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Abstract

Sustainable and energy efficient transport of passengers and goods has become a major
concern of policy makers worldwide. This paper examines the existence of policies and
measures for sustainable urban freight transport in European cities. The methodology for
comprehensive mapping and benchmarking of strategic policy documents and measures has
been developed and applied to a panel of 129 European cities. The desktop analysis shows
an extremely heterogeneous situation of logistics and mobility planning policies and planning
documents adopted in Europe. Cities are mainly opting for soft measures with high impact
on savings. They are trying to achieve efficiency with adequate regulation system and
measures supporting the introduction of new services. Only few measures directly promoting
energy savings were identified while on the other hand, various measures with indirect impact
on energy consumption were recognized.
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1 INTRODUCTION

Despite of its important role in modern society, transport has many shortcomings resulting
in congestion, pollution, CO2 emissions, noise and accidents. Transport is also the largest
energy-consuming sector in the EU-28 [1-3], whereby road transport consumes 83% of total
energy consumption in transport and accounts for 93% of CO, emissions [4,5]. Road
transport vehicles are predominantly using fossil fuels, which emit large quantity of
greenhouse and other polluting gases into the atmosphere and therefore significantly
contribute to climate change and global warming [6—8]. Without appropriate regulatory
measures, energy use and greenhouse gas (GHG) emissions from the land transport sector is



expected to grow. Compared with 2009, 50% growth is expected by 2030 and more than 80%
by 2050 [9]. To reach sustainable low-carbon economy by 2050, Europe needs to cut
emissions from transport by at least 60% compared to 1990 [10,11]. Transport is considered
also as one of the most important factors for achieving the goal of the Paris agreement, which
aim is to limit global temperature rise in this century well below 2 °C, comparing to the pre-
industrial levels [12,13].

Pietzcker et al. [14] studied alternative scenarios on transport decarbonisation in energy-
economic models. They found out that in the first half of the century, transport is expected
to leg behind mitigation efforts of other sectors for 10-30 years. Even in the most stringent
policy scenario, more than 85% of transport final energy will still come from the fossil fuels.
Deep emission reductions in transport sector (by 90% and more) is expected in the long run
(until the end of the century) and only in the case when the most stringent policy scenarios
would have been implemented. The preconditions of the scenarios to meet the expected
results are: implementation of the advanced vehicle technologies in combination with carbon-
free primary energy sources and inclusion of the road transport into the EU ETS (European
Emissions Trading Scheme) [5]. Carbon pricing should be complemented with region-
specific and integrated transport policies aiming at changing mobility demand and promoting
the use of innovation in alternative transport options and the use of alternative fuels [15-17].

European transport policy aims to foster decarbonisation of transport through gradual
implementation of various measures to be achieved by 2050 [18]: no more conventionally-
fuelled cars in cities, 40% share of sustainable low carbon fuels in aviation; at least 40%
emissions decrease in shipping, 50% shift of intercity passenger and freight journeys from
road to rail and waterborne transport on medium distances. Given that 25% of emissions of
transport in the EU originates in urban areas, towns and cities play the key role in mitigating
the negative effects of transport [19]. Manny cities are currently implementing “Sustainable
Urban Mobility Plans” (SUMPs) [20], which are mainly dedicated to mobility of passengers
[22]. In most cases freight transport has not been considered or has been addressed only
partially. In the absence of clear guidelines for addressing urban freight issues, cities have
adopted diverse strategic documents and measures. Consequently, we are today lacking the
understanding about the structure of the implemented urban freight policy measures in the
European cities and their efficiency. In particular this holds good also for the field of
sustainable energy use and mitigation of CO2 emissions caused by the city logistic
operations. To overcome this problem EC has set a very ambitious goal of CO2-free city
logistics by 2030 and initiated the concept of “Sustainable Urban Logistics Plans” (SULPs)
[21] aiming to comprehensively address also urban freight issues.

In order to understand the need for comprehensive planning of sustainable and energy
efficient freight transport system in cities, the first part of the article deals with literature
review of existing urban transport problems and policies for mitigation of highlighted
problems. The second part of the article presents a comprehensive overview (and benchmark)
of the transport policy documents implemented in European cities aiming at development of
sustainable and energy efficient urban freight transport system.



2 REVIEW OF SUSTAINABLE URBAN FREIGHT TRANSPORT PROBLEMS,
POLICIES AND INITIATIVES

Urban freight delivery is a very complex process faced with numerous issues that need to be
solved in order to perform efficient services for customers [23]. Deliveries are, on one hand
subject to various characteristics of urban areas and on the other, to dynamically changing
expectations of customers [24]. To cope with this complexity and with problems of increasing
traffic volume, energy consumption, emissions and congestion, various transport policy
measures are adopted in cities around the world. The main aim of the literature review is
therefore to present overview of the main problems of the urban freight deliveries and related
policy measures and methods dedicated to solving these problems. Literature review is based
on scientific refereed journals, refereed conference proceedings and scientific reports.

2.1 Review of urban freight problems

Firstly, we deal with the most outstanding problems of urban freight deliveries, studied by
scholars in recent years and tackled from different perspectives and on different levels. We
decided to utilize our own classification based on problems, which are most often considered
in the literature lately.

The overview of the most outstanding problems and the literature dealing with these
problems is presented in the Table 1.

Table 1: Literature review of main urban freight problems

Topic Papers

Increasing demand for urban Olsson and Woxenius 2014 [25]; Tozzi et al. 2014
freight deliveries [26]; Tadi¢ et al. 2015 [27]; Morganti et al. 2014 [28];
Low utilisation rates of urban Dominguez et al. 2012 [29]; Bozzo et al. 2014 [30];
delivery vehicles MDS Transmodal 2012 [31]; Iwan 2014 [32];

Energy use, transport Arvidsson 2013 [33]; Tozzi et al. 2014 [26]; Bektas et
emissions and noise of al. 2015 [34]; Dablanc 2009 [35];

delivery vehicles

Increasing congestion in Lindholm 2013 [36]; Tozzi et al. 2014 [26];

dense urban areas

Inadequate road transport Stefanelli et al. 2015 [37]; Rose et al. 2016 [38];
infrastructure

Lack of logistics transhipment ~ Russo and Comi 2012 [39]; Silva and Alho 2015 [40];
facilities and double parking Lopez et al 2016 [41];

High delivery cost for last Roca-Riu and Estrada 2012 [42];
mile delivery operations

Urban freight problems are strongly related to existing trends and expectation of customers.
Studies show that the need for just in time deliveries and the trend of e-commerce results in
high fragmentation of urban freight delivery demand and supply [25-28,31]. Cities are
consequently facing more frequent deliveries and higher number of urban freight transport



trips. Empirical studies reveal that freight vehicles today produce already 10 to 15% of total
urban vehicle-kilometres [36]. Cities are also facing the problem of low vehicle utilisation
rates [31,32]. Average load factor is decreasing and is today only at the level of 30-40%. In
addition to that, more than 20% of vehicle-kilometres are driven empty [29,30]. These trends
contribute to negative impacts on urban environment. About 25% of CO, emissions, 30% of
nitrate oxides and 50% of particulates that are emitted by transport are, in large cities,
generated by trucks and vans [35]. Commercial vehicles are also contributing to over 20% of
energy consumption and urban traffic congestion [26,34].

Likewise, scholars report about problems related to inadequate transport and logistics
infrastructure in cities. In general, there is a problem with accessibility for customers located
in the city centres due to narrow streets and physical barriers [38]. The other problem is
related to logistics facilities in dense urban areas needed for transhipment and parking
operations for the last mile deliveries. This kind of facilities are often missing, which forces
the delivery vehicles to double park or circulate around the city until they find the most
appropriate place for parking. In European cities this occurs in 70-80% of deliveries [41].
This is energy and time consuming and contributes significantly to the reduction of the
available road capacity and to the increase of urban traffic congestion [39,40]. It also
increases costs and energy consumption of last mile delivery. Studies revealed that, although
last mile delivery represents only a small part of the total travelled distance, it generates
almost 30% of the total transportation costs [42].

2.2 Review of the most commonly studied logistics policies and measures

To solve main problems of urban freight deliveries depicted in previous section, a great
number of transport policy measures have been adopted and tested in urban areas around the
world. Scholars have tried to provide unified taxonomy for classification of policy measure
types but so far this has not yet reached the point of synthesis or general agreement [43].
Stathopoulos et al. [44] suggested the following classification: market-based measures,
regulatory measures, land use planning measures, infrastructural measures, management
measures and measures related to new technologies. Feng Shi et all [45] proposed the
following classification: congestion charges, parking charges, public transit priority systems,
vehicle quota systems and travel credit systems. A comprehensive overview of efficient and
sustainable strategies for last-mile deliveries was given also by Browne et al. [46] and
Giuliano et al. [43] identifying strategies like: labelling or other certification schemes; traffic
and parking regulations; land use planning and zoning; city logistics and consolidation
schemes; off-hours deliveries and intelligent transport systems. Urban freight policy issues
have also been addressed by: Nuzzolo and Comi [47], Benjelloun et all. [48] and Browne et
all [49].

For the purpose of this overview, we have adopted the methodology of Stathopoulos et al.
[44] and added additional type of measure specifically focused on energy. Improvement of

energy efficiency is of vital importance from environmental as well as from economic point
of view [50-52].

Papers considering above mentioned types of policy measures are listed in the Table 2.



Table 2: Literature review of main types of policy measures

Type of measure

Papers

Energy measures

Market-based
measures

Regulatory
measures

Land use planning
measures

Infrastructure
measures

Management
measures
(supporting
services)

New technologies

Taniguchi 2014 [53]; Johansen et al. 2014 [54]; Stefanelli et al.
2015 [37]; MDS Transmodal Limited 2012 [31]; Macario 2011
[55]; Byers et al. 2015 [56]; ERTRAC and ALICE 2014 [57];
Mellios et al. 2011 [58];

Taniguchi et al. 2010 [59]; Bozicnik and Mulej [60]; Bozicnik
[61]; Danielis 2015 [62]; Bjorklund and Abrahamsson 2015 [63];
MDS Transmodal Limited 2012 [31]; Elspeth and Ballantyne 2013
[64]; Stathopoulos et al. 2012 [44]; CIVITAS 2015 [65]; Stefanelli
et al. 2015 [37]; Taniguchi 2014 [53]; Leonardi et al. 2014 [66];
Dablanc et al. 2013 [67]; Quak and Bruening 2012 [68];

Quak and De Koster 2006 [69]; Leonardi et al. 2014 [66]; Oliveira
etal. 2014 [70]; Alho et al. 2014 [71]; Taniguchi 2014 [53]; Filippi
et al. 2010 [72]; Taniguchi et al. 2014 [73]; Manuzuri et al [74],
Woxenius [75];

Taniguchi et al. 2014 [73]; Morganti et al. 2014 [28]; Macario 2011
[55]; Taniguchi 2014 [53]; Leonardi et al. 2014 [66]

MDS Transmodal Limited 2012 [31]; Macario 2011 [55];
Morganti et al. 2014 [28]; Quak and Bruening 2012 [68]; Simoni
et al. 2017 [76]; Lindsey at al. 2014 [77];

Lopez et al. 2016 [41]; Bjorklund and Abrahamsson 2015 [63];
Leonardi et al. 2014 [66]; McLeod and Cherrett 2011 [78]; Letnik
et al. 2018 [79]; Taniguchi 2014 [53]; Quak and Bruening 2012
[68]; Simoni et al. 2017 [76];

Dablanc et al. 2013 [67]; Taniguchi et al. 2016 [80]; Leonardi et

al. 2014 [66]; Taniguchi 2014 [53]; Stefanelli et al. 2015 [37];
Taniguchi et al. 2010 [59]; Filippi et al. 2010 [72]; Bubel and
Szymczyk 2016 [81];

Energy policy measures are intended to directly or indirectly promote environmentally
friendly, sustainable and energy efficient urban freight distribution. The following measures
are most often mentioned in the literature: anti-idling and eco-driving [37,53,54] (training for
energy efficient driving), modal shift [31,55,56] (rail, underground, inland waterways) and
certification programmes [37,57,58] (labelling — fleet operators).

Market based policy measures are using price mechanism to force transport operators and
customers to change their behaviour [65]. The following measures are most often mentioned
in the literature: road pricing [59,62] (road user charging, parking charges), taxation [31,63]
(tax discount for environmentally friendly vehicles), tradable permits [37,44,60,61,64,65]
(total amount of acceptable emissions), incentives and subsidies [53,66—68] (electric vehicles
promotion, reduction of tax, funding schemes).

Regulatory policy measures are setting restrictions to control the activities of transport
operators with the aim of limiting negative impact of delivery vehicles in urban areas.



Following measures are most often mentioned in the literature: time access restrictions
[66,69,70] (daytime delivery bans, silent night-time deliveries), parking regulations
[53,71,72] (vehicle parking reservation systems, delivery space booking system, timeshare
of parking space, peak-hour clearways), load factor restrictions [74,75] (access allowed to
vehicles with high enough load factor) and environmental restrictions [73] (emission
standards, engine related restrictions).

Land use planning policy measures are in place to change existing land use patterns and
reserve private space in urban areas for public needs. Following measures are most often
mentioned in the literature: location of logistics facilities [73] (on street - kerbside and off-
street loading bays), delivery areas (cargo handling space), integration of logistics plans into
land use planning concepts, collection points [28,55] (locker stations), urban consolidation
centres [53,66] (UCC).

Infrastructure policy measures are in general dealing with investment into transport/logistics
infrastructure and are, in many cases, part of the overall land use planning policy. The
following measures are most often mentioned in the literature: investment in transport
infrastructure [31,55] (maintenance of existing and/or building of new roads/lines dedicated
to delivery vehicles, investment in electric charging stations) and investment in logistics
facilities [28,68,76,77] (loading bays, urban consolidation centres, freight lockers).

Management policy measures are dedicated to organizational and business aspects for
managing infrastructure and services for more efficient urban freight deliveries. The
following measures are most often mentioned in the literature: management of urban loading
bays [41,78,79], freight traffic flow management (priority network for heavy goods vehicles),
management aspects of consolidation schemes [63,66,76] (managing urban consolidation
centres), new business models [53,68] (canvas, collaboration schemes).

Policy measures related to new technologies are referring to any kind of ITS (intelligent
transport system) and ICT (information communication systems) systems that allow freight
vehicles to opt for alternative or more optimal routes for last mile delivery. The following
measures are most often mentioned in the literature: new vehicle technologies [66,67,80]
(electric/hybrid engines and batteries, new vehicle concepts), dynamic vehicle routing
[37,53,66,80] (freight routing optimisation) and ITS information systems [59,72,81]
(variable message signs, regulating multi-use lanes, optimize the use of street space, traffic
control).

2.3 Review of collaborative initiatives and mechanisms

City authorities are faced with the problem of implementing transport policy measures caused
by different acceptance levels of large number of different stakeholders and actors. The
distinction between stakeholders and actors is important according to Ballantyne et all [82].
Those who directly affect issues in urban freight (policy makers, decision makers and local
authorities) are actors, those who have a direct interest in urban freight (companies,
individuals, interest groups, etc.) are stakeholders. Traditionally receivers, carriers and
forwarders have been considered as the most relevant stakeholders [44,83,84], but they have
often not been included in the policy making process. Banister and Hickman [85] emphasize
the importance of involvement of non-public decision makers in a fully participatory



transport planning process in cities. Involvement of all relevant stakeholders and actors is
recognised as a precondition for successful implementation of measures and for diminishing
potential conflicts among them. Literature review on collaboration mechanisms is presented
in Table 3.

Table 3: Literature review of stakeholders and actors collaboration tools and mechanisms

Topic Papers

Collaboration Taylor and Hallsworth 2000 [86]; Hensher and Brewer 2001 [87];

mechanisms Buldeo Rai et al. 2017 [88];

Freight quality Roche-Cerasi 2012 [89]; Lindholm 2014 [90]; Quak et al. 2016

partnership [91]; Eidhammer et al. 2016 [92]; Jedlinski 2016 [93]; Marcucci et
al. 2017 [94];

Living Lab Quak et al. 2016 [91]; Nesterova and Quak 2016 [95]; Gatta et al
2017 [96];

Several methods have been deployed for involving different stakeholders in the process of
specific measure implementation. Multi-actor multi criteria analysis (MAMCA) for example,
explicitly includes stakeholders’ perspectives in transport measures evaluation with reference
to stakeholder objectives. MAMCA is a stepwise methodology in which stakeholders and
their key objectives are identified and weighted [88]. Also “learning through action”
approach has been implemented [87]. This approach emphasizes learning through a
collaborative process between different stakeholders and actors, where the outcome is both a
normative development as well as strategy development towards intended change. There are
also some practical experiences of collaboration in the European Courier, Express and Parcel
sector (CEP). Confronted with growing complexity of the “last and first-mile” issue and faced
with a competitive environment, the traditional actors of the CEP sector in Europe are

evolving in similar way and their strategies, tools, and organizations are becoming very much
alike [86].

In recent years Freight Quality Partnership (FQPs) has emerged as the most promising
approach for including stakeholders in discussions of problems and identification of solutions
[90,94]. Freight Quality Partnerships are collaborative networks of freight partners. The
objective of FQP is to optimize freight transport by working together on logistics operation
issues, exchanging information and experiences and developing a common freight strategy
[92,93]. Implementation process includes identification of target groups and their different
needs, development of a communication platform and deployment of dedicated, specific city
measures (e.g. use of priority lanes) [89]. FQP has been recently enhanced with the concept
of living lab [91] aiming at constantly revising and continuously improving logistics
performance to meet stakeholders’ needs. Final aim is to obtain long lasting impact and to
cope with the complexities of the urban freight system, resulting in optimal solutions which
“per se” include also optimised concept of energy use.

2.4 Review of models and modelling techniques for urban freight and energy policies

Effectiveness of policies and initiatives presented in previous sections is difficult to predict,
therefore modelling and simulation tools had to be developed and used to support decision



making process of urban planners and policy makers [97]. Literature dealing with urban
freight is not huge, but is very complex, therefore only some basic elements and the most
recent advancements are presented in this section. In addition, the advancement of some
energy models was analysed, because energy aspects are currently only partially addressed
under the framework of the urban freight models.

Table 4: Literature review on urban freight transport and energy models
Topic Papers

Freight transport ~ Taniguchi et al. 2001 [98]; Gonzalez-Feliu 2008 [99]; Crainic et al.

models 2009 [100]; Tamagawa et al. 2010 [101]; Taniguchi et al. 2012
[102]; Anand et al. 2012 [103]; Gonzalez-Feliu and Routhier 2012
[104]; Tawasszy et al. 2012 [105]; Taniguchi et al. 2014 [73]; Teo
et al. 2014 [106]; Behnke and Kirschstein 2017 [107]; Comi et al.
2017 [108]; Le Pira et al. 2017 [97]

Energy models Jebaraj and Iniyan 2006 [109]; Wagner and Wegener 2007 [110];
Bhattacharyya Govinda and Timilsina 2009 [111]; Keirstead et al.
2012 [112]; Suganthi and Samuel 2012 [113];; Cui et al. 2017 [51];
Gereboni et al. 2017 [114]; Debnath and Mourshed 2018 [115]

In general, only few papers are dealing with urban freight modelling issues [73,98,100—
104,107,108]. Freight aspects of urban traffic modelling have been neglected for decades,
namely in focus of modelling efforts were predominantly passenger traffic flows. Freight
transport models have been originally built, based on aggregated four stage model
(generation and attraction, distribution, modal split and assignment), which was originally
developed for modelling of passenger transport [98]. Necessity to deal with increasing traffic
problems in cities through implementation of urban freight policies and the need to evaluate
the effects of implemented policies has resulted in increased interest of urban freight models
in the late 1990s.

Taniguchi, which is considered as the father and initiator of urban freight modelling [116],
noticed that three general types of models are required to predict the effects of urban freight
policies [98]: demand models, supply models and impact models. The most recent
advancement of urban freight modelling is showing the trend towards emission related
models, which can be classified into the following categories [73]: network models
(evaluating impacts of policies for reducing greenhouse gas emissions from road freight
vehicles); fleet models (predicting aggregate emissions from the overall fleet); routing
models (developing routes that minimise the travelled distance) and life cycle analysis
models (estimating energy consumption and emissions of freight vehicles over their life).
The most recent development in urban freight modelling is associated with the use of
alternative transport modes, such as [117-119]: electric trucks, vans, freight bikes and rail.
These alternative transport solutions increase the sustainability and liveability of urban areas,
which is also becoming the main goal of urban planners and policy makers.

Taniguchi et al [102] also studied emerging techniques for enhancing the practical
application of urban freight models. Topics addressed: advanced heuristic and meta heuristic
optimisation techniques (stochastic programming and applied parallel tabu search) for
dynamic vehicle routing and scheduling problems; multi-objective optimisation techniques
(genetic algorithms, evolutionary algorithms, particle swarm optimization, simulated
annealing, tabu search and ant colony optimisation) for optimisation of decision making
problems; and intelligent agent systems (agent based systems) for optimization of



collaborative distribution systems in urban areas. La Pira [97] additionally recognized that
dynamic multi agent-based simulation approach and game theory simulation techniques as
the most effective to mediate interactions among stakeholders as a consensus building
process for definition of the urban freight delivery policies.

On the other side energy modelling has a long tradition and dates back in 1950s. Development
of energy models went through different phases in relation to the energy supply and demand
on one hand and the technological development and development of new modelling
techniques on the other [111]. Many review studies and surveys on energy models exist
[109,111-113,120] but we decided to analyse two of them, which are from the authors’
perspective the most relevant from the policy making point of view.

The first one is the “review of urban energy system models” provided by Keirstead et al.
[112]. Their research is important because it is focused on models relevant for urban
environments. They reviewed 219 scientific papers and identified five main focus groups:
technology design, building design, urban climate, systems design, and policy assessment.
The policy assessment models are the most aggregated ones and are applied to evaluate
energy performance of the whole city to shape up policy decisions. Regression models are
often used to understand impacts of consumer preferences, economic effects and general
urban evolution. Simulation and optimization techniques are also used, primarily to assess
the potential impacts of the policy change. In addition to that, they also highlighted the sixth
field, which is land use and transportation modelling (LUT). They claim that “transportation
has direct relevance to the use of energy in cities but has been overlooked by the literature to
date”. According to Wagner [110], operational land use transport model systems are loosely
integrated with transport air quality and energy assessment models that translate the predicted
transport flows into pollutant and fuel consumption estimates. LUT models are mainly build
on activity-based principles and probability-based approaches.

The second study is a “comprehensive review of energy models” produced by Jebaraj and
Iniyan [109]. Energy models were studied and grouped into following categories: energy
planning models, energy supply-demand models, forecasting models, renewable energy
models, emission reduction models and optimisation models. Energy planning models
(EPMs), which are applied to forecast energy demand and supply, are considered as the most
important for policy making process and for energy sector development. From the modelling
techniques point of view, we need to mention also the study of Debnath and Mourshed [115]
that identified end evaluated 50 different forecasting method for the use in EPMs. They found
out that artificial neural network is the most widely used and efficient method, which is
applied in 40% of all analysed EPMs. Moreover, they found out that computational
intelligence methods demonstrate better performance than statistical ones. For
comprehensive review of advanced energy related optimisation method, please see Cui et al.
[51].

Finally, Gereboni et al. [114] studied the possibilities of linking energy and transport models
to support policy making. Some tests have been performed and proved that linking of models
is already possible, provided statistics and data are available. In general, transport models are
to be considered as basis for generating inputs to energy models and not vice versa.



3 REVIEW OF URBAN FREIGHT TRANSPORT POLICIES AND MEASURES
IMPLEMENTED IN STRATEGIC DOCUMENTS OF EUROPEAN CITIES

The main aim of this section is to identify, in the first step, existence of relevant transport
policy documents of the European Cities. In the second step, maturity level of the transport
policy measures of the selected European cities is analysed, with specific focus on analysis
of integration of urban freight measures into strategic city mobility planning documents.

According to our knowledge no methodology for identification of logistics planning
documents and classification of them according to their maturity level exists in literature.
The new methodology for analysis and transparent presentation of logistics planning
documents of the vast variety of European cities is therefore developed and introduced.

3.1 Panel of cities

European cities included in the analysis have been selected according to their size and other
relevant characteristics. The main idea was to examine a diverse sample of cities (continental
cities, cities with navigable rivers and coastal cities). In addition the focus was not only on
city centres but on wider territory aspect of Functional Urban Areas (FUAs) consisting of the
city core and its commuting zone [121]. In view of all these aspects, 129 cities (shown in the
Figure 1 below) have been selected for the analysis.

After selection of suitable cities, the main aim was to identify information sources related to
relevant strategic city transport policy documents. This step was very difficult because
documents containing this kind of information are very versatile and fragmented. To map
and analyse measures, two types of sources have been selected: as the primary source of
information the institutional websites of the selected cities were chosen, and different
thematic websites dedicated to Sustainable Urban Mobility Plans (SUMPs), urban logistics
and Sustainable Urban Logistics Plans (SULPs), as a secondary source.

.....

Figure 1. Location of cities considered in the panel

As it can be seen from the Figure 1. selected cities are spread all over the EU.



3.2 Identification of strategic documents

The identified strategic documents of European cities were classified into five main
categories:

e SUMPs without city logistics measures;

e Mobility plan documents with city logistics measures;
e SUMPs with city logistics measures;

e Logistics plans;

e SULPs.

SULP is the most comprehensive document specifically devoted to logistics issues in urban
areas [122]. From this point of view, cities having this document implemented are considered
as logistically most advanced. Logistics plans are similar to SULP, for they are in the whole
extend devoted to logistics issues and the only difference to SULP is that they have been
implemented before SULP methodology was available. The logistics plans structure is
therefore not standardised, as in the case of SULP, and they are therefore considered as
slightly less relevant. SUMPs are in general tackling all mobility issues and in that respect
freight transport is often omitted or is only partially mentioned. SUMPs with city logistics
measures are therefore next on the scale of relevant documents implemented in European
cities. Mobility plan documents introduced before SUMP methodology exist and are
therefore a bit less relevant than SUMPs. Finally, we tried to identify SUMPs implemented
but not containing any logistics issues. This option is on the bottom of our evaluation scale
because SUMPs should, in general, deal also with logistics. If the SUMPs are not dealing
with logistics that means logistics issues are not recognised as relevant revealing that the
cities stick to old, uncomplete, planning patterns.

The results of the analysis of documents, identified in the panel of cities, are presented in the
Figure 2 below.

50

46
45

35

30
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1.SUMP 2. Mobility plan with 3. SUMP with 4. Logistics plan 5.5ULP
logistics measures logistics measures

Figure 2. Frequency of planning documents by category in the chosen panel of cities

From the panel of 129 cities, 29 of them (22,5%) do not have documents consistent with any
of the defined categories. This does not mean that those cities are not facing mobility issues
or do not have mobility plans. It means that they do not have documents, which could be



categorized as SULP, SUMP, logistics plan or mobility plan and that there are no specific
logistics measures integrated into the adopted city transport/logistics policy.

Among the remaining 100 cities, seven cities have SUMPs without city logistics measures,
46 cities have mobility plan with city logistics measures, 38 cities have SUMPs with logistics
measures, four cities have logistics plans and nine cities have SULPs.

In the following table (Table 5), existence of relevant transport policy documents in the
selected panel of cities is presented more in details.

Table 5: Category of strategic documents available in selected European cities

Document Document Document
category category category
COUNTRY CITY 12345 COUNTRY CITY 12345 COUNTRY CITY 12345
Vienna ] Thessaloniki . Bratislava
Linz GREECE Athens SLOVAKIA Kosice .
AUSTRIA Graz . Serres [ Zilina )
Salzburg ° Székesfehérvar SLOVENIA Ljubljana .
Innsbruck HUNGARY Pécs A Coruiia .
Bruges ° Gyor Bilbao
Ghent ° Palermo . San Sebastian .
Antwerp ° Catania ° Burgos .
BELGIUM Liege ° Bari ° Zaragoza .
Brussels o o Naples ° Barcelona .
Namur . ° Rome ° SPAIN Huelva .
Charleroi Ancona Cordoba (]
ITALY .
Sofia Florence Valencia .
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With specific reference to SULPs, it is important to mention that all the 9 cities having SULP
in place, were involved in the ENCLOSE EU project devoted to the development of SULPs
in the cities participating in the project. Therefore, SULP concept can be considered as a
specific project concept.

On the other hand, the SUMP concept is quite present in the panel: 45 cities have developed
SUMPs, of which 38 also include logistics. It is worthwhile to report that about 15.6% of the
cities with adopted SUMPs have not included logistics into the document.

3.3 Identification of measures and their inclusion in transport planning documents of
the selected cities

In the next phase, the panel of cities was reduced to 30 cities with well-developed and adopted
logistics planning documents and measures. In these cities in total 158 measures were
identified. These measures were reviewed in detail. Out of 158 measures 58 measures of the
best practice character and enough available data were selected. The selected measures were
grouped into 10 measure types that has been used for detailed analysis. The main criteria for
final selection of measures was application suitability of the measure not only to the city
centre but also to the City FUA level.

The following measures have been identified:
e Off street loading bays
e Cargo bikes
e (lean fuels and vehicles
e Spatial planning for logistics
e Freight routes
e Delivery and servicing plans
e Mobile depots
e Of peak deliveries
e By boat logistics
e Urban distribution centres

Selected measures are described and analysed more in details to identify their main goals,
problems and obstacles for development/implementation and benefits of implementation.

3.3.1 Off-street loading bays

The measure focuses on developing loading and unloading areas located off-street. The
objective is to make public spaces less congested and more liveable [78]. This measure can
be result of: private agreements among businesses, the initiative of a single business, part of
a regulatory intervention of city transport planning, etc. [31].

The implementation of this measure results in reduced congestion, improved quality of public
infrastructure use and more efficient loading and unloading activities in dense urban areas
[123]. City of Paris, for example, decided to impose off-street loading bays (spaces dedicated
to freight activities) to stores of at least 500 square metres, offices of 2,500 square metres and
hotels with 150 rooms or more [108,124]. In Rome simulation of ICT based management of
loading bays resulted in reduction of the total delivery time of 66% [108].



3.3.2 Cargo Bikes

Cargo bikes can be used for light deliveries (up to 250 kg) and on short distances. They are
ideal for deliveries in city centres or limited parts of urban areas [125,126]. Implementation
requires presence of a cycling infrastructure, logistics facility from which bicycles can run
their last mile delivery and it is often associated with measures, such as urban distribution
centres or mobile depots [76].

Cargo bikes bring environmental friendliness and noise reduction. For example, in Turin
(Italy) an emissions reduction of 250 grams of CO2 per km [127] was estimated. In London
pilot project total distance travelled decreased by 14% and the CO2 emissions per delivered
parcel fell by 55% [128]. There are some cost benefits for businesses due to lower purchase
prices and maintenance costs for bikes compared to other transport means such as vans.
Cargo bikes can have access to city areas where, due to regulations, vans do not have access
[129].

3.3.3 Clean fuels / vehicles mobility scheme

The main objective of this measure is to foster sustainable and low carbon delivery services
in urban areas. This measure can be applied as a selection criteria for access to urban areas
and regulatory incentive for clean vehicles [130]. Secondly, this type of measure can be
included in a local or wider regional system of subsidies as stimulating instrument for
procurement of clean vehicles [131].

Reductions of emissions and pollution are the main benefit of this measure [80,132]. In case
of Los Angeles port, emissions from trucks were reduced by 80% in 2012 based on
progressive ban for trucks with higher emission levels accessing port area [133]. In the City
of London, replacing diesel vans with electric vans and tricycles operating from a micro-
consolidation centre resulted in decrease of 20% for total distance travelled and reduction of
54% for the CO2 emissions per parcel delivered [134].

3.3.4 Spatial planning for logistics

This measure focuses on identification and reservation of the most optimal land locations for
logistics purposes. Conversion of land-use purposes of specific areas into areas suitable for
logistics facilities is one specific type of this measure [135]. Different types of reserved land
use can answer to different logistics purposes. For example, a small area could host an urban
distribution centre; reserved areas along canals or in the proximity of railways could increase
accessibility to multimodal transport solutions [136].

Strategic allocation of logistics areas should improve logistics efficiency. A rational and
systematic allocation of logistics areas enables development of economies of scale in the
logistics activities and mitigates logistics sprawl [137]. The measure also fosters multimodal
transport and brings environmental benefits. The city of Brussels and city of Paris are
identifying and reserving land for logistics purposes with the aim of improving freight
delivery network in the city and on the regional level [135].



3.3.5 Freight routes

This measure focuses on regulating freight vehicles’ routes. The measure is part of
authorities’ traffic regulatory actions aiming to limit traffic conflicts between cars and freight
vehicles. The main objective is improvement of the efficiency of freight deliveries by
providing the most optimal routes to transport nodes and industrial areas. This results in
increased average speed of commercial vehicles and reduced congestion. This measure can
be further developed by means of IT applications for real time routing of vehicles in a wider
smart city context [138].

The city of Amsterdam has developed the Voorkeursnet Goederenvervoer: a selective
network of preferential routes that freight carriers can use in a flexible and safe manner to
reach their destinations [139]. Introduction of Intelligent Freight Routing Optimisation in
Vienna resulted with up to 60% reduction in time, up to 15% reduction in distance, up to
20% reduction in fuel and emissions and up to 30% reduction of costs for deliveries in urban
areas [140].

3.3.6 Delivery and Servicing Plans

Delivery and Servicing Plans (DSPs) are key strategy documents outlining how a public or
private sector organisation deals with its need to generate freight transport efficiently, safely
and in a sustainable way [141]. Within the same company, goods deliveries are often
managed independently by different sectors. This reduces the efficiency of inbound logistics
activities. The main purpose of this measure is to optimise fleets and freight demand and
reduce the number of unnecessary trips. This measure focuses on the reduction of: energy
use (CO2 and other emissions); congestions and on the improvement of residents’ quality of
life [141]. The same measure applies also to different companies located in the same specific
city area.

The city of London has developed a document explaining in detail Delivery and Servicing
Plans (DSPs) to companies [ 142], which is informing suppliers of the exact delivery location;
implementing delivery booking systems; moving deliveries out of peak hours; reducing
delivery frequencies; centralising the ordering system; consolidate the number of suppliers;
and take advantage of consolidation centres.

3.3.7 Mobile Depots

Mobile depots are mobile warehouses serving specific city areas. A trailer is loaded at a depot
outside the city and it is transported to a central parking area within the city centre.
Environmentally friendly transport vehicles, such as cargo bikes, trolleys or on-foot
deliveries are done for the last mile deliveries. Last mile delivery can be performed by sub-
contractors of the logistics operator owning the depot. In the evening the trailer is moved
back to the logistics operator’s main depot (e.g. together with the cargo bikes or trolleys)
[143].

The measure significantly reduces pollution e.g. the Brussels pilot reports a reduction of CO2
by 24% and of PM10 by 22% [54]. Similar results are in Turin (IT) pilot project of TNT and
Pony Zero [127].



3.3.8 Off-peak deliveries

This measure focuses on shifting delivery schedules out of peak hours or during the night. It
focuses on supply chains that do not necessarily need daytime deliveries, such as retail and
wholesale companies, food, groceries and similar products. The measure is focussed on the
benefit for transport operators deriving from the fact that delivering at night is faster (e.g. less
congestion, more space for unloading, less fines). Deliveries at night can be attended or un-
attended and can require a change in receivers’ staff working hours [144].

The City of Barcelona (ES) promoted a pilot project to deliver at night to supermarkets with
a truck equipped with the PIEK technology to reduce noise (carpeted floor, low-noise
pneumatic technology and low-noise rubber wheels). The pilot proved that journey times
were reduced by 50%, fuel consumption up to 57% and emissions up to 53% [89].

3.3.9 By boat logistics

It is a solution for urban delivery chains, focusing on the use of waterways (where available)
as energy-efficient alternative of transport in the urban areas. The main aim of the measure
is to optimize the multimodal transport network and to reduce the energy use, pollution and
congestion on the roads in the cities [145]. Deliveries to the urban areas are performed
through integrated multimodal system, which often includes inland waterways (canal
network) and road transport. The measure can focus on different supply chains, such as
beverage and foods or low added-value chains, like waste or construction materials.

The measure was implemented in Paris for deliveries of food and beverages to Franprix
supermarket stores through the river Seine. Following phases of the transport service are
implemented: the first transportation operation by truck from the warehouse to the Port of
Bonneuil-sur-Marne, where special containers are loaded on the vessel; after more than 20
km the goods are unloaded in the central area of Paris and delivered by truck to shops located
in a radius of 4 km from the river side.

In this pilot project savings of about 450,000 vehicle-kilometres are reported, which
corresponds to reduction of 37% of the energy used (CO2 emissions) for the transport
between the regional depot and the shops in the city centre [146].

3.3.10 Urban Distribution/Consolidation Centres

Urban Distribution/Consolidation Centres (UDC/UCC) are logistics facilities located in
proximity of the receivers in the urban areas aiming at reduction of congestion and pollution.
A range of other value-added logistics and retail services can be provided by UDC/UCC too.
Input of goods to UDC/UCC is done in large shipment volumes. Goods are consolidated at
the logistics facilities of UDC and transported to their final destinations by environmentally
friendly vehicles (e.g. small clean-fuelled vehicles, bikes etc.)

The city of London has developed an UCC specifically dedicated to the construction sector
(London Construction Consolidation Centre). It is a distribution centre and delivery service
area for construction materials for four major building projects in the city. The benefits are:
reduction of energy used for transport 70-80% (CO2 emissions); reduction of 70% of the
number of vehicles travelling to the construction sites [147,148].



3.3.11 Inclusion of measures in transport planning documents of the selected cities

Table 6 below presents overview of the number (frequency) of adopted low carbon urban
logistics measures in the European cities. On one hand, number of measures adopted in each
individual city (frequency), and on the other, number of adoptions of individual measure in
the panel of selected cities (presented as a weight) is presented.

Table 6: Adopted low carbon urban logistics measures by the European cities

k4 =
" % 2 T B ? 8 § ':ED
COUNTRY  CITY i gﬁ § =% = E%‘) :§ < jj: g% £ 2 FREQ.
SE S % E: Pz i 2 57
9 S P 5 AE ¢
@) o
AUSTRIA Vienna ° ° ° 3
BELGIUM Ghent ° 1
BELGIUM Brussels . . ° ° ° 5
BULGARIA Burgas ° ° 2
BULGARIA Balchik ° 1
CROATIA Zagreb ° 1
CZECH R. Brno ° 1
DENMARK Aalborg ° ° ) )
FINLAND Helsinki ° 1
FRANCE Paris ° ° ° . . 5
FRANCE Lyon ° ° )
FRANCE Toulouse ° ° . 3
GERMANY Berlin ° 1
GERMANY Bremen ° 1
GRECE Serres . ° ° ° 4
HUNGARY Pécs . 1
ITALY Turin . ° ° 3
ITALY Lucca ° ° 2
NETHERLANDS Amsterdam . ° )
NETHERLANDS Utrecht ° ° )
NETHERLANDS s’Hertogenbosch ° 1
NORWAY Trondheim ° ° )
POLAND Krakow . ° 2
PORTUGAL Almada . 1
ROMANIA Alba Giulia ° ° )
SPAIN Barcelona . . . 3
SPAIN Burgos . ° ° 3
SWEDEN Malmo . 1
UK London ° ° 2
UK Dundee ° 1
UK Norwich ° 1

WEIGHT 5 7 9 2 6 6 2 4 6 14 3




As can be seen from the Table 6, Brussels and Paris are the most advanced among all of the
analysed cities with 5 different measures adopted in the strategic transport policy documents.
The majority of cities, 14 out of 30, have planned to implement Urban Consolidation Centres.
Among the most popular measures are also clean fuels and vehicles (planned in 9 cities) and
cargo bikes (planned in 7 cities).

3.4 Benchmark of selected measures

The main characteristic of measure also defines its applicability. For better understanding the
measures (in the Table 7 below, measures are in the sequel qualitatively benchmarked
(number of measures belonging to specific category is counted) with reference to:

e category of measure,

e territorial level of applicability,

e the investment and operational costs and

e savings.

Measures can be, based on their main purpose, categorised to the following groups:
regulation, technology, infrastructure, service, industrial/economic, urban planning and
energy. Regulation measures are mainly imposed by the city authorities to regulate or modify
users’ behaviour. Technology measures are strictly related to technological development,
which is implemented to improve efficiency of urban freight delivery processes. Service
oriented measures are focused to improvement of logistics-oriented services in urban areas
and are mainly dedicated to logistics operators. Industrial or economic measures are to be
understood as incentives for business entities, which are indirectly providing solutions or
tools for efficient urban deliveries. Urban planning measures are oriented towards positioning
of logistics infrastructure and facilities in urban areas. Energy measures are primarily
dedicated to energy savings and achievement of energy efficiency.

From the spatial point of view, measures can be focused to the strict city centre (e.g.
pedestrian — low emission zones), to the specific part of the city (e.g. industrial or residential
area) or to the entire Functional urban area (e.g. eco norms for freight delivery vehicles in
urban areas).

Successful implementation of measures is in many cases related to the volume of investment
needed for their implementation. The lower the need for investment, the bigger is the
possibility for implementation of the measure. The so-called soft measures (e.g.
communication measures, organizational measures ...) are often preferred by the policy
makers than hard or investment-oriented measures (e.g. building new street, new logistics
terminal).

Crucial criteria for the measure implementation are savings. The bigger the savings, the
bigger is the possibility and the need for measure implementation. Savings can be measured
in time (e.g. shorter delivery time), costs (e.g. savings in delivery costs for transport operator),
CO2 emissions (e.g. savings of emissions imposed from delivery vehicles) and energy (e.g.
savings of energy needed for delivery).



Table 7: Overview and benchmark of selected logistics measures

ASSESSMENT

PARAMETERS NUM.

Off-street
loading bays

Cargo bikes
Clean fuels and vehicles
Spatial planning
for logistics
Freight routes
Delivery and
servicing plans
Mobile depots
Of peak deliveries
By boat logistics
Urban Distribution
Centres

Category
Regulation ° ° ° ° °
Technology °
Infrastructures ° ° ° °
Services . ° ° ° ° .
Industrial/econ ° °

Urban planning . °

— N NN B —= W

Energy °

Scale of application
Specific area ° ° ° ° ° ° ° 7
City centre ° . ° ° ° ° ° °

City/FUA ° ° ° ° ° 5

Investment
Low ° ° ° ° ° °
Medium . ° ° 3

High °

Savings
Low 0
Medium ° ° ° . ° ° ° 7

High . . ° 3

Majority of measures under consideration in the upper part of the Table 7 are categorised as
regulatory or service measures. The reason behind is that the city authorities, with the aim to
regulate and optimise the urban freight, predominantly impose these measures. It should be
noted that only one measure out of all selected, is predominantly focused on energy issues.
Clean vehicles and fuels are the only measures dealing directly with energy policy issues in
urban areas. At the same time, several other measures have indirect impact on energy use.
The benefits are achieved due to optimisation of transport flows (e.g. fuel savings), the
introduction of clean vehicles for logistics operations (e.g. electric mobility) or modal shift
(e.g. use of transport means with lower energy impact).

Table 7 below, in the part dealing with the “scale of application” of the selected measures,
reveals that the analysed measures are less frequently applied outside of the city centres and
more frequently in the city centres and/or in the specific areas within the city. It may be
concluded that the problems are much more severe in the city centres, which in Europe are
very often old, historical centres with specific logistics problems.



The part of the Table 7 assessing the volume of needed investments by implementation of
individual selected measure (presented results are based on experts’ opinions) reveals that 6
out of 10 analysed measures demonstrate low investment needs.

Very interesting results are shown in the lower part of the Table 7, where savings of the
implemented measures are assessed. Majority of the measures under consideration (6 out of
10) belong to the category of low investments needs but on the other side, the expected
savings are on the medium to high level. It may be concluded that cities are focusing on soft
measures (low costs, low investments), which are expected to bring optimal (medium/high)
results.

4 CONCLUSIONS

A comprehensive literature review of urban freight related problems, policies, initiatives and
models has been conducted to present the state of the art in planning processes of European
cities and inclusion of energy related aspects.

The analysis revealed that cities are mainly dealing with the problems of: increasing transport
demand, low utilisation rates, high energy use, increasing transport emissions and noise of
delivery vehicles, increasing congestion in dense urban areas, inadequate road transport
infrastructure, lack of logistics transhipment facilities, double parking and high delivery cost
for last mile delivery operations. All these problems negatively influence not only business
processes but also environmental and energy aspects of urban areas. To cope with this
problem, cities are implementing the following types of measures: market-based measures,
regulatory measures, land use planning measures, infrastructure measures, management
measures and measures related to new technologies. Cities are also deploying new
approaches and initiatives to include various stakeholders in the policy making process
through implementation of different collaboration mechanisms, such as freight quality
partnerships and living labs. All this measures and concepts are consequently positively
influencing also the energy consumption.

In the second part the article, overview and benchmark of sustainable transport policy
documents and plans implemented in 129 European cities is presented. Regardless of the
differences among cities, some similarities in types of implemented measures were identified.
The following main types of measures were recognised: off-street loading bays, cargo bikes,
clean fuels and vehicles, spatial planning for logistics, freight routes, delivery and servicing
plans, mobile depots, off-peak deliveries, by boat logistics and urban distribution centres.
Although only clean fuels and vehicles can be categorised as a primary energy-based
measure, other measures are also considerably contributing to energy efficiency and energy
savings. What is also interesting, urban distribution/consolidation centre is present in almost
half of the analysed cities and perceived the most effective measure to be implemented in
cities. The analysis also reflects rational behaviour of the city councils, because the cities are
focusing mainly on soft measures (low costs, low investments), which are expected to bring
optimal (medium/high) results.

Presented case studies of different European cities in the last part of the article have shown
that well selected measures and/or their optimal combination can substantially decrease the



energy consumption and CO2 footprint. Single measures can bring on average about 20-30%
savings while their optimal combination could result even in about 60-70% saving. We can
conclude that with optimal combination of measures, cities can contribute to gradual
realisation of the EU Commission’s aim of CO2 free city. Standardisation of approaches in
the cities, as well as on the functional urban areas level, is needed and recommended.

Energy aspects are currently only partially addressed under the framework of urban freight
models. Linking of energy and transport models is already possible, provided statistics and
data are available. In general, transport models are to be considered as basis for generating
inputs to energy models and not vice versa.
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