caonsumgption rate Energy use Consumption rate
Fuel type Fuel type Fuel type
Mo. of operating vehicles Mo. of operating vehicles
Reduction of noise emissions Traffic speed Traffic speed
Wehicle Vehicle cf
Reduction of pollutants \."erflc\fa kms/parcel Vehicle kms/parcel
rate 1 rate
Decreasing investment Assels Assets Assels
Increasing revenue wih (revenus)
Rasponsibla bahaviour B 1 than the norm Batter than the norm Better than the norm Better than the norm
Craation of new employment Mo. and type of new job Mo. and type of new Mo. and type of naw job Mo. and typa of new job
Political opportunities opportunities job opportunities opportunities opportunities
R § N Range of services
R i F life standard:
aise qualy of lfe stan N Customer satisfaction
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Table 5

Interviewee | Perspective Description
1 Customer Archetype A uses service exclusively for personal goods delivery, using both ‘delivery’ and 'pick-
archetype A |up’ options — representing a general consumer perspective
o Customer Archetype B uses 'pick-up’ service in the context of e.g. small-to-medium sized enterprises
archetype B |(SMEs) that may be run from a home residence — representing a ‘consumer-industry’ perspective
3 Customer Archetype C uses service exclusively for personal goods delivery, via the sustainable vehicle
archetype C  |service option
4 Industrial Managing Director, Courier firm and PCC operating company
5 Industrial Operations Director, Courier firm and PCC operating company
6 Industrial Technology developer, responsible for PCC portal and real-time vehicle tracking software
elements of the 'last-mile' solution
7 Industrial Green Business Forum (GBF) officer (GBF is a partnership between local businesses and the
local authority within the geographical area of the case study)
8 Institutional  |LA, Local Authority officer responsible for the Planning Environment in which the PCC operates
9 Institutional LA, Local Authority officer responsible for Technical Standards in the geographical area where the
PCC operates
10 Institutional LA, Local Authority officer responsible for Infrastructure Delivery in the geographical area where
Itutr the PCC operates
1 Institutional I‘;A, Local Authority officer responsible for Highways in the geographical area where the PCC
perates.
LA, Local Authority officer responsible for the Traffic Division in the geographical area where the
12 Institutional  |PCC operates. Specific interests include journey time reliability, vehicle mapping, road network
flows and traffic network integration
13 Institutional LA, Local Authority officer responsible for Procurement and supplier pre-qualification in the
geographical area where the PCC operates
14 Institutional  |LA, Regional business development officer in the geographical area where the PCC operates
15 Institutional  |National funding body officer
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PPC Figure 1.8

INDUSTRIAL

* Financial profit (scale required)
* Infrastructure improvement

* New revenue stream generationl
* In-house skills development®

* Building own brand reputationl
* Innovation levels@

* New service development®

* Opportunities for franchising

* Compensation (low service performance),

* Customer Connectivity®
* Drop point options

* Service Pricel

\* Communication costs@

* Customer satisfaction
* Customer complaint
* Range of servicest

* Deliveries on-time@

* Total damaged parcels@

* Total lost parcels@

* Handover time (deviation)®
* Lead-timef

* Lead-time (deviation)&
* Delivery time windo
* Delivery frequency@®

* Customer choice
* Familiarity®

* Parcel aggregation@
* Personal and friendly contact
* Supporting local service provider(s)

e

* Means of transport for pick-up /’
* Pick-up distance (by vehicle)a /
* Transport cost for pick-up@

N\,
* High convenience — flexibility, reliability b
* Insurance option(s) - high value deliveries B ™.

. - o
\\\\ CONSUMERS v
S~ 7 e

Table 6.

* Market growthe
* Number of operating vehicles
* Vehicle km/parcel®

* Load factor

* Traffic network integration®

* Driver experiencel
* Load/unload times®
* Transport time®

* Consumption rates@

* Energy pricing (Tax)@

/*Maximising ‘customer’ satisfaction
* Technology and innovation transfer
* Reputation®
* Promotion of local (‘green’) business@
* Economic development®

INSTITUTIONAL
/

o e
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Consumer Choice Portal-Package Consolidation Centre (CCP-PCC) 'last-mile' solution

Design criteria

Service Outcome options

Customer satisfaction - no. of atternpted deliveries

Customer complaints (Cost, Quality, Time, Flexibility, Reliability)
Range of Services (i.e. 'Green' choice service options)

Range of Services (after-purchase options)

Deliveries on time (OTIF: On-Time and In-Full)

Deliveries on time (%t deliveries on destination route)

Total damaged parcels

Total lost parcels

Handover time (handover time deviation)

Leadtime (leadtime deviation)

Delivery time window

Consumer - Industrial - Institutional

Delivery frequency

=3 |

3 . 2 1+

=X

X 0

'Green' options not available

| 'Green’ options available * .

Not available . Assembly Installation
<70% > 70% =100%° @
<70% > 70% ' ->100% *
> 5% ® - > 0%
> 5% <5 @ > 0%
= 4 hours 4 hours 3 hours . 2 hours 1 hour <=1 hour
=4 days 4 days 3 days 2 days . 1 day < 1 day
=>4 hours . 4 hours 3 hours 2 hours 1 hour *
<1/day 1/day > 1/day *

Compensation (low service performance)

Options not available

| Options available

g Customer connectivity - information (quality, completeness) None . Tracking on demand Tracking by notice
'§ Customer connectivity - communication None | FPhone Fax | Paper e-mail SMs* .
E Customer connectivity - contact time =5 mins . < 5 mins < 1min =10 sec
L Drop point options - place of delivery Meighbour Customer home * . Pick-up station *
g Drop point options - pay on delivery option Not available Cash Electronically * .
5 Service Price (delivery price) Price for access options Price per 'Green' options ’ Price per expedient options
8 Service Price (pick-up cost) Free (promotional oﬂer)q =EX | < £X
Communication costs Free (promotional offer) . < BX
Means of pick-up Walking * l Cycling * | Own vehicle* Taxi Bus | Other
Pick-up distance = 500 metres ’ <500 metres 0
Transport cost for pick-up <£X ‘ =£X 1]

High convenience - Accessibility, pick-up window

High convenience - |dentification

High convenience - Attendance (familiarity, personal)

High convenience - Service centre

Customer choice (portal-enabled)

Customer choice (insurance options for high value deliveries)
Parcel aggregation (MNo. of parcels per delivery)

Parcel aggregation (Return shipment)

Parcel aggregation {Allowed parcel weight)

Consumer - Institutional and Consumer

Parcel aggregation (Storage/aggregation time)

Mon-Fri: 7am-Tpm; Saturday: 7am-6pm; Sunday: 10am-4pm *

|D-card . | Custormner card Access code | Biometrics.
Unattended Attended*
Not available [ ) | Available

Access options | 'Green' options * . Expedient options®
Not available ® | Avallable
<5 =5

Not avallable o | Available

Up to 25kg* .

Up to 7 days* .

Current levels of service outcome

Current stage of last mile solution implementation

Targeted last mile solution outcomes *denotes already demonstrated
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