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A METHODOLOGY FOR THE REORGANIZATION OF URBAN GOODS MOVEMENTS IN ROME
ABSTRACT 
The paper deals with the organization of the delivery system in Rome. The study outlines the “best practices” and the results of a cluster analysis on the relationships among implemented measures and some socio-economic features of the sites they are implemented in. It then tackles the feasibility of a re-organization process for delivery operations in Rome’s central areas. The study focuses on the design of a suitable loading/unloading lots provision that is currently insufficient. Once such basic requirement is met, it goes on to address the development of strategies to improve delivery operations. 
1. INTRODUCTION
The poor supply of loading/unloading bays in urban areas is one of the most recurring mobility problems. Citizens and operators perceive only the main noticeable aspects of such malfunction and very seldom are able to fully understand the underlying reasons.

The causes of bad performance in delivery operations are manifold: the poor knowledge of the phenomenon, both in terms of statistics and regulations, the lack of dedicated governance measures, the modest participation of operators in decision-making processes. 

In order to support this statement, it is worth reporting some facts on the phenomenon, at national level. In Italy, every year about 500,000,000 tons of goods are moved via road, within a distance range under 50 km, by operators directly involved in retail activities; unfortunately, the national statistics providing data on these facts are based only on surveys on heavy vehicles (> 3.5t) delivery operations. This means that most urban deliveries, usually operated directly by retailers or minor carriers, are not even surveyed and hence most planners, decision-makers and operators agencies do not have a proper view of them. 

Shortcomings in the current data collection systems in Italy are due to poor coordination between national and local authorities.

National bodies collect a wide spectrum of data mainly just to “feed” national statistics. Hence, the broad target means that results are very general. For instance, the National Institute of Statistics - ISTAT collects data on road transport of goods at national level, on a three-monthly basis. Limits of these surveys rely on two factors:

1. 
The bottom – up collecting process does not start from the local level; interviewees (drivers) have to specify provinces of departure and of arrival but not municipal areas; such information is processed on a regional basis. 

2. 
Light commercial vehicles (less than 3.5t) are not taken into account because, according to the European regulations on road freight transport statistical surveys, interviews to drivers of such vehicles are not compulsory; it is worth noticing that currently there are about 2,000,000 commercial vehicles circulating in Italy, but just 300,000 of them carry a load over 3.5t (ISTAT 2005). 

In addition local authorities do not survey freight distribution on a regular basis; data collection for this purpose is either carried out merely to support political/regulatory decisions (just as an added value to a general knowledge of local mobility phenomena) or to provide new data to traffic models, without any real “interpretation” of the freight distribution process. 

Two gaps in the data collection process support this statement; the first concerns the difficulties to obtaining infrastructural supply data strictly related to goods deliveries. Usually, no indicators linking numbers of operators to retail activities, to land use or even to loading/unloading areas (just to mention two very simple ones) are available. But traffic data are also not related to another relevant component: the participation of end-users. Indeed, another point to consider is the local operators’ general wariness; they are not ready for negotiations, so it is very difficult to have proper knowledge of their requirements, which are often based on ”at-all-cost deliveries” rather than on “smart deliveries”. 

The lack of investigations on urban delivery activities partly explains why, under the regulatory point of view, very detailed national directions and specifications on planning and management issues on delivery general activities are not matched by suitable commitment at local authority level. On urban scale, deliveries are usually managed by regulatory tools, such as Urban Traffic Plans - UTPs, which often are too private-traffic-dedicated to appropriately deal with the delivery problems. UTPs generally enforce delivery times (usually early in the morning or during nighttime), making few exceptions for some kinds of goods; restrictions such as load limits, route or mileage limits, and pricing are seldom planned. 

Furthermore, historical urban features and very dense land use greatly complicate delivery system networks in historical centers. Needless to say, the resulting approach used by most local administrators is to provide short-term solutions to emergency situations, short-sighted answers which do not meet citizens’ requirements. 

Last but not least, planners and administrators (and operators, of course) seem to believe that goods can be delivered only by car, no matter the distance or the load involved. Non motorized modes could represent very useful resources for short-distance deliveries or for the so-called “last mile”, the final leg of delivering connectivity from providers to customers. From this point of view, it is no wonder that electric vehicles or waterways are considered “exceptional” measures, the former being too expensive and the latter too fancy, to be included in UTPs. Lessons from pre-World War II Rome, for instance, could remind us that most of the construction materials entered the city via the Tiber, goods for the daily outdoor markets were transported by tramways, mail was delivered on foot. This does not mean changes in lifestyle or a back-to-the-past approach, but shows a raft of non car-oriented delivery options. 

2. THE LESSON LEARNED FROM BEST PRACTICES
Sustainability and livability are often the main engines which prompt local administrators to start enforcing regulatory measures to govern delivery problems. Starting from the analysis of best results, three main trends of governance actions can be outlined: incentives/disincentives to some forms of deliveries, participation and eventually support by external actions; in some cases policies based on a combination of the three trends are applied, but generally speaking decision-makers prefer to implement just one of them, in accordance to the availability of resources, to the common awareness levels, to the built environment. Best practices show, however, that in some cases, these three parameters can be at odds with each other and even hinder the administrators’ decisions. 

A cluster analysis (Musso and Corazza 2005), based on the survey of 20 European cities and towns
 current policies on delivery organization, investigated relationships between implemented measures and the land use patterns according to three key parameters, i.e.: number of inhabitants, size of urban areas (in sqkm) and urban density (inh./sqkm).  

The first step identified some recurring measures implemented in the 20 case studies and categorized them according to the three kinds of above-mentioned governance actions. Thus, regarding the category “incentives/disincentives to some forms of deliveries” the most commonly applied disincentive measures were: enforcement of time slots (50%), loads limits (35%) and access restrictions to high emitting vehicles. Regarding the “participation” category, information was the main recurring implemented action. Infrastructural improvements, such as the provision of new loading/unloading areas, creation of transit points or distribution centers (40%) and fleet renewals to comply with the local emissions standards (30%) are the most frequently applied measures, for both “support policies” and “incentives to some forms of deliveries” categories.

Cities generally tend to apply a raft of measures and very seldom rely on just one measure. Moreover, some measures always seem to go in hand with others: for instance, the synergic implementation of both load limits and time slots, the implementation of distribution centers with zero or low emissions vehicles (30% of the whole bunch of surveyed cities, in both cases) are the most recurring pairs. In 10% of cases, the enforcement of time slots called for an agreement process between operators and administrators. Generally speaking, municipalities seem to prefer implementations at urban level for any measure, whereas agreement processes prior to the enforcement of time slots or load limits occur mainly when they concern central areas. The mix of residences, business and crafts activities (along with built environments where infrastructural supply is based on networks of narrow streets where cars should play a minor role) make administrators worry lest planning activities can fail. Hence, avoiding conflicts is a priority requirement to meet not only because of the mixed land use, but also because of the urban pattern many European cities are based upon. 

It seems that soft approaches (i.e. those based on participation, on infrastructural improvements and funding) occur mainly in cities with between 500,000 and 1,000,000 inhabitants; approaches mainly based on restrictions (time slots for operations, emissions control, weight limits, etc.) are usually implemented in urban areas with 1,500,000 inhabitants and more. 

Another parameter to consider is the cost per capita of a given measure, i.e. the operating costs of the measures, theoretically divided per capita. Of course, this value is not what citizens paid directly, but it can be assumed as a practical parameter (a kind of “threshold”) for administrators who have to choose the more appropriate solution. Conversely, the value may represent a limit for the feasibility of further measures: any intervention more expensive than this threshold could be assumed as affordable only if it can achieve added values. 

According to this approach, the relationship between cost per capita of the most recurring measures (such as compulsory fleet renewal to meet sustainable emissions standards, infrastructural interventions, creation of transit points and distribution centers) and number of inhabitants was studied for middle-sized towns (less than 1,000,0000 inh.) and a minimum threshold, i.e. about 5 Euro per inhabitant, was observed. In particular, the analyzed sample infers that transit points are generally the most expensive solution (12.5 Euro/inh. as mean value), whereas fleet renewal seems to be the cheapest (always <5 Euro/inh.). 

Such results, even though based on a restricted sample, outline the great difficulties involved in selecting the appropriate solution/s to manage the delivery organization and, conversely, how despite their middle-range costs, mere infrastructural interventions (always <10 Euro/inh.) appear to be the most feasible as they are the easiest to apply.   

3. THE ROME CASE STUDY
3.1 Contemporary situation 

Everyday deliveries are an important issue in the mobility scheme of Rome. Freight entering the city via road amounts to about 90,000 tons/day; the historical centre represents 1.1% of the urban area but it attracts 33% of the total amount of delivered goods. About 25,000 freight vehicles enter the Freight Limited Traffic Zone (FLTZ, an area larger than the city centre) per day. Such data, along with other facts and figures come from a 1999 study run by STA – Società Trasporti Automobilistici (the municipal agency managing mobility) on the state of the art of goods distribution in the city’s historical centre (STA 1999). Concerns on livability and cultural heritage preservation were the main causes which triggered off such study.
The aim of the STA study was twofold: on the one hand, to acquire better knowledge of the “distribution of goods”, on the other to collect useful information to develop directions to solve the most recurring problems.

The STA study was developed according to a vast survey, followed up by two focus studies, respectively, on freight distribution demand and supply. It was completed by the analysis of critical issues and the creation of strategies to be implemented.

The core of the study was represented by the results obtained from the survey which included data on:

Counts

· Vehicles counts – operated along 33 road sections (28 within the city centre, 5 at cordons). 

· Spatial distribution of traffic due to commercial vehicles 

· Time distribution of traffic due to commercial vehicles 

Interviews

779 drivers were interviewed at the 33 road sections; such sample was considered satisfactory also in light of previous experiences run in other Italian cities. Interviewees were asked to answer questions about: the vehicles (make of car, type of fuel, full load weight, etc.); origin and destinations (from where and where to goods are travelling, types and amount of goods, how long loading/unloading operations last, frequency of operations, etc.); use of loading/unloading areas (whether they are used or not, if not, why not); possible suggestions to improve the current operative processes. 

The most important results came from inquiries on origins and destinations; indeed, answers not only defined the most recurring destinations, but also listed them according to type of carried goods, and also revealed average times of deliveries per type of carried goods.

About 250 retailers were asked to fill in a questionnaire; besides information on retail activities and sites, shopkeepers were asked to provide information on the delivery process, mainly whether they operated deliveries on their own or by external operators, or both (specifying the number of involved vehicles, frequency of deliveries, weight of parcels, type of vehicles, usual time schedules for deliveries, average time for delivering, etc.). Also the retailers were asked to suggest solutions for the most recurring problems.

Focus Groups

Focus groups sessions were dedicated to operators of some companies (2 – 4 participants per each session); the selected companies were very different (food, fuel, construction materials, furniture, handcraft, logistics, chemical products, etc.) so to have a really representative palette of participants of the urban situation. Questions were very similar to those asked to drivers and retailers, in order to have homogeneous results. 

The quantitative results coming from the surveys supported the assessment of goods transportation demand and the infrastructure supply. For the former, starting from a zoning based on 480 traffic areas, an O/D matrix was developed to determine the number of trips/day originating from each zone towards the others, paying special attention to trips to/from the city center. For the latter, a simple list of loading/unloading areas was provided.

The 1999 survey provided a snapshot of the situation in the Roman area, stressing two key factors for any further development of the delivery operations: the modest amount of the number of loading/unloading areas and the general non perception (and hence non respect) of rules by operators.
Operators’ non respect of rules is the most evident facet of the Roman delivery pattern. According to the 1999 survey, interviewed operators stated that they never (41%) or very seldom (45%) use loading/unloading areas, because they are lacking (27%), too far away (3%), occupied by other, non-commercial vehicles (59%). The interpretation of such habits can be tricky: on the one hand, the statement, by the majority of operators, about the non use of dedicated parking lots could suggest bad behaviors due to the willingness to “deliver at all costs”; on the other hand the reasons why operators do not use them stress the poor parking infrastructural supply for operators, but above all, for citizens who are compelled to park even on loading/unloading areas. 

Hence, the second striking aspect of this process is the lack of an appropriate number of parking lots. The most important shopping district of the city, the so-called Campo Marzio area, can be assumed as an example: in this area there are about 1,500 commercial facilities, 8,000 inhabitants and just 13 loading/unloading areas, all of them virtually with just one lot each.

Thus the Municipality’s first answer just to plan more loading/unloading areas was not the most appropriate solution for the city centre, where narrow streets and citizens’ basic parking requirements make the situation worse, day by day. 

The lack of concern on the environmental consequences of commercial traffic in the city in the 1999 survey is noteworthy, whereas the negative impact is reported in a minor section of the yearly Air Quality Report issued by the Municipality. 

The underestimation of the environmental issues seems to contribute to weasel out of the obligation to intervene on the commercial vehicles fleet. Indeed, a “less-known-but-effective” source of pollution is the old generation of vans and lorries operating in the city, along with excessive mileage. The commercial fleet is composed of about 150,000 units (138,358 conventional and post European Commission directives compliant vehicles, as reported in Table 1, plus about 12,000 vehicles with load > 7,5 t).

Parameters such as the size of the commercial fleet, the high yearly mileage rate and the average speed, and COPERT II and III emissions coefficients, were used to estimate two series of emissions values for the commercial fleet (as described in Table 2). Such data become more significant if compared to those caused by the non-commercial fleet circulating in the city (as reported in Table 3). This comparison stresses that commercial vehicles are: the main cause of emitted particulates (50.9% of the whole PM10 emitted) because of the increased number of diesel-fuelled vehicles, the second cause of NOX emissions (40.2 %) and the third one of VOC and Carbon Oxide (respectively 10.9% and 6.2%). In the global emissions balance, pollution produced by heating systems is not even comparable (about 25%) to commercial vehicle induced pollution (35%).

3.2 The case study

Naturally, Rome municipality would like to apply lessons learned in other European cities to improve its logistic system, specifically in the Limited Traffic Zone, in order to optimize routes and loading/unloading facilities. 

State-of-the-art examples were analysed; in particular the Barcelona and the Paris case studies seemed to be the most relevant to the Rome situation. The former, based on the implementation of multi-use lanes for transit and delivery operations (i.e. dedicated lanes to bus priority and goods deliveries during peak hours, and on-street parking allowed overnight), can be assumed as a smart solution to fight illegal parking, for both cars and goods vehicles (Hayes et al. 2006). However, such solution is not fully transferable to the Rome situation, because of the city centre features (most streets are < 10 meters wide, no transit operations, mixed residential/commercial uses with parking demand at any time of the day). 
The latter, based on a very strict regulation seems to be very effective since it can affect any kind of commercial vehicles; indeed, access timetable are based on the vehicles occupancy size (Dablanc 2000): 
· < 16 m2, no limits to delivery operations, but in rush hours and along the so-called “red streets” (specific streets with bus-dedicated lanes or where on-street parking is not allowed)
· between 16 m2 and 24 m2, from 7.30 to 9.30 a.m. no deliveries along the “red streets”, and from 4.30 to 7.30 p.m. no circulation (and no deliveries) at all. 
· > 24 m2, circulation and operations are allowed from 7.30 p.m. to 7.30 a.m, only. 
Such approach leaves aside street-space issues and concentrates on the delivery organization, at city level; however, it can be successfully implemented only with the operators’ agreement. To some extent, such regulation was assessed as transferable to the Rome situation, once that parking basic requirements are met. 
Hence, for Rome, a study was conducted to assess the real need of loading/unloading areas in the city centre as a pre-requisite to whatever other initiatives should be implemented to solve delivery problems on urban scale. The main results of such study, performed by DITS – University of Rome “La Sapienza” (Musso, Bisanti and Corazza 2004), focus on the detection of a suitable loading/unloading areas supply by comparing place performances and use demand; such comparison defines a kind of do-something scenario, i.e. what would happen if a progressive increase of lots for delivery were applied in a short-term period. 

The above scenario was developed because of the unsuitability of a first estimate based on the creation of a “Business As Usual (BAU) scenario”, in which the implementation of merely local initiatives was assumed to occur. This forecast, merging information on existing data and on the Municipality practice implemented so far, assessed an increase of approximately 10% in lots availability, raising the number of load/unload areas from 186 to 201 in four years as a result of natural growth in supply, and this seemed unsatisfactory. Indeed, the update of some data, collected in the 1999 survey, prompted to the revision of parameters as “commercial density” (number of commercial facilities/sqkm) and “commercial parking supply” (number of commercial facilities/number of loading - unloading bays). Such reconsideration stressed an increase of commercial facilities, along with its diversification (new small department stores, restaurants, media stores, etc.). 

3.3 The methodology

It was thence necessary to develop a comparison between operators’ requirements and space supply, aimed at depicting a realistic do-something scenario. The study was developed starting from spots analyses and an example of how many lots would be needed in a representative street of the city centre is reported as follows. The number of lots required was estimated using a simple formula (1)
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u.r. – utilization ratio

 – frequency of commercial vehicles arrivals (vehicles/hour)

K – frequency of service for a given loading/unloading area, esteemed as 4 vehicles/hour (based on the surveyed occupancy times, which last in average 15 minutes)
n – number of loading areas

The main assumptions for the calculation of the number of loading/unloading areas were: these lots must be used by commercial vehicles only (i.e. no illegal use by private vehicles is possible); frequency of commercial vehicles arrivals can be either the surveyed maximum frequency or the average frequency; u.r. is fixed, either 0.75 or 0.5. Data on arrivals, traffic flows and infrastructural supply were collected during a set of dedicated surveys which took place during the winter 2005. Each kind of commercial activity was surveyed, thanks to interviews with retailers aimed at determining the number of deliveries they receive and send daily and hence the amount of vehicles each kind of retailer manages everyday. The total amount of operated deliveries was summarized into a daily attractiveness coefficient which relates each kind of commercial facility to the daily average number of vehicles that serves it. 
Such survey provided information also on how to fix (a priori) realistic values of u.r.; indeed, according to the real situation (i.e. the real number of operational loading areas, the average occupancy times and the flow of operating commercial vehicles per hour) u.r. varied between 0.6 to 2.9; as observed, optimum situations (i..e. no queues and/or no illegal parking) occurred only when u.r. <1. This meant that conflicts were avoided only in case of loading areas under-utilization. Consequently, 0.5 and 0.75 were assumed as two possible favorable values to avoid malfunctions. 
In Figure 1 Via dei Serpenti, an example of a typical commercial street in the city center, is reported; this case is very representative of a city center commercial street as 53 commercial facilities (plus the car access to the Bank of Italy), two boutique hotels, two churches and some other popular spots are located there. Such pattern attracts 112 delivery vehicles (during shopping hours) every day with an average of about 10 veh/h, with currently only three loading/unloading lots available. 

According to the estimations, the number of lots in Via dei Serpenti increases relevantly. In case of 0.5 u.r., 11 extra parking lots should be required for operations from 7.30 a.m. to 1.30 p.m., (providing a total of 14 lots) and 7 new lots for operations from 1.30 p.m. to 6.30 p.m.; in case of 0.75 u.r., 6 extra parking lots should be required for operations from 7.30 a.m. to 1.30 p.m., (providing 9 lots in all) and 5 new lots for operations from 1.30 p.m. to 6.30 p.m. Extra surveys of commercial vehicles operating on Via dei Serpenti confirmed such requirements; moreover calculations based on 0.5 u.r. seem to be the most appropriate, given the long time required for deliveries to commercial facilities located at the upper end of the street. 
According to an up-scaling process, the amount of lots was calculated assuming the same hypotheses to each street of the city centre where operating loading/unloading areas were available. Such assumptions were possible thanks to the homogeneity of features of most of the streets of the city centre, in terms of location and sorts of commercial facilities, commercial traffic flows, mixed land use. 
Thus, By expanding the obtained results to the downtown level, it was estimated that about 643 new lots are required, in accordance to the current development of the city and consistent with the commercial high-density nature of the area. In light of the fact that creation of new delivery bays often results in fewer parking lots for residents, residents’ parking requirements were also crucial for the assessment of the number of loading/unloading areas. Nevertheless, it was reasonable to consider a smaller amount of lots (about 600), since other hindrance factors, such as driveways, garbage collection points, parking areas for administrative, religious, and tourist purposes, reduced the available space, as well. 

Such amount of lots could noticeably decrease if night deliveries were to become an option. From Figure 2, it is evident that most of the delivery routes operators should drive to the available loading/unloading areas, correspond to the most popular nightlife streets, with high pedestrian traffic, movable street furniture and dehors. It is noteworthy that the Municipality successfully enforced some Night Limited Traffic Zones to preserve such environments. Hence, what would appear to be a solution to ease daytime operations could in reality turn into a new problem. 

3.4 The creation of interventions scenarios

Once the proper number of loading/unloading lots in central areas was identified, the next step was to develop strategies aimed at improving the overall delivery system in order to evaluate the most successful strategy.

The methodology was based on the creation of a short term, do-something simulation in which three strategies/scenarios were performed and assessed. Assumptions to define the strategies goals were made according both to some informal directions coming from Rome Municipality and to the first results achieved in the analysis above mentioned (Musso, Bisanti and Corazza 2004). 
Hence, the objectives for the development of the improvement strategies/scenarios were as follows: 

· To increase the delivered load by 15 % 

· To rationalize the delivery process

· To promote eco-friendly vehicles for delivery operations.

Thanks to these three main goals, the three strategies/scenarios were developed and differed in terms of increasing complexity of application (quantity and quality of the measure to implement) and in terms of “premium” benefits; i.e. the more complex scenario, the better the results. The selection of measures to implement within each scenario was run also according to the results of the analysis of best practices as briefly described in section 2. The three scenarios are described as follows and also summed up in Table 4: 

- Scenario A was aimed at meeting operators’ requirements, in order to increase the loading factors; measures to achieve the goal were related to regulations, infrastructural and management domains; expected results should reduce deliveries fragmentation and inefficient operations. This scenario was considered a soft approach because it was only targeted to control and reduce accidental and not organized operations and to prevent shopkeepers from making delivery operations by themselves. 

- Scenario B was aimed at amending the infrastructural parking situation; indeed, most of the scenario measures were targeted both to improve the parking supply and the delivery processes, especially concerning time and operations. Needless to say, the difference with the previous scenario relies on the higher cost of the measures required by scenario B. 

- Scenario C was the most complex and was virtually dedicated to meet environmental requirements: however in order to put the scenario’s measures into practice, political will and operators acceptance had to be pursued first as the set of measures was very restrictive (due especially to the pricing for non eco-friendly vehicles). This was also a very long-term scenario, so its feasibility must be also based on the possibility to achieve the expected environmental benefits in a very long time. 

The measures implemented in the three scenarios were meant to meet the following general requirements: sustainability (i.e. control of pollution caused by commercial vehicles emissions), parking, safety and security, fight against illegal behaviors, easiness of operations, time savings, reduction of enforcement and control resources, as reported in Table 5. Such requirements answered the needs highlighted by the interviews with local delivery operators and retailers. 

A multicriteria analysis was carried out to assess the suitability of each proposed scenario and provided a different weight to each measure, depending on its influence level (high = weight 3, medium = weight 2, low  = weight 1). This analysis not only evaluated how successful a given scenario could be, but also which were the most effective measures in relation to the interviewees’ requirements. Accordingly, the most needed and effective-assumed measures seem to be time-related ones: city centre access time slots and hence improved travel times. Both actions, however, call for strong regulatory support and strict enforcement, the latter could even be enhanced by upgrading the existing telematic access control system operating in the city centre.

Switching to a more general assessment, the comparison among the three scenarios stresses that Scenario B seems to be the most effective in terms of overall favorable achievements, but both Scenarios A and C seem to be more suitable if the priority is sustainability, as summed up in Table 6.
CONCLUSIONS
An important issue emerging from this study is the mandate to meet parking requirements. Having provided this basic requirement, every other intervention is possible. In Rome, given the poor supply of loading/unloading areas for commercial activities, any extra action in terms of fleet renewal, e-commerce development, logistic platforms location, etc. must be postponed until the loading supply question is addressed and solved. Another point to consider is the participation process: until communication barriers between operators and administrators are overcome, it is not possible to achieve shared, suitable solutions. 

Political will is required, both in terms of measures to implement and in terms of acceptance of disincentives, but political measures are not sufficient when the built environment has premium value. Typically in this case, the provision of loading/unloading areas is poor and conflicts between residents and operators are likely to arise. In this case, only a relative optimum can be reached for each solution.  

Once loading supply issues are solved, decision-makers could tackle delivery problems with a more “mature” approach, which could pave the way for major interventions and for more daring but sustainable options, for instance the switch from car-oriented decisions for some kind of deliveries. 
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TABLES AND FIGURES 

Table 1: Commercial fleet circulating in the Rome Municipal Area, (according to COPERT categories)

	
	unit
	%
	Average km per year
	Distance in km per year

(millions of vehkm)

	Gas-fuelled light vehicles (< 3,5t)

	Conventional before  1994
	8375
	6,05
	17370
	145,5

	93/59 EEC from 1994 
	9132
	6,60
	17370
	158,6

	96/69 EEC
	11077
	8,01
	17370
	192,4

	96/69 EURO III
	13130
	9,49
	17370
	228,1

	Total
	41714
	30,15
	
	

	Diesel-fuelled light vehicles (< 3,5t)

	Conventional before  1994
	30383
	21,96
	17370
	527,8

	93/59 EEC from 1994 
	13387
	9,68
	17370
	232,5

	96/69 EEC
	19425
	14,04
	17370
	337,4

	96/69 EURO III
	26424
	19,10
	17370
	459,0

	Total
	89619
	64,77
	
	

	Gas-fuelled heavy vehicles 

	> 3,5t e < 7,5t
	203
	0,15
	n.a
	

	Total
	203
	0,15
	n.a
	

	Diesel-fuelled heavy vehicles

	Conventional, 91/542/EEC stage I and stage II
	6339
	4,58
	32070
	209,8

	96/69 EEC
	483
	0,35
	32070
	15,5

	Total
	6822
	4,93
	
	

	Total
	138358
	100
	
	

	Source: Rome Municipality Air Quality Report 2004


Table 2: Emissions produced by commercial vehicles circulating in the Rome Municipal area in 2003, (according to COPERT II and III methods)

	
	COPERT II
	COPERT III

	Polluting emissions in t/year

	CO
	6995
	9720

	NOX
	2348
	5177

	VOC
	1407
	1957

	PM
	350
	353

	C6H6
	36
	53

	Source: Rome Municipality Air Quality Report 2004


Table 3: Emissions produced by all vehicles circulating in the Rome Municipal area in 2004 (according to COPERT III method)
	Vehicles 
	Private cars
	Motocrbikes
	Mopedsi
	Buses
	Garbage dispolal vehicles
	Commercial vehicles

	Polluting emissions in t/year

(COPERT III)
	
	
	
	
	
	

	CO
	119229
	26085
	
	366
	151
	9720

	NOX
	6169
	191
	
	1146
	195
	5177

	VOC
	9359
	6330
	
	181
	65
	1957

	PM
	188
	3
	84
	46
	20
	353

	Source: Rome Municipality Air Quality Report 2004


	Objectives:

	1) Increase of the delivered load by 15 %

2) Rationalization of the delivery process

3) Promotion of eco-friendly vehicles for delivery operations

	Scenarios

	A
	B
	C

	Achievable objective: 1
	Achievable objectives: 1,2
	Achievable objectives: 1,2,3

	Measures

	Check on vehicles with carried load less than 1.5 t
	Routes optimization
	Time permissions

	Routes optimization
	Vehicles Routing 
	Check on vehicles with carried load less than 1.5 t

	Vehicles Routing 
	Creation of a TP - transit point 
	Creation of loading/unloadin areas

	Creation of a TP - transit point 
	Delivery to TP during off-peak hours
	Creation of lanes multifunction

	Delivery to TP during off-peak hours
	Routes optimization
	Pricing for not eco-friendly vehicles 

	
	Vehicles Routing 
	Creation of UDC – Urban Distribution Centers 

	
	Creation of a TP - transit point 
	Loading/unloading area booking

	
	Delivery to TP during off-peak hours
	Routes optimization

	Expected outcomes

	Reduction of the number of delivery vehicles
	Reduction of the delivery time by 15%

Reduced congestions on some operation areas
	Reduction of the number of delivery vehicles

	Reduction of the number of unfulfilled deliveries 
	
	Reduction of the number of unfulfilled deliveries 

	Improvement on air quality
	
	Reduction of the delivery time by 15%

	
	
	Improvement on air quality

	Prerequisites

	Specific regulations
Enforcement

	Accompanying measure

	On-board POS


Table 4: The scenarios and the related measures
Table 5. The requirements and the related measures
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Table 6: The scenarios and their relevance
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Figure 1
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Figure 2 

CAPTIONS OF FIGURES

Figure 1: Unloading/unloading lots supply according to 0.5 u.r. calculations
Figure 2: Nighttimes commercial facilities and clusters of loading/unloading areas
� (Rome, Paris, Milan, Utrecht, Freiburg, Basel, Ferrara, Leiden, Terni, Monaco, La Rochelle, Langres, Copenhagen, Barcelona, Siena, Bordeaux, Dresden, Stockholm, Genoa, Rotterdam)
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