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Urban freight distribution:
Assessing time e Lciehcy of daily activities for future development of
medium-duty electric vehicles

ANDERS LEVANDI

JIMMY MARDBERG

Department of Technology Management and Economics
Chalmers University of Technology

Abstract

The increasing amount of goods required by the intense urbanization has triggered
a considerable growth of urban distribution. To meet the increased demand, this
Master’s thesis seeks to map and quantify the duration of activities that take place
in a typical urban distribution tour for medium-duty trucks, and identify potential
actions to enhance the time e [ciehcy of these activities. Thereafter, the aforemen-
tioned findings are combined with a research in the advancements of all-electric
vehicles to see if their characteristics fit with the existing demands in urban freight
distribution.

The methods used for data collection involved both field and desk research. Primary
data was collected through a time study with Company X’s truck drivers. The time
study was supplemented by distribution route tracking and interviews with 17 dif-
ferent participants. The interviewees consisted of operational and managerial level
participants from Company X, and experts in the electric driveline technology. Ad-
ditionally, secondary data was gathered through a revision of Volvo Group Truck
Technology’s internal documents.

31 work related activities for truck drivers were identified and classified into six
categories. The categorization was based on the location where the activity took
place. Observations envisage that there are notable time di [erences among the ac-
tivities. Driving and breaks accounted for the vast majority of the truck driver’s
time consumption (44.5 percent). 15 improvement initiatives were proposed to en-
hance truck drivers’ safety and increase time e [ciehcy in urban distribution. In
addition, the average driving distance was 63.9 km. The research revealed that
existing electric powertrain technology is able to address the transport operators’
distribution demands in the Gothenburg area. As of today, no major infrastructural
changes are necessary to utilize all-electric fleets.

Keywords: urban freight transportation, medium-duty trucks, battery electric ve-
hicles, time study, route tracking, sustainability
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Introduction

This chapter provides an introduction to the Master's Thesis. The chapter starts by
providing the background and the main problems regarding urbanization, followed
by the formulation of the purpose and problem analysis that motivated the research
in this thesis.

1.1 Background

In the recent past, urbanization has experienced signi cant growth, which has pro-
pelled the demand for global supplies. The development has raised numerous dis-
tresses as cities are already responsible for above 80 percent of the global domestic
product, are accountable for more than 70 percent of global greenhouse gas emis-
sions, and use roughly 67 percent of the world's energy (The World Bank, 2016).
The industrialization in the mid-nineteenth century contributed with mechanisms
enabling a development of cities (More, 2000). Since then, cities have developed into
more dense residential areas. Currently, about 54 percent of the world population
live in urban environments and the rate of urbanization increases by approximately
2.1 percent annually (CIA, 2015, United Nations, 2008). Therefore, the urbaniza-
tion trend is indubitable and implies an increased demand of supplies in urban areas
(Carter et al., 2015).

The increasing amount of goods required by the intense urban activity has triggered
a considerable growth in urban distribution (McKinnon, 2015). In 2004, urban
freight activities in London were responsible for the movement of 200 million tons of
goods (Schoemaker et al., 2006). In addition, urban freight activities also involve a
large number of trips: 643,201 trips in NYC Metro area (Sanchez-Diaz et al., 2016).
These gures are clear indicators of the necessity for comprehensive logistics services.
To successfully manage the overly-rapid urbanization rate there is a need for a
sustainable logistics system which takes into account all stakeholders' requirements
and satis es their needs. In general, satisfying all stakeholders is an immensely
complex task due to di erent preferences for all of the participants (Lindholm, 2014).
Consequently, the development of an overall consensus solution in urban distribution
is di cult.
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The increased demand of urban distribution causes growing issues regarding trans-
port congestion and environmental degradation (BBC, 2014). Even though freight
transportation represents 8-15 percent of total tra c, its external e ects are sub-
stantially higher with greater in uence on air quality and noise pollution, and higher
congestion during freight distribution. This is because majority of the urban logis-
tics vehicles are powered by conventional internal combustion engines which run on
non-renewable fossil fuels, thus imposing greater risks than alternative vehicles run-
ning on renewable fuel (MDS, 2012). Policy measures such as environmental zones
and o -hour deliveries have been established by the authorities to reduce the impact
of the ongoing trend (Dablanc, 2007). These measures in uence urban distribution
and forces companies to streamline their operations in terms of time consumption
and environmental impact. To create an appropriate urban distribution approach,
identi cation and formulation of potential improvement areas for urban distribution

of goods requires a holistic view combined with in-depth analyses.

At present, the Volvo Group Trucks Technology is developing new freight transport
solutions for urban environments. The research and development include new vehi-
cle technology such as alternative fuels. According to Volvo, one potential solution
for the aforementioned challenges involve electric driven medium-duty trucks, which
could operate in the urban freight distribution. Grauers et al. (2013) claim that
electric vehicles are one of the main technological solutions considered to reach envi-
ronmental goals. Nevertheless, since the key obstacle of electric vehicles is associated
with driving range, it is important to study how the limited range a ects the overall

time e ciency in urban distribution.

Reducing congestion and the environmental impact of urban freight activities re-
quires a combination of new technologies and actions that lead to e ciency im-
provements (McKinnon, 2015). Improving the time e ciency of activities create
savings for the transport operator as more value creating activities can be per-
formed throughout the day with the same amount of resources. For instance, reduc-
ing the time spent on planning, loading, unloading, and driving results in additional
available time for truck drivers to perform more activities. Thus, the transport
service provider can reduce the amount of necessary trucks without a ecting the
service level. Furthermore, it alleviates congestion and lessens environmental im-
pacts. These general savings do not only benet the transport operator, as other
stakeholders such as receivers and authorities would also be able to increase their
savings (Lindholm, 2014). To make this possible, it is necessary to study how time
Is spent in a typical urban distribution tour and how time losses can be reduced to
upturn time e ciency.
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1.2 Purpose

This thesis seeks to map and quantify the duration of activities that take place
in a typical urban distribution tour, identify potential actions to enhance the time
e ciency of these activities and analyze potential implications of the limited driving
range of electric powered trucks on time e ciency.

The rst objective of the research is to provide an overview of the current activities
of a truck driver in urban distribution. There is an on-going project at Volvo Group
Trucks Technology, EL-FORT, which aims to foster an advertising campaign for
Volvo's electric driven trucks. In order to facilitate the project's progress, analyses
and quanti cations of the current urban distribution activities must be conducted.
The results of this thesis will give the company a stronger basis for future decisions
in research and development of urban distribution system solutions, which includes
the development of electric and autonomous vehicles.

At present, time studies on medium-duty truck drivers' activities in urban distri-
bution are almost non-existent, and as time e ciency is of high importance, this
further highlights the necessity for such research. Therefore, the second objective is
to present feasible solutions to increase time e ciency in urban distribution.

As the distribution routes will be tracked, the third objective is to analyze the

implications of exchanging conventional internal combustion engines (ICEs) with
battery electric vehicles (BEVs) in terms of driving range, and what adjustments
might be necessary to promote a successful change.

1.3 Problem analysis

Volvo has raised concerns regarding the time e ciency of the urban distribution
activities and claims that there are signi cant potential time savings to be gained.
As this thesis seeks to identify non-e cient activities and propose suggestions for
optimization, three main research questions have been established. The questions
are presented one by one, followed by a short description.

" What are the activities that take place in a typical urban distribution tour?
What is the purpose of each of these activities?
How can these activities be categorized?

The rst research question aims at identifying and mapping all activities related to

a typical urban distribution tour. The sub-question comprises a categorization of
all activities according to their characteristics. In order to answer these questions, a
comprehensive eld study will provide the necessary data to the research. Further-

3
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more, categorizing the activities will be based on the location and character of the
activity. The ndings from the eld study will be the foundation of this research.

Which activities can be optimized to increase time e ciency for truck drivers?

What could be potential solutions to increase time e ciency for these
activities?

Secondly, it is important to optimize activities as they contribute to additional time
consumption. Potential areas for improvement will be highlighted and suggestions
of feasible solutions to increase the time e ciency for truck drivers and transport
operators will be presented. The collected data from the eld studies and the inter-
views with urban logistics operators contribute to responses for the second research
question.

N

Would the current distribution route change if BEVs are utilized?
Are current routes appropriate for electric trucks?

Finally, as the electric vehicle is one of the main technological solutions to reach
environmental goals, it is bene cial to align the suggested improvements with its

characteristics. The last research question will highlight route related decisions as
the trip duration is one of the most critical factors for BEVs.

Answering the research questions will allow to formulate and present proposals for
improvements. The suggested enhancements will allow higher time e cient activities
for truck drivers, increased vehicle utilization, better distribution tour planning and
routing, and decreased tra c related issues, e.g. parking and congestion.

1.4 Limitations and delimitations

In order to maintain a coherent content throughout the thesis, certain delimitations
were set. Although there exists links of transportation between all the entities in
a supply chain, this research will solely look at the link between the third party
logistics (3PL) supplier and the customer (see gure 1).

Figure 1: Ultimate supply chain (Mentzer et al., 2001)

4
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The core focus of this thesis was to investigate freight transportation. All other
means of transportation were thus excluded from this report. Furthermore, the
focus on urban distribution justi es that the tours selected for the study took place
mainly in the metropolitan area of Gothenburg, Sweden. Given the unsustainable
characteristics of urban distribution, BEVs represent a great opportunity to decrease
the adverse e ects. As the technology is limited to a speci c range and capacity, an
urban environment suits these vehicles and the improvement suggestions are most
applicable.

There are numerous analyses and examples of light-duty vehicles attending the needs
of urban customers. To provide an original approach, thus increase the overall value
of this report, these types of vehicles are excluded, and attention is only provided to
medium-duty trucks with gross weight between 12-18 tons. Another reason why this
type of delimitations was done is that many of the light-duty vehicles serving the
urban environment already possess more sustainable powertrains than ICEs. This
means that improving the time e ciency regarding a truck drivers' daily routine,
who uses a medium-duty truck with a higher capacity and is powered by an ICE,
has a bigger impact on the environment.

Another delimitation to take into account is the truck driver and the activities
which occur during a normal distribution route. The focus will be to look at what
reoccurring events take place. Other random activities that only occur occasionally
will thus be excluded from further analysis.

Furthermore, the data obtained through route tracking will be used to evaluate the
amount of stops made by the drivers, the average speed throughout the distribution
tour, but also total distances. Route optimization calculations are not within the
scope of this report.

Regarding the limitations, a signi cant feature is the time constraint. The time
limitations a ected the intensity of the empirical study. As the thesis is conducted
over a course of a limited period of time, the research subjects were limited to one
city and one 3PL, i.e. Company X. Consequently, private transportation, other
3PLs and the distribution in other cities are not discussed.

Even though there exists a vast amount of literature addressing urban freight dis-
tribution, the existing time measurements do not involve such a high detail and
accuracy as the one involved in this research. Therefore, this limitation did not
provide the researchers an opportunity to juxtapose their ndings with previous
studies. This issue resulted the theoretical framework to address time studies in a
general manner.
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1.5 Thesis outline

Literature review This chapter dis-
plays the theoretical framework pertinent
for the research with the goal to introduce
a wider perspective of the study area and
portray what needs to be examined in
furtherance of ful lling the research pro-
cess. It comprises de nitions, describes
freight distribution and urban freight
transportation, including an overview of
a ected stakeholders with potential side
e ects and external costs of urban distri-
bution. Thereafter, gives an overview of
the current status in electric powertrain
technology. The chapter is concluded
with an overview of the parameters used
for value of time calculations.

Method This chapter presents the
design of the research, describing how
the empirical study, data collection, and
literature review were conducted. This
encompasses data collection methods
such as time study, route tracking,
semi-structured interviews, and company
internal document review. Thereafter,
the quality of the data is assessed by
discussing the reliability and the validity
of the ndings.

Figure 2: Thesis outline

Empirical study This chapter presents the ndings from the interviews with
the drivers and managers at Company X. The ndings will give an overview of the
focus company's current situation as well as the future visions which the company
is striving towards.

In addition, the empirical study chapter comprises all the data obtained from tim-
ing the daily routine of the truck driver. The activities will be described as detailed
as possible to provide better analytical capability. Thereafter, the results will be
categorized accordingly. This is the backbone and main focus of the thesis. Fur-
thermore, the range of all the routes will be tracked with a GPS tracker, to achieve
a possibility to collate the results with the characteristics of electric vehicles.
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Analysis  This chapter focuses on pinpointing the non-value adding activities
which can be optimized in order to increase the e ciency of the truck driver's daily
routine. The potential e ect and feasibility of the proposed list of improvement
suggestions will be analyzed. In addition to this, the analysis will contemplate the
scenario of replacing current ICE driven distribution trucks with BEVs. This will
examine if current distribution routes are already appropriate or need to change in
order to adjust to the characteristics of BEVs, mainly limited to driving range. The
material presented will be a combination from the literature review chapter as well
as the empirical study chapter. This part will also formulate solutions drawn from
the analysis.

Conclusion  The nal section summarizes and presents the purpose of the study,
assesses the quality of the research and presents recommendations for prospective
future research.
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Literature review

This chapter will present relevant literature used for research purposes. The under-
lying objective is to introduce a wider outlook of the study area. The covered topics
will help to outline what needs to be studied in order to ful Il the research purpose.
Firstly, the characteristics of freight transportation, and road transportation in spe-

ci c are described. Thereafter, the main objectives, a typical distribution tour, the
performance measures of the urban freight system are discussed. The subchapter
also describes the stakeholders and the side e ects of urban logistics. Subsequently,
the current state of electric vehicles and the advances in all-electric freight distribu-
tion eets are elaborated. Lastly, the parameters for cost calculations of time are
presented.

2.1 Freight transportation

As described by the European Commission (1999), the basic function of a transport
system is to overcome geographical barriers that prevent interaction between people,
businesses or countries. This statement and the de nition of transportation includes
both freight transport and personal travel (Merriam-Webster, 2016b).

Every day people consume goods: groceries, clothes, furnishings, hygiene products,
cars, computers, and many other products are manufactured for people worldwide.
Freight transportation enables people to have access to these products, both in
terms of location and time (OECD, 2003). Location and time are major parameters
related to e ciency and responsiveness. Chopra and Meindl (2013) describe freight
transportation as the movement of items in-between di erent stages along the supply
chain (see gure 1). A faster movement corresponds to an increased responsiveness,
which often entails poorer e ciency due to lower |l rates. On the other hand,
slower movement is generally more e cient, but lacks agility.

The speed of freight transportation is not only dependent on the choice of transport
mode. Wandel et al. (1991) present a three layer model of freight transport (see
gure 3), stating that the material (freight) ow is dependent on the transport ow,
which in turn is reliant on the infrastructure. There is a need of moving an item in
the freight ow between processes such as production, assembly and storage (Mar-
tinsen, 2011). The transport ow supplies a load unit ow where the item can be

9
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carried. In other words, necessary equipment and vehicles are provided in this layer.
At the same time, in order to enable transportation movement, there is a need of a
functional infrastructure where tra c can take place. A limited infrastructure ca-
pacity reduces the speed of transportation as circuitous roads and congestion hinder
the accessibility (Lumsden, 2007). Consequently, both the e ciency and responsive-
ness are aected. In short, the transport market contributes with equipment and
vehicles while the tra ¢ market generates the possibility of movement.

Figure 3: Three layer model (Wandel et al., 1991)

As mentioned in the previous paragraph, freight transportation cannot exist without
the required equipment and vehicles. Lindholm (2012a) argues that resources are
fundamental necessities to make the movement of goods valuable in terms of time
and location. This value of freight transport is increased when certain criteria is
guaranteed such as delivering the right product to the right customer in the right
guantity, in the right condition, at the right cost, to the right place, and at the
right time (Mangan et al., 2008). Lumsden (2007) points out that freight transport

is a service that provides certain stakeholders with time and place utility, not only
within, but also between organizations.

2.1.1 Road transportation

The global freight comprises millions of employees. In the European Union (EU)
alone, over ten million people are engaged in the transport sector. This corresponds
to 4.5 percent of the total employment, as the transport sector by itself contributes
approximately 4.6 percent to total GDP in the EU. Road transport contributes

to 45 percent (in t-km) of the employment share (European Union, 2013). The
respective number of professional truck drivers for Norway and Sweden are 30 000
(Sgndergaard, 2014) and 56 727 (Statistiska Centralbyran, 2013). According to All
Trucking (2016), there are about 3.5 million professional truck drivers in the United

10
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States (US), with the entire industry exceeding 8.7 million workers. The trucking
industry is the essence of the US economy as nearly 70 percent of all freight tonnage
is transported with trucks. These gures demonstrate the vastness of the industry
with one of every 15 wage earner correlated to the trucking business (American
Trucking Associations, 2013).

From a exibility point of view, road freight is considered as the best transport mode
(Behrends, 2015). The road transport market has very low entry barriers. This is
partly due to the relatively small investment costs when entering the industry (Roso,
2014). According to Roso (2014), the following table consists of both positive and
negative road transport characteristics:

Table 1: Characteristics of road transportation

Positive Negative
High service Energy consumption
High reliability Congestion and land use
Relatively high speed Road accidents
Flexibility of route choice Noise
Door-to-door deliveries Emissions

The positive aspects of using road transport seemingly outperforms the negative
e ects when companies compare di erent modes for distributing their goods (den
Boer et al., 2009). Companies are progressively interested in responsive transport
modes because of the ampli ed e-commerce business, and the demand of having
products just-in-time (Chopra and Meindl, 2013) (see gure 4). Consequently, com-
panies choose to use road freight as their main transport source. It grants a high
service level as there is an increased possibility to perform value-adding activities
along the road. In addition, road transport is very reliable because of the number
of trucks and routes. Flexibility deriving from route availability ensures shorter de-
livery times. Lastly, the characteristics of a truck entail the potential of performing
door-to-door deliveries.

Figure 4: Modal services versus cost (authors' interpretation of Rhodes (2012))

11
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2.2 Urban freight system

According to Chopra (2003) and Mufiuzuri et al. (2005), the distribution of goods in
urban areas is connected to the so callddst-mile, which is often said to be the part

of the supply chain with the highest costs. The associated freight transport activities
in the urban environment are for instance goods movement between industries, ware-
housing and retail activities, gateway operations such as seaports, truck and train
terminals, distribution centers and airports (Rodrigue et al., 2006). Since many in-
dustries' production and warehouse facilities are located in urban environments and
their transport activities start and end within the urban area, it requires a material
freight ow to operate the business (Lindholm, 2012a). Furthermore, urban freight
transport also include activities such as home delivery services, goods storage and
inventory management, o ce and household removals and waste handling (Allen et
al., 2015). In order to satisfy the need of freight ow, vehicles and other equipment
are essential. There exists a need for a developed urban infrastructure to enable the
required tra ¢ and transport activities (Wandel et al., 1991).

Urban logistics plays a major role for several reasons. Among one of the most
Important aspects is that it represents an essential signi cance to sustaining our
existing standard of living. To sustain customer satisfaction of transport operations,
the distribution capacity in cities must increase in the same or faster rate than the
population growth (European Commission, 2007). The growing importance of urban
transport is related to the increasing population and the continued economic growth
in urban areas (Allen et al., 2015). Also, it appears as a vital part in retaining and
overhauling industrial and trading undertakings in order to provision major capital
generating activities. Furthermore, the competitiveness of an industry in a specic
region is highly dependent on the e ciency of the freight sector, as cargo distribution
and logistics costs have direct impact on the cost of the transported commodities.
But it is also conducive to environmental e ects caused by movements in urban
freight. This relates to visual intrusion, congestion, energy use, pollution, and noise
(Hasell et al., 1978, Meyburg and Stopher, 1974, Ogden, 1992). Consequently,
matching economic expansion with environmental safeguarding and welfare is of
utmost importance to accomplish better living milieus in conurbations (Taniguchi,
2015).

2.2.1 Objectives of urban freight

Six key objectives are addressed to achieve an all-encompassing solution which would
satisfy all the a ected entities in the urban freight system: economic, e ciency, road
safety, environmental, infrastructure, and urban structure (Ogden, 1992). The de-
ned goals and objectives necessitate a collective understanding of what the e ects
are for the short-term, mid-term, and the long-term future (Holguin-Veras et al.,
2015). The complexity of achieving a common goal among all stakeholders is de-
scribed in chapter 2.2.3.
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Attaining economic viability is important as transport demand is closely associated
to economic development. Goods distribution ows between and within business re-
gions are connected to the stability of regional and national economy (US National
Association of Regional Councils, 1984). The European Commission (2011) has
highlighted that freight transport is directly correlated with the growth of the econ-
omy. From 1995 until 2008 the annual average progression was 2 percent, which
was comparable with the growth of the intra-European Union (EU-27) economy.
Moreover, during the economic recession in 2008-2009, freight transport fell 11.2
percent when the GDP in EU-27 dropped by 4.2 percent. Therefore the e ciency
of moving goods and low amount of bottlenecks have direct impact on the regions
productivity and growth (US National Association of Regional Councils, 1984).

E ciency objectives relate to the operational aspects of moving the goods. Mitigat-
ing transportation operation costs is imperative as it increases the e ciency of the
entire supply chain. Generally the costs are generated by the shippers, receivers and
transport operators. These costs are vehicle operating costs, vehicle depreciation,
terminal costs, and drivers' wages (Hensher, 1977). A more e cient use of labor,
terminals and vehicles, o set the signi cance of these costs. Increasing utilization
rates is believed to have substantial economic gains. City logistics involves a broad
array of activities and vehicle operations with enormous variations in e ciency and
productivity across di erent tasks. Ogden (1992) highlights that activities involving
pick-up and delivery, are identi ed by low levels of productivity. The productivity

is measured by the mean truck speed, the Il rates, and the average shipment size
(Crowley, 1980).

The objective of road safety is to decrease the amount of deaths, injuries and prop-
erty damages caused by the urban road freight sector. According to the National
Research Council (2012), fatal accidents involving medium-duty trucks in the USA
accounted for 300 cases in 2005. Both transport operators and policy makers have
to create unilateral rules to decrease the threat of injury and death.

At present, a large majority of the urban freight vehicles are diesel-powered, which
cause several undesirable external e ects for the metropolitan area. The specic
measures and their e ect on the environment are covered in detail in chapter 2.2.4.
Thus, creating desirable conditions for alternative drivelines will decrease the impact
of these e ects (Ogden, 1992).

The infrastructure and management objectives are mainly addressed by the au-
thorities who are responsible for creating a set of rules for land use zoning, trac
regulations, and vehicle mass and dimensions. This involves creating clauses which
restrict the usage of trucks with bad environmental performances (Ogden, 1992). For
example, the city of Gothenburg has created an environmental zone in the central
city to increase the air quality (Goteborgs Tra kkontoret, 2002).

Finally, the urban structure objectives correspond to the interaction between freight
facilities and urban structure. Investments into freight facilities have to be aligned
with the city's plans since building new distribution centers is costly for the 3PLs.
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To fully reap the bene t, it is important that the construction of a new facility would
follow the city's future development plans (Ogden, 1992). For example, combining
the development plans will provide an opportunity to have good access to the main
highways entering the city, thus decreasing the overall driving time.

2.2.2 Typical distribution tour and performance measures

A typical urban distribution tour has signi cant di erences with intercity freight
distribution. City logistics are characterized by a signi cantly lower average speed
as the central areas involve a high density setting. This implies speci ¢ limitations on
the vehicle dimensions. If intercity freight distribution mostly involves trucks with
a gross weight above 18 tons, central city is generally served by smaller vehicles.

A typical urban tour (see gure 5) is the route a commercial freight vehicle follows
after leaving the distribution center. The route involves loading and unloading stops
at the customer sites, but also refueling and other destinations. The driver follows
the speci c sequence to fulll the deliveries in the most optimal fashion. After
completion, the driver returns to the distribution center to unload the goods for
sorting. The trips are distinguished into two distinct trips: the distance between
the distribution center and the distance covered inside the service area. The latter
is also known as thélraveling salesman tour(TST). In the urban context, the tours
are normally less than 300 km in total due to the restrictions, i.e. loading/unloading
time, average driving speed, number of stops, and xed work hours. A study in the
US shows that warehouse delivery vehicles drive an average of 105 kilometers per
day per vehicle (Cambridge Systematics, 2004).

Figure 5: Basic distribution tour (Figliozzi, 2007)
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The distribution centers are generally located in low-density suburban areas, which
have good connectivity with the highway system. Being connected allows the drivers
to deliver goods faster to the service area and reduce time spent in major congestion.
An important part of the tour encompasses an analytical study to nd the best t

for number of customers served per tour, the proximity of the distribution center to
the service area, and the proximity amid the destinations (Figliozzi, 2007).

Since most customers prefer morning deliveries, major part of deliveries are carried
out within normal business hours. According to Figliozzi (2010), the division of
deliveries was the following: 13 percent of the deliveries executed before 8 AM,
45 percent of the deliveries done before 11 AM, 76 percent of the deliveries took
place before 2 PM, and 99 percent of the deliveries nalized before 5 PM. The
loading/unloading time for each stops will vary depending on the infrastructural
conditions (Holguin-Veras et al., 2013). The presence of a loading bay reduces
walking distance to the customer: distribution tours with customers who possess
a loading bay will require less time than routes with customers without one. The
median stop time in Sydney is 30 minutes and the respective gure for Amsterdam
is 21 minutes (Figliozzi et al., 2007).

The most frequently enumerated e ects in urban freight distribution are vehicle
trips, vehicle emissions, vehicle kilometers, and total fuel consumed. Continuous
abundant measurements in city logistics studies have identi ed low load factors
and average speeds as indicators of a lack of e ciency of the urban freight sector.
Browne's (2004) research has shown that the average load factor is only 45 percent
of the entire capacity of the vehicle, and the peak-hour average travel speed was as
low as 21 km/h. Moreover, a recent research revealed that 25 percent of urban trips
have no cargo, e.g. empty return trips (Holguin-Veras, 2012).

2.2.3 Urban freight stakeholders

Urban freight transportation involves several stakeholders who shape how the value
chain looks like. It is important to be able to distinguish various stakeholders and
their interests, thus promoting collaboration between di erent actors. Ogden (1992)
highlights that the underlying goal to reach a desired end state involves policy and
planning to contribute to minimizing the total social costs of goods transport but
also to promote e ciency of the system.

According to McKinnon (2015) there are ve larger groups that have the capability of

a ecting the outcome of urban transportation solutions. These are customers, local
government, logistics service providers, inhabitants, and retailers. Out of those, the
author emphasizes on three groups which have the strongest power to in uence and
implement changes to the urban freight system: urban authorities, freight transport
companies, and receivers of supplies.

15



2. Literature review

The rst group is responsible for creating policy measures which encourage the com-
panies to alter their behavior. The freight transport companies are responsible and
capable of impacting the actions by providing economic and ecological incentives.
Understandably, the changes derive from the companies' internal bene ts, but are
also a ected by the demand from the rms ordering the delivery. These demands
might involve consolidating urban freight by ordering higher vehicle load factor,
carrying out o -hour deliveries (Holguin-Veras et al., 2014), improvements in fuel
e ciencies, and increasing IT communications for better planning purposes. Lastly,
McKinnon (2015) states that the receivers of the supplies have a great deal of in u-
ence when it comes to urban supply chains. Holguin-Veras and Sanchez-Diaz (2016)
highlight that most receivers base their ordering decisions on economic rationales
to maximize their prots. They propose several initiatives to counterbalance the
impacts on society and ine ciencies deriving from these activities, e.g. receiver-
led-consolidation, which is expected to have the biggest impact. By adjusting their
behavior and making them more exible towards the receiving of goods, the over-
all urban solution can be more adaptable to sustainable solutions. As this group's
sole reason is why these deliveries take place, a demand modi cation might lead to
signi cant improvements in sustainability.

In addition, Ballantyne and Lindholm (2012) also recognize indirect stakeholders of
urban freight transportation who have substantial input for the outcome of freight
transport procedures. Potential indirect stakeholders include vehicle manufacturers,
commercial associations, drivers of the vehicles, land owners, and many more.

Urban freight transportation is known for its highly complex character, which high-
lights the necessity for good collaboration. As stakeholders possess a strong inter-
dependence, cooperation is of momentous importance, which necessitates a smooth
and open line of communication to mitigate the barriers between various stakehold-
ers (Lindholm, 2014). As can be seen from gure 6, the process of solving a problem
in urban freight transportation which has pertinence to all the stakeholders involves
several stages, and in general is highly time-consuming to execute.

Figure 6: Framing the problem of urban freight transport (Lindholm et al., 2012)
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2.2.4 Side e ects and external costs of urban distribution

Allen et al. (2015) argue that the modern urban economies require e ective freight
transport activities. Nonetheless, these activities have both social and environmental
impacts as they pollute noise, vibrations and emissions. The movement of vehicles
Is also a major contributor to visual intrusion, physical intimidation of pedestrians
and cyclists, road safety and accidents, and road tra ¢ congestion (Ballantyne et
al., 2013).

Cullinane et al. (2012) assert that the most serious environmental challenge is the
climate change. As a freight transport vehicle pollutes greenhouse gas (GHG), it is
important to consider its impact on the environment, in particular the impact on
climate change. Today, trucks are mainly propelled by diesel. The diesel fuel both
contains hydrogen and carbon. The incomplete combustion in a diesel engine results
in tailpipe emissions of pollutants such as hydrocarbons (HCs), carbon monoxide
(CO) and nitrogen oxides (NOx) (Holmen and Niemeier, 2003). In comparison to
petrol-driven vehicles, diesel engines emit more CO2 per unit of energy. Neverthe-
less, because of the diesel engine's better energy e ciency, the overall impact is less
than for an equivalent petrol engine (Schipper and Fulton, 2003).

In terms of the particulate matter and nitrogen oxide emissions, the petrol engine
outperforms the equivalent diesel engine. Holmen and Niemeier (2003) stress the
di culties of measuring the level of particulate matter. Still, they maintain their
statement saying that the level of nitrogen oxide and particulate matter is much
higher for diesel engines.

The pollutants emitted by transportation can divided into global, regional and local

e ects (Cullinane et al., 2012). For the global e ects, six categories including 27
GHGs were established in the Kyoto protocol year 1997 (Breidenich et al., 1998).
Since then, another category has been added to the protocol. According to McK-
innon (2007), in the United Kingdom transport accounts for roughly 25 percent of
the total energy-related CO2 emissions, of which 8 percent are connected to freight
transport. Out of this percentage associated with freight, 92 percent were attributed
to road transportation.

On a regional level, the two main examples of airborne pollutants that can travel by
the prevailing winds are acid rain and photochemical smog (Cullinane et al., 2012).
Acid rain occurs because of SO2 and NOx emissions. The photochemical smog is
produced through a reaction of sunlight with nitrogen dioxide. In other words, diesel
and petrol are major culprits for these regional emissions.

The local e ects of atmospheric pollution are experienced close to the pollution
source, where the concentration level is high. Cullinane et al. (2012) mention six
categories in which the gases and particulates that have a high local impact are
placed. The categories are NOx, HCs, ozone (0O3), particulates, CO, and SO2.

The HCs are a result of an incomplete combustion of organic material. High level of
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ground-level O3 can contribute to respiratory problems and nausea. According to
Fowler (2008), the e ects of the O3 might be more harmful to children, asthmatics
and the elderly. In addition, according to Amann (2008) there is su cient evidence
to observe a relationship between air pollution exposure of O3 and aggravation of
asthma in children. The incomplete combustion of carbon-based fuels causes CO,
which a ects the human's hemoglobin. High levels of that substance can cause death
(Cullinane et al., 2012). Lastly, the fourth category containing particulates appears
mainly due to the soot emitted by diesel engines.

Considering the number of local e ects when observing urban transportation one
can highlight the three issues of noise pollution, congestion and accidents (Cullinane
et al., 2012). As stated in Doll and Wietschel (2008), the impact of tra ¢ noise and

its e ects are primarily restricted to the time of emission. Thus, it is deemed to

di er from air pollutants and GHGs. Among others, the e ects of trac noise
include annoyance, communication problems and sleep disturbance (Stansfeld and
Matheson, 2003). Cullinane et al. (2012) describe tra ¢ noise generated by trucks

in three ways, namely propulsion noise from the power train or engine, tire/road-
contact noise at higher speeds, and the aerodynamic noise which increases as the
vehicle accelerates.

On an EU level, congestion has the largest proportion of the external transport
e ects that cost the most for society. According to European Commission (2001),
road congestion costs approximately one percent of the GNP in the European Union.
Furthermore, the vehicles used to serve urban distribution activities share a large
impact on the environment as they contribute to the increased atmospheric pollution
(Yannis et al., 2006). A French study discussed in Ulkii (2012) shows that the
marginal cost external costs associated with urban tra c is ten times higher than

inter-urban tra c. Golob and Regan (2001) argue that congestion is perceived as a
serious problem for companies focusing on less-than-truckload (LTL), refrigerated,
and intermodal cargo. This is mainly due to the congestion's signi cant impact

on routes where delivery times are heavily restricted to the customer requirements.
These requirements are for instance a ected by time-windows and busy schedules.

Congestion has a great impact on CO2 vehicle emission and fuel e ciency. Barth
and Boriboonsomsin (2008) state that there is a rapid non-linear growth in emissions
and fuel consumption when the moving speed goes below 48 km/h. CO2 emissions
double per mile when the speed drops from 20 km/h to 8 km/h. Moreover, frequent
changes in speed, which primarily occur in congested areas, increase emission rates
because of the consumption is not only a function of speed but also acceleration
rates (Frey et al., 2008).

By studying gure 7, it appears clear that the cost of externalities related to ac-
cidents is a major concern. McKinnon (1999) argues that road accidents do not
only result in personal injuries, death and material losses for those involved. It also
results in delays and general inconvenience for other road users, leading to ampli ed
e ects of congestion.
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Figure 7: External costs associated with freight transport (CE Delft, 2011)

2.3 Battery electric vehicles in urban freight dis-
tribution

BEVs or electromobility is de ned as a road transport system where the vehicles are
propelled by electricity. Some vehicles are capable of producing their own electricity
on-board (hybrid electric vehicles) as others utilize energy provided by the electric
grid (Grauers et al., 2013). The batteries are normally charged while the vehicle is
parked, but also capture energy from braking. The latter is also known as regenera-
tive braking. It is important to notice that combining ICEs and alternative engines
can achieve higher fuel economies for conventional vehicles, but also allow hybrid
electric vehicles (HEVs) to use smaller batteries than BEVs.

Figure 8: GHG emissions from the well-to-wheels cycle (Nordelof et al., 2011))

As can be seen from gure 8, both BEVs and HEVs are known for their signi cantly
lower GHG emission rates compared to the conventional ICEs. Out of all the avail-
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able alternatives, they have the lowest environmental impact. But it is important
to notice that the total amount of emissions will depend on the primary energy
source. In addition, BEVs can reduce a signi cant amount of noise in tra c. With
speeds below 30 km/h  which is most common in urban environments the noise
can be reduced up to 10 dBs when compared to conventional passenger cars. The
gap is even larger when it comes to freight transport where the vehicles produce
signi cantly more noise (Verheijen and Jabben, 2010). Nevertheless, it is important
to bear in mind that with speeds over 30 km/h the gap becomes narrower as the
tire-road noise starts to dominate. Therefore, with speeds above 30 km/h, the tire
selection becomes more important to be able to reduce the total noise emission than
the chosen powertrain.

Electric powered vehicles are also capable of regenerating energy through regener-
ative braking. This implies that there exists a possibility to recover the vehicle's
kinetic energy to improve driving range (Gao et al., 1999). The BEVs are also known
for its very convenient driveline. This is due to the fact that there is no lag between
energy generation and usage as the power goes immediately to the wheels, thus al-
lowing more agile driving (Karlsson, 2015). From an economic point of view, the
electric powered vehicles are often subsidized by the government and also include
several bene ts. For example, often green vehicles are provided several privileges
within tra c, including free of charge parking and the ability to use the bus lanes.
Normally electric vehicles are characterized by higher unit prices when compared
to conventional vehicles with an ICE. Fortunately the contrast is decreasing as the
production cost of Lithium-ion batteries is dropping (Karlsson, 2015).

Albeit the advantages, BEVs comprise several challenges which withhold the full
advancement of the technology. Namely, today the battery's properties are still
considered its weak spot. Although the unit price might decrease, it is still consid-
erably high. In addition, the degradation of the battery's energy storage over time
causes the lifetime to be shorter than an ICE vehicle (Karlsson, 2015). Also, the pro-
duction of batteries are highly dependent on limited raw materials (e.g. Lithium),
and they can only be obtained from a few speci c areas in the world, e.g. Chile,
China, and Australia (INN, 2015). From a user's perspective, it is often limited by
range and long charging times. Within urban freight distribution, the transport op-
erators are most likely responsible for the necessary investments needed for creating
a suitable charging infrastructure (Karlsson, 2015). This causes the technology to
be even more vulnerable and undesirable.

Although BEVs are related to several advantages, suitable solutions are generally
more associated with private cars than buses and trucks. Nevertheless, there are
HEVs on the market which are suitable with their extended range and lower de-
pendability on battery size. For example, Volvo is manufacturing trucks with hybrid
solutions (Rosgart, 2015). Volvo in collaboration with several other entities have an
on-going pilot project with electric buses in Gothenburg (ElectriCity, 2015). More-
over, Siemens is doing research for building an eHighway, where trucks are powered
like trolleys (Cunningham, 2012). Having this in mind, the future for BEVs in
heavy- and medium-duty vehicles and buses is promising.
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2.4 Advances in all-electric freight distribution eets

Although the initial invention of electric driveline was already done by Thomas
Davenport in 1834, and at that time the technology outsold gasoline cars ten to
one, history shows that for the last century the automotive industry has been dom-
inated by ICEs (The Electric Auto Association, 2016). Nevertheless, recent history
has experienced an immense surge in development of alternative drivetrains. Ac-
cording to O'Connor (2013), sales of plug-in electric vehicles have gone up by 147
percent between August 2012 and August 2013. As sustainability has become a hot
topic during recent years, we are now seeing more and more companies investing in
sustainable transport systems (Oswald and McNeil, 2009). These systems can be
characterized as accessible, environmentally friendly, a ordable, and safe (Russo and
Comi, 2012). In general, corporations have started to acknowledge the importance
of acquiring a system which is able to address economic, social, and environmental
responsibilities (Oswald and McNeil, 2009). Subsequently, an overview of state-of-
the-art technologies and their potential is given.

2.4.1 Smith Electric Vehicles

Smith Electric Vehicles is a company that markets and produces a wide range of
zero-emission electric vehicles. The company's mission is to manufacture trucks that
have higher e ciency and a lower total cost of ownership than traditional diesel
trucks. Although they have a wide-ranging array of customers in food & beverage,
utility, telecommunications, retail, parcel and postal delivery, military, and grocery
(Smith Electric Vehicles, 2016b), the research is delimited to medium-duty freight
distribution vehicles. This means that the focus will lie on vehicles with a gross
weight between 12-18 tons, thus only including Smith's Newton trucks.

One company that has invested greatly into more environmentally friendlier solu-
tions is America's top selling snack company Frito-Lay. They currently possess the
largest eet of all-electric trucks in North America, with 176 Smith Newton trucks,
operating in New York, Ohio, Columbus, and Ft Worth. After investing on electric
driven trucks, they have been able to bene t from 75 percent lower fuel costs than
diesel. As reported by O'Connor (2013), a Smith truck is roughly $10 000 more
expensive than its diesel-powered counterpart, but low maintenance costs and fuel
savings will allow a return on investment within three to four years. Furthermore, as
the urban environment is sensitive to noise pollution, utilizing these trucks has sig-
ni cant e ect as they operate in virtual silence. The technical speci cations foresee
that these vehicles deliver a top speed of 88 km/h, a payload of over 7 250 kg, and a
range of 65-190 km on a single charge (Smith Electric Vehicles, 2016c). A complete
recharge should take approximately 8 hours, which can be completed during the
night (O'Connor, 2013).
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Another company which recently invested in Smith Electric Vehicles is Coca-Cola.
The liquid refreshment corporation proclaimed initiating a eet of 16 refrigerated
electric trucks (see gure 9), which will be utilized around the Bay Area, San Fran-
cisco. In addition to those, Coca-Cola at present controls a number of alternative
fuel eets, comprising an excess of 650 hybrid and natural gas trucks.

Figure 9: Refrigerated all-electric Smith truck (O'Connor, 2013)

2.4.2 Renault Trucks

Renault Trucks is also known to invest large amounts on environmentally friendlier
modes of transport. Recently, during the 21st United Nations Climate Change
Conference (COP 21) in Paris, Renault presented two of its newest innovations on
behalf of the lle-de-France French Environment and Energy Management Agency.
The rst of these is an all-electric 4.5 ton truck, and the second a 16 ton all-electric
truck (Renault Trucks Corporate, 2015). The former is going to be excluded because
this research will solely focus on medium-duty trucks, i.e. trucks weighing between
12-18 tons.

The largest of these trucks (see gure 10) is currently in the midst of an on-going
test period with Speed Distribution Logistique on behalf of Guerlain. The past 18
months of testing have revealed that the vehicle does not generate any emissions or
noise during its nightly deliveries to several boutiques in Paris. The vehicle is capable
of ful lling 200 km delivery routes with the support of partial recharges carried out
throughout the daily routine. The current routes have been planned so that it is
able to perform two partial recharges during the day. The truck also receives a total
overnight recharge between 7 PM and 2 AM (Renault Trucks, 2014). Although the
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