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Abstract: In port cities, there are often severe transport and urban freight mobility issues associated with the port operations 

since ports and their surrounding urban areas are struggling with the ever-increasing flow of trucks, accommodating both 

through and intra-city cargo movement. This paper aims to present how urban freight distribution measures can support the 

goals of sustainable development even in cities with limited previous experience in energy efficiency and environmental 

friendly solutions. The successful case of the Piraeus port-city is presented and findings derived from a survey about urban 

delivery in the city center are provided. The study describes how efforts from different stakeholders should be coordinated to 

support urban freight distribution in the context of an action plan that promotes sustainable development in the city. Results 

from Piraeus case are useful for other comparable port-cities in Europe experiencing a rapid growth in passengers and freight 

volumes required to be handled, imposing significant negative externalities to the urban area. 
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1. Introduction 

In the complex environment of port-cities, urban 

settlements increase in size and density of their activities. As 

a result, the need for freight mobility and distribution of 

goods through the urban transportation and logistics system 

increases. Considering the urban dimension of “port-cities”, 

public authorities aim to improve freight distribution 

operations and promote reduced energy consumption and the 

associated greenhouse gas (GHG) emissions in a short and 

long term horizon implementing innovative solutions that 

minimize the total freight movements and enhance efficiency. 

This addresses the Europe 2020 target about reducing energy 

sustainability GHG emissions 20% lower than 1990 and 

increasing 20% in energy efficiency [1]. 

To improve efficiencies, reduce externalities and promote 

a better image of urban freight transport, several initiatives 

are undertaken. These initiatives relate to policy and 

regulation that may be infrastructure, facility, time, or vehicle 

related and may be achieved through restrictions (or their 

removal), pricing policies, exchange of information between 

public administration and those effecting the transport 

service, provision of services, or incentives. They may also 

relate to infrastructure development, vehicle technology, new 

and alternative energy sources, use of information and 

communication technologies, or development and adoption 

of new efficient business practices. 

Capitalization on the success of previous public and 

private sector efforts assist local and regional authorities in 

developing proper strategies and policies to facilitate the 

implementation of actions that improve the energy efficiency 

of urban freight distribution. The measures for efficient urban 

logistics on each city stems from its unique character in terms 

of issues, advantages and opportunities. Energy efficiency 

measures provide a common ground for dialogue between 

private and public sector. They are translated into both 

operational and environmental savings that meet both private 

sector profit maximization and public sector social benefit 

objectives. 

The focus of this paper is given on how the urban freight 

distribution measures can effectively support the goals of 

sustainable development even in cities with disparate and 
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fragmented previous efforts in energy efficiency and 

environmental protection. The study describes the successful 

case of the Piraeus port-city and how previous experience is 

further exploited in order to develop an action plan for urban 

freight distribution that gained acceptance also from the 

industry stakeholders. It presents the critical steps of 

decision-making and how different stakeholders interact to 

determine priorities for the sustainable development of the 

area. 

2. Previous Experiences in Urban Freight 

Distribution for Port-Cities 

Urban freight transport plays a key role towards the 

economic vitality of the cities. Goods transport and delivery 

are fundamental elements of economic activity that is 

increasingly dependent on the regional business network 

producing increased pollutant emissions and GHG effects. 

Freight transport operations are mostly private, which means 

that are rather effective from an internal cost point of view, 

but not necessarily concerned with the external costs that 

they often generate in urban areas such that increased traffic 

and negative environmental impacts. City authorities share a 

common interest to improve the quality of life for people and 

seek for the suitable policies that gradually decrease energy 

consumption and affect positively the economic, 

environmental and social conditions. 

Significant research effort appeared in urban freight 

distribution supporting decision making and urban planning 

by analyzing the impact of implemented measures and 

policies in terms of both operational and environmental 

aspects [2, 3, 4]. Evaluation methods and frameworks are 

proposed assessing the impact of different measures 

supporting decision making of public authorities regarding 

urban freight transportation planning. Measures for efficient 

urban freight distribution require both technological 

innovation tools and social strategies respecting the cultural 

heritage and being used by residents of different socio-

economic groups. 

In the urban environment, typically arriving from the 

producer location to major facilities in the urban areas, goods 

are distributed to the local consumers usually not in an 

optimized way. The high frequency and delivery time 

requirements, the weight of freights and the large number of 

shipments characterizing these deliveries indicate a 

significant potential for increased energy consumption and 

CO2 emissions in urban freight transport. For the 

aforementioned reasons, emphasis is given on urban freight 

consolidation centers, considering also extra measures for 

achieving a more efficient last mile delivery [5, 6]. The 

concept is to reduce the volume of commercial vehicles in 

the city center by maximizing the load of each vehicle and 

also promoting green vehicles for urban freight distribution. 

As such, a high level of concentrated business activity is 

allowed without negative externalities to residents. During 

the last years, the tendency is towards hybrid urban 

consolidation centers where terminals associated with 

another existing facility or with another specific need of the 

area (such as port terminals) replace the traditional urban 

consolidation centers. 

More recently, innovative operational sustainable low 

carbon solutions for city-port connections and interactions 

are promoted strengthening the knowledge and capacities of 

local authorities [7, 8]. They focus on energy efficient 

measures and policies with the aim to develop sustainable 

plans covering supply chain priorities in the context of 

sustainable urban planning. The planned urban freight 

distribution measures should determine the nature of the 

relations between port activities and urban freight observing 

the importance of the port in economic activities and the 

importance of the city in port operation activities achieving 

broader acceptance and being fitted properly within a broader 

planning framework [9]. 

3. Description of the Piraeus Port-City 

The city of Piraeus is within the broader Attica area, where 

almost 45% of Greece’s population is concentrated. Piraeus 

has a population of 163,688 people and it is home to Greece’s 

main port, which is the 8th European container port handling 

3.1 million TEUs in 2013, the 3rd cruise port in the 

Mediterranean with more than 2 million cruise visitors and 

the main Eastern European car port with around half a 

million cars handled in 2013 [10]. Piraeus is a densely 

populated city with high port related business and tourist 

activity, the latter of which is expected to be further increased 

considering the interest of the port of Piraeus in investing on 

infrastructure developments that will facilitate the growth of 

the cruise market. Commercial units which are clustered in 

city centre faced an increased demand of being supplied with 

products efficiently, at a low cost and in a timely manner. 

Hence, significant inconsistencies are appeared in transport 

sector and the daily traffic congestion constitutes a major 

problem in the area. The urban freight logistics in the Piraeus 

city centre is characterized by a large number of deliveries in 

small roads, with frequent trips, resulting in many vehicle 

kilometers travelled. Limited capacity, lack of coordination 

and extended peak hours of operation result in increased 

congestion, delays, energy consumption and other 

environmental impacts such as noise and air pollution. 

 

Figure 1. Main pillars of urban freight distribution. 

The main initiative of the Piraeus Municipality is to 

implement a strategic plan for the urban logistics in an effort 
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to improve the freight distribution of the Piraeus area since 

there is limited previous experience and local public 

authorities plan the urban freight delivery system for the first 

time. The strategic vision of the Municipality of Piraeus is to 

build a “smart city” offering high quality of life and 

interoperability. In terms of urban freight distribution, there 

are three main pillars (Figure 1) i.e. (i) environment, (ii) 

society, and (iii) economy. 

More specifically, the city of Piraeus aims to reduce the 

generated pollutant emissions improving the environmental 

conditions of the area. Road safety enhancement, 

improvement of pedestrian networks in urban areas and 

increased usage of sustainable transport means, constitute 

also main objectives for the public authorities. Additionally, 

the Municipality of Piraeus attempts to support the territorial 

sustainability of the area and enhance the environmental 

consciousness of the citizens ensuring also future 

development and viability. In an attempt to achieve the 

aforementioned goals, public authorities focused on smart 

and innovative energy efficient solutions for urban logistics 

that allow reductions of related disturbances such as 

distribution travel times, noise levels and CO2 emissions. 

The vision for a “smart city” triggered significant 

improvements and changes and major transport modifications 

have been undertaken in the city of Piraeus including the 

construction of a new METRO line and a new TRAM line 

that expected to reduce the volume of vehicles more than 

20%. Most of the central roads have been transformed from 

two to one way direction and several new bus lanes formed 

to the road network of the city as depicted in Figure 2. A GIS 

system installed which can be used for traffic management in 

the future by public authorities and new waste collection 

equipment purchased including a fleet of GPS vehicles. 

 

Figure 2. Road transformations. 

4. Survey About Urban Freight 

Distribution 

A survey conducted to collect the necessary data for 

analyzing the urban freight distribution in the Piraeus city 

center. The aim of this survey is to improve the knowledge 

on freight distribution activities in the Piraeus city and 

allowing an impact analysis of different city logistics 

measures related to logistics flows. Online questionnaires 

were used and 139 personal interviews with commercial units 

and 29 with carriers were conducted. A database presenting 

the geographical depiction of the commercial units was built 

and the freight movements were studied using the 

CITYGOODS model developed within the SUGAR research 

project [11]. 

During the modelling phase of the area, the city of Piraeus 

divided into three main zones as presented in the Figure 3 

according to the points of interest. Thoroughly, Zone A 

includes a part of the central market of the Piraeus city and 

the facilities / commercial units (i.e. cafes, restaurants) by the 

sea. Zone B includes the central market of the Piraeus city 

and port related business activity, and last Zone C includes 

the busy area close to the University of Piraeus. Finally, Zone 

D includes the area outside of the Municipality limits. The 

NACE code used to classify the commercial units of the area 

(Figure 4) and the selected supply chains were classified to 9 

main categories i.e. clothing, equipment, food, cosmetics, 

jewelry, plants, footwear/Shoes, furniture and hardware. 

Considering the points of interest, we mainly focused on 

zones A and B where commercial units are clustered and an 

increased demand of supply services faced. Significant 

inconsistencies appeared and the daily traffic congestion 

constitutes a major problem. It should be mentioned that 

more than 50% of the commercial units use their own fleet or 

personal vehicles for supply services while this percentage is 
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higher (more than 70%) including also companies that 

collaborate with up to 1 carrier. The CITYGOODS model 

generated the urban freight distribution movements 

(loading/unloading operations) in the city of Piraeus 

presenting the correlation among movements, the economic 

activities and the zones of the Piraeus urban area (Figure 3). 

Each supply chain modelled and implicitly defined for one 

or more type of goods in a yearly time horizon. Results 

present that supply chains of food, clothing and equipment 

estimated to appear the higher percentages of the total 

number of urban freight movements per year. In particular, 

48.1% of the total urban freight movements per year in the 

Piraeus city are due to food commercial units. The total 

number of flows for clothing supply chain also presents a 

high percentage (27.6%) of urban freight movements and the 

equipment supply chain presents the third high percentage up 

to 13.7%. Zones A and B are similar to this general tendency 

while zone C slightly differs since logistics for furniture 

economic activities presents the third higher percentage. In 

general, Zone B appears the highest volume (55.1%) of urban 

freight distribution operations compared with the Zone A 

(26.1%) and Zone C (18.8%). 

 

Figure 3. Loading/unloading operations estimated for each supply chain / zone. 

 

Figure 4. Total number of local units for each economic sector (NACE code) in the study area. 

Based on the data provided by the carriers participated in 

this study, diesel light goods vehicles (LGV) used for urban 

freight deliveries in the Piraeus city and the total distance 

travelled was estimated per each supply chain by the 

CITYGOODS model. Moreover, the fuel consumption for a 

vehicle travelling within the city centre ranges from a low of 
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10l/km to a high of 15l/km according to the European 

Commission report [12]. As such, the corresponding carbon 

footprint and energy consumption are presented in Table 1 in 

an attempt to evaluate the energy and environmental impacts 

of urban freight distribution. Regarding the corresponding 

CO2 emissions, an average speed of around 25km/h is 

considered and they are calculated according to the COPERT 

software that defines the CO2 emissions produced per LGV 

travelling a distance of 1km is about 280gr. Given the 

estimated total distance travelled by the vehicles for the 

urban distribution services, abstract values for the generated 

CO2 emissions are calculated and illustrated in Table 1. 

Table 1. Total distance travelled, total fuel consumption and CO2 emissions for each supply chain / year. 

Supply Chain Total Distance Travelled (km) 
Total Fuel Consumption (kL) 

Total CO2 Emissions (ton) 
Min Max 

clothing 177556.48 17.76 26.63 49.72 

equipment 186775.13 18.68 28.02 52.30 

food 296843.00 29.68 44.53 83.12 

cosmetics 4799.82 0.48 0.72 1.34 

jewelry 1159.53 0.12 0.17 0.32 

plants 2597.57 0.26 0.39 0.73 

shoes / footwear 9486.51 0.95 1.42 2.66 

furniture 214574.88 21.46 32.19 60.08 

hardware 18590.12 1.86 2.79 5.21 

 

5. Critical Issues for Sustainable 

Development of Urban Freight 

Distribution 

Preparing an energy-efficient action plan for the sensitive 

sector of the urban logistics is a challenging procedure and a 

series of processes should be coordinated. Determining the 

“best set of measures and policies” for a city depends on 

multiple criteria such as the cost effectiveness, energy 

savings, GHG emission reductions and the required time for 

implementation. The Municipality analyzed specific energy-

efficient measures by indicating their potential impact 

through surveys, simulations and studies. Energy efficiency 

measures provide a common ground for dialogue between 

private and public sector. They are translated into both 

operational and environmental savings that meet both private 

sector profit maximization and public sector social benefit 

objectives. An action plan for sustainable development of 

freight transport was endorsed in the strategic plan of the 

area, highlighting the activities that should be taken ensuring 

a broad energy effect on the urban environment. 

 

Figure 5. Interactions among relevant stakeholders. 

Within the preparation stage, prospective priorities have 

reviewed and evaluated to determine the commitment of the 

relevant stakeholders in a systematic way in order to achieve 

synergies among local authorities and the private sector. The 

key stakeholders are: i) the Municipality of Piraeus that aims 

to promote sustainable development of the area 

implementing energy efficient measures for urban 

distribution offering high quality of life to the residents 
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mitigating air pollution and severe traffic congestion, ii) the 

Piraeus Port Authority that aims to offer easy access to the 

port area and high quality of service to tourists, iii) the 

commercial units that require improved service from carriers 

and aim to increase their profit increasing their sales and 

reducing their total costs providing high quality customer 

service, iv) carriers that aim to increase profit and minimize 

their operational costs providing high level of service to their 

customers (commercial units), v) residents who require 

improved quality of life, and vi) tourists who require efficient 

mobility services. The interactions among relevant 

stakeholders are provided in the Figure 5. 

The survey described in Section 3 provides qualitative 

indicators that cover operational (i.e. the total distance 

travelled by the commercial vehicles), energy (i.e. the total 

travelled time and the energy consumption by the 

commercial vehicles) and environmental aspects (i.e. CO2 

emissions generated due to urban freight distribution). The 

energy indicators support the dialogue among key 

stakeholders with the aim to determine the priorities of the 

area. Table 2 describes preparation tasks and illustrates the 

defined priorities at operational, energy, environmental and 

social level for the Piraeus city. 

Table 2. Preparation Tasks and Priorities. 

Preparation Tasks 
Priorities 

Operational Level Energy Level Environmental & Social Level 

Continuous dialogue with stakeholders Reduction of distribution cost Energy efficiency improvement Reduction of pollutant emissions 

Geographic analysis Reduction of travel time Reduction of fuel consumption Improvement of environmental conditions 

Policies and regulations analysis Reduction of traffic congestion  Improvement of road safety 

Inefficiencies observation   Improvement of life quality 

SUMP guidelines (n/a)   Promotion of territorial sustainability 

Legislation framework   Increase of environmental consciousness 

   Increase of pedestrian areas 

 

Capitalizing upon previous experience, a successful 

framework for measures and policies implementation should 

be based on the following interconnected and iterative 

building blocks: i) cooperation among different stakeholders, 

ii) data sharing among stakeholders, iii) measures and 

policies implemented in the area (previous and current), iv) 

key performance indicators of implemented measures and 

policies, and v) results of studies and surveys providing 

relevant information about the conditions of the city. 

The output from a building block may be required as input 

for another (Figure 6). The block of cooperation among 

stakeholders feeds all blocks and key performance indicators 

have to be defined to support the results of studies and 

surveys that will be used to provide detailed information of 

the area regarding freight transport and also to evaluate the 

applied and/or simulated measures and policies. Determining 

common priorities of different stakeholders in an area set the 

basis for defining the key performance indicators that allow 

monitoring and assessing the impact of the implemented 

measures and policies. On the other hand, measures and 

policies could be revised properly based on the results 

derived from the KPIs and in case that priorities change. Data 

sharing among different stakeholders enable consistent and 

coherent information for evaluating implemented measures 

and policies as well as conducted the necessary studies and 

surveys. 

 

Figure 6. Framework of Coordinated Effort of an Action Plan for Urban Freight Distribution. 

6. Conclusions 

The sustainable development of freight distribution is 

becoming urgent nowadays and especially, in port-cities 

experiencing a rapid growth in passengers and freight 

volumes required to be handled, imposing significant 

negative externalities to the urban area. This study is 
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implemented in the case of Piraeus port-city in an attempt to 

contribute to the planning of urban freight delivery and more 

specifically to the decision making of public authorities. The 

proposed framework for coordinated efforts constitutes the 

basis of a successful action plan that aims to assist decision 

makers with the implementation of efficient measures and 

policies for urban freight distribution. Substantial 

cooperation among stakeholders is important to achieve 

sustainable development in port-cities incorporating research 

initiatives and technological developments. 

Results from Piraeus case show that operational 

(economic), energy and environmental costs are strongly 

connected and a sustainable urban distribution can be 

followed if the environmental and social objectives could be 

also conceived as energy and economic objectives for 

industry stakeholders. Moreover, the vision of the city should 

also consider the vision of the port and the carriers’ 

operational goals. On the other hand, the role of research 

supports decision makers to undertake events effectively by 

maintaining an evaluation process to assess current measures 

and policies and propose alternative solutions to implement 

that cover pre-defined priorities. To this end, monitoring and 

data sharing are crucial to examine the performance of urban 

freight distribution activities as a system for the port-city 

area. 
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