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Abstract

The regulation of the access of goods vehicles within city centers is a common initiative in European cities. The aim of this measure, imposed by public authorities, is to force suppliers to make their deliveries under specific conditions that cause fewer disturbances in the city and on other users of the road infrastructure. The paper evaluates the effects of regulation of the access based on time and the usage of a bus lane by freight vehicles. The evaluation is made through the use of microscopic traffic simulation (AIMSUN). Results show that both initiatives can have positive impacts on the urban environment quality.
1. Introduction

In the last decade the world population had an average annual growth of 1.3%. Besides the growth on world population, it has been observed an increase on the movement of people and activities to urban areas. By 2005, over half of the world’s people lived in cities and according with statistics, it is expectable that this ‘urbanization’ phenomenon will even be greater in the future (FAO, 2004). 
As cities grow in population and area, they require more extensive and complex structures to bring goods to consumers and activities from multiple local, regional, national or even international locations. Therefore, changes in demand of goods forces suppliers to permanently adapt themselves to a new and increasing complex scenario to assure an effective functioning of cities’ activities. The entrance of massive flows of goods to supply cities and its users is therefore essential for the maintenance of our existing life style, for retain industrial and trading activities and to the competitiveness of industry in the concerned region (Anderson et al, 2005). However, despite its importance to supply cities, the delivery of goods within urban and metropolitan areas, especially in the core areas of cities with old and established centers, also affects the local community in what concerns to the economic development, quality of life, accessibility and attractiveness of cities (Egger and Ruesch, 2002).
Despite the important role of distribution systems to supply consumers, the delivery of goods is also often pointed out as a main source of negative impacts on urban environment. Just to give some common examples, urban goods distribution vehicles usually cause air pollution and noise, increase congestion, reduce local traffic safety and physically obstruct passenger’s traffic. Once the way goods are delivered influences the dimension and the characteristics of impacts on urban areas, it is needed to seek for more sustainable initiatives to deliver goods.
In the last years several initiatives have been proposed to achieve sustainable targets and some have even been pointed out as ‘good practices’, according with its theoretical or practical results at economic, environmental or social levels (sustainability dimensions). Taking into account the increasing concern on the sustainability of urban goods distribution, the authors evaluated two initiatives, which had already proven to be good practices in specific contexts: regulation of access based on time and the usage of a bus lane by freight vehicles applied to a case study in Porto (Portugal).

The evaluation was made with the use of microscopic traffic simulation. Authors intended to analyze if this initiative could be considered a more sustainable practice to supply the study area, considering both public and private interests. 
2. Urban Goods Distribution Initiatives

2.1 Regulation of the Access of Goods Vehicles
The environmental and commercial benefits of the regulation of access based on time, strongly depend on local conditions and there are examples (and results) of its implementation in almost every European city. The regulation of the access of goods vehicles to urban areas is a measure that imposes conditions to suppliers to enter into a determined area under specific conditions. These conditions are defined by public stakeholders taking into account the industry point of view, the patterns of distribution activities of the area and the traffic circulation. The conditions are chosen in a way that minimizes the impacts on urban environment (public interests) and that at same time tries not affect suppliers’ efficiency (industry interests).

According with Huschebeck (2001) the regulation of the access of goods vehicles can be grouped as follows: (a) regulations related to the type of transport means especially to vehicle emissions, weights and sizes, (b) regulations related to the access time to determined areas, (c) regulations related to preferred truck routes, (d) regulations related to loading and unloading zones and (e) regulations based on licenses. 
The regulation of access based on time is a measure imposed by public authorities, who force suppliers to make their deliveries to a specific area in limited and less sensitive periods. The idea is to define periods in which the distribution activity causes fewer disturbances in the city and on other users of the road infrastructure. It is expected that less interaction with other users, through the separation of different types of traffic, leads to less congestion and to an improvement in safety and environment (Ruesch and Glücker, 2001). On the suppliers’ side, the regulation of the access based on time can contribute to some changes in the way their trips into the city are organized. In principle (and depending on the characteristics of the distribution activity) suppliers may opt to increase the load factors of their vehicles, which can lead to less trips into the city and consequently, to less congestion. 
2.2
Usage of a bus lane by freight vehicles 

The purpose of the shared usage of bus lanes for freight traffic is also to decrease congestion and to improve safety through a more efficient use of the road infrastructure. The idea is that bus lanes occupy a considerable area of road infrastructure which is not used all the time. The usage of bus lanes for freight traffic can lead to a better use of the infrastructure and can reduce the disturbance caused by freight vehicles with other users, through the separation of different types of traffic. The principle is similar to the one cited to the regulation based on time: less physical interaction with other users should lead to less congestion, more safety and a better quality of urban environment.
The implementation of this initiative is usually based on the following conditions: goods vehicles that prove to have a certain number of deliveries a day in the inner city, that respect environmental vehicle conditions and other requirements imposed by the public authorities are allowed to deliver to the inner city outside the given delivery time window and to use the dedicated bus lanes (BESTUFS, 2006). 

3. Case Study

3.1
Background of the Study

Porto is the largest city in the North of Portugal. It is a regional economic centre with 263,000 inhabitants and has a strong regional function for more than one and a half million people. It is a city with a distinct historical centre, where the streets are narrow and the distance between intersections is short, making it difficult to accommodate delivery operations. 

The chosen area for the study was Costa Cabral Street, which links two dynamic areas within the city of Porto. The case study has an extension of about 400 meters and it is characterized by its ancient buildings and by its high density of commercial activities. It is one of the streets with higher density of commercial activities in the city, although as it can be seen in Figure 1 there is a small diversity of commercial branches located in the street. 

Costa Cabral street has a bus lane in one direction and it allows general road circulation in the opposite direction. Traffic counting revealed that there’s an average of 588 vehicles/hour entering the street in the opposite direction of the bus lane. Along the bus lane, the value is of 56 vehicle/hour, having a peak use in the morning and another one in the end of the afternoon. 

The small width of Costa Cabral Street and the existence of a bus lane in one of the directions, together with poor traffic regulations and lack of enforcement cause widespread transgression of the rules. Furthermore, the existence of buildings of high architectural quality prevents changes in the street layout, like the creation of unloading spaces, which could allow reducing the impacts of urban goods distribution activities. Thus, it is difficult to improve mobility and traffic flow in the study area through the introduction of changes in the infrastructure.

Considering the strong restrictions to change the infrastructure layout, alternatively the authors tried to evaluate the potential of the regulation of the access based on time and of the regulation of the access to the bus lane.
3.2
Outline of the study

The evaluation of both scenarios was made using microscopic traffic simulation. The Advanced Interactive Microscopic Simulator for Urban and Non-Urban Networks (AIMSUN) allows to model the behaviour of every single vehicle throughout the simulation period, according to several driver behaviour models such as car following, lane changing and gap-acceptance models. Due to its detailed vehicle modelling, AIMSUN can replicate any kind of traffic detector to collect the basic measurements such as vehicle counts, occupancy, presence, speed and density at any aggregation level defined by users (Xiao et al, 2005).

To support the evaluation that was made using microscopic simulation, a survey was carried out. The data collected was mainly used as an input to the AIMSUN program. The data collection of the survey included the following indicators: parking time, frequency of deliveries according to each branch of activity, type of vehicle (truck, lorries, vans, car), traffic freight flows, use of capacity (full, 50%, less than 50%) and the share of cars and vans in the freight traffic. 121 commercial stores with an average of 14 deliveries/day, mainly belonging to the food and fashion branches. 44% of the stores located there are related to the fashion branch (shoes, clothes and other accessories) and 16% are restaurants and coffee shops. The survey revealed that the average parking time in the area is of 10 minutes per delivery, with the fashion branch having the lowest average parking time (4 minutes per delivery) and the largest one being registered by the food branch (27 minutes per delivery). The food branch is also the one which registers the highest share of deliveries to the area (64%). It was also observed that the vehicles used for delivery of goods are mainly vans (71%) and trucks (23%) and cars have a share of less than 1% in freight traffic. About 75% of these freight vehicles that supplies the area have a load factor < 50%.

It was also collected other additional data, like the identification of the store that received the goods, the place where the supplier stopped the vehicle, the parking solution adopted (bus lane, ramps, double lane, pavement). 

The described information allowed the authors to make a simulation using real data and to achieve the outcomes of the AIMSUN program. First, it were estimated the effects of the implementation of regulation of the access based on time with a time window between 7h30 and 12h00 and an alternative time window between 14h00 and 19h00. These two periods were suggested based on opening times of shops located on the area, local habits and traffic counting results. Authors did not synchronized these regulation periods with other ones existing in the city. 
With this initiative the authors were intending to relieve the road circulation on the opposite direction of the bus lane, using the lane dedicated to buses in a more effective way, but always having the concern of not to disturb the public transport circulation. The outcomes in terms of freight traffic were subsequently used to calculate the impacts of both initiatives on traffic and environment, measured with delay times, fuel consumption and CO2 emissions.

4.
Estimation of effects

Currently, freight vehicles can access to the study area at any time to make deliveries. The regulation of the access that was simulated with AIMSUN only allows vehicles to access to the area between 7h30 and 12h00 or 14h00 and 19h00. The analysis presents the results for those two periods. The authors expected that the implementation of the regulation of the access based on time with the referred time windows would lead to positive impacts in the overall traffic of the area, in the congestion levels and related air pollution and to a good acceptance from some stakeholders directly affected by the initiative.
As it was said before, currently freight vehicles access to the area at any time of the day and park on the direction that allows road circulation for every type of vehicles. Once there are not unloading facilities in the area, if one supplier stops in front of the shop, it creates an obstacle to the road circulation and forces other drivers to invade bus lane to pass him. Figure 1 identifies the main critical areas where suppliers usually park in double lane to make their deliveries. This problem joined to the fact that the bus lane still has capacity to have higher flows than the current ones, lead to the simulation with AIMSUN of the usage of the bus lane by freight vehicles in the periods between 7:30 and 12:00 and 14:00 to 19:00, as long as suppliers fulfill some requirements. The usage of the bus lane for freight vehicles should only be allowed when it does not interfere significantly with the bus circulation. Otherwise, this initiative would transfer a problem that occurs in the other direction to the bus lane and may be creating new additional problems on the previous side. To define the requirements that should be fulfilled by freight vehicles in order to allow them to use the bus lane during the referred periods, four scenarios were simulated. In the first scenario, only freight vehicles that take one minute or less to deliver are allowed to use the bus lane. According with the traffic counting data and with the goods delivery data of the area, just about 10% of the freight vehicles fulfill this criterion. In the second scenario, it would be allowed the access of freight vehicles that registered a parking time not superior to two minutes. About 30% of the freight vehicles would be allowed to access to the bus lane during the periods defined above. The third scenario is the one that allows the access of freight vehicles that take 3 minutes or less to deliver. 50% of the freight vehicles that access to the area take 3 minutes or less to deliver its goods. The fourth scenario estimates the effects of what would happen if the vehicles that take less than 3 minutes to deliver would be allowed to use the bus lane in non-peak periods and the ones who take more than 3 minutes would be forced to leave their goods at a depot instead of parking illegally in double lane in the street.
To evaluate the disturbance caused by each of the scenarios, it was simulated the corresponding delay times. It was made a general comparison between the scenarios and a specific comparison by type of vehicle (Table 1). It was assumed that buses do not pass freight vehicles in the bus lanes, which means that each time a freight vehicle is parked on the bus lane, it obstructs the normal circulation of buses and consequently increases the delay times on the lane. 

During the periods between 7h30 and 12h00 the delay times associated with the regulation based on time would be lower compared with the afternoon period. This is truth to all vehicles, except buses because in the morning period the frequency of the bus lines of that area is higher than in the afternoon period. Thus, if suppliers would concentrate their deliveries in the morning period it would affect the delay times on morning buses in a more negative way than on the afternoon ones. 
In what concerns to the impacts of the (shared) usage of bus lane in delay times, it was noticed that the allowance of freight vehicles, which take less than 3 minutes (Scenario 3) to deliver (about 50% of the current number of suppliers) is more effective to decrease delay times than the allowance of freight vehicles which take less than 1 minute or 2 minutes to deliver (about 10% and 30% of suppliers, respectively). In the overall traffic, the scenario that would allow 50% of suppliers to use the bus lane is the one with better results in the overall traffic in terms of delay times with a reduction of 11% and of 5% in the morning and afternoon periods, respectively. Impressive results are also achieved by this scenario (scenario 3) in what concerns to vans with a reduction of delay time of 35% and of 16%, respectively. This scenario would reduce the delay times on buses by 14% in the morning period and seems to be better than the scenarios of <1 minutes and <2 minutes. This might sound a contradiction because it might not be clear why longer deliver times on bus lanes lead to lower bus delay times. There are mainly two reasons that justify this correlation. The first one is that the bus lane is being used bellow its capacity and consequently it allows other vehicles to use it without provoking significant disturbance. The second one is because the measured bus delays with AIMSUN refer to both directions of the street and not only to the buses driving on the bus lane. Consequently, more freight vehicles using the bus lane capacity relieve more the traffic in all the area and consequently decrease the general delay times. The delay times of buses specifically on the bus lane (and not in all the buses of the area, which results are shown in Table 1) would increase more than 30% for all the studied scenarios.
To complement the analysis of the impacts of both initiatives, the authors also simulated the effects on fuel consumption. It was made a general comparison between the scenarios and a specific comparison by type of vehicle (Table 2). 
Once a significant part of freight vehicles move to the bus lane, the other direction of circulation is relieved of some freight traffic and the negative impacts of deliveries, namely physical obstruction to road circulation in the area is also reduced. Consequently, the fuel consumption is lower. Results on fuel consumption levels seem to point out the morning time window as the best solution, once it leads to lower consumes than the afternoon period. The comparison of the three scenarios of shared use of the bus lane indicates that the scenario 3 (parking times not superior to three minutes) would lead to higher decreases on fuel consumption.
Results on fuel consumption and the characteristics of the vehicles that circulate in the network allowed us to calculate the effects of both initiatives in terms of air pollution. Despite there’s a close relation between fuel consumption and CO2 emissions, the authors opted to estimate the CO2 emissions in order to quantify the impacts in terms of urban environment quality, which is something that fuel consumption results wouldn’t be proper to illustrate (Table 3). 
The benefits in terms of CO2 emissions inevitably confirm the fuel consumption results. The analysis of the overall results in terms of delay times, fuel consumption and CO2 emissions show that the best time window to implement would be the one between 7h30 and 12h00 and the best scenario to allow the usage of the bus lane during non peak periods would be the one which allows freight vehicles with parking times not superior to 3 minutes to use the bus lane and that forces the other suppliers to use the depot. The scenario 4 which would force suppliers that take more than 3 minutes to deliver at a platform located inside one of the quarters of the study area is the one which leads to more impressive results. However, the adoption of scenario 4 would require the acquisition of the land and the construction of a micro-platform, whose costs were not considered on this study. Therefore, results presented here are merely indicatives and more detailed studies should be done to accurately define requirements like the maximum parking time of suppliers that can use the exceeding capacity of the bus lane or the maximum number of suppliers that can use the bus lane. 

The main requirement imposed to the usage of bus lane by freight vehicles was the low disturbance to bus circulation. The analysis by type of vehicle took into consideration not only the impacts on buses (both the ones that use the exclusive bus lane and the ones that circulate on the other direction) but also on private cars and vans. These results were estimated for the specific local area illustrated in Figure 1. Once the study covers the most dynamic commercial part of the street, the benefits obtained on this specific area are expected to be felt on the surrounding area. However, despite the benefits that would be expected to be felt by local suppliers, shopkeepers and residents, some contestation may arise from other users of the road infrastructure that do not have the same advantages.

5.
 Stakeholders

When the subject is the implementation of urban goods distribution initiatives, at least the following stakeholders should be taken into account: suppliers, residents/users, shopkeepers and administrators. In the particular case of the shared usage of a bus lane, it is also essential to consider the bus operators. All of them have different interests, sometimes even conflicting.

The diverse interests of these main groups of stakeholders in regard of urban goods distribution will simply be distinguished in this paper as industry and city interests. This distinction intends to emphasize the difference between private and public interests. The conflicting position from industry and cities on urban freight distribution is understandable. For instance, public stakeholders can impose access regulations in order to reduce congestion and this can have contrary effects on the traffic as well as on the operational costs because it might lead to the use of additional vehicles.

Under this scope, establishing strategies is a difficult balancing act once it involves bringing together a group of key stakeholders with different perspectives. Balancing the different expectations and objectives of the different stakeholders, different approaches and measures appear to have an influence on the performance of the initiative (Huschebeck, 2001). Therefore, the challenge of develop and promote initiatives on these circumstances “is not only finding an appropriate strategy but also one that stakeholders will want to own and invest in” (Henscher and Brewer, 2001). To achieve this, it is fundamental to make different positions and expectations of these stakeholders transparent.

In the particular case simulated on this paper, it is also expectable that private interests are different from the public ones. The private ones, represented by suppliers and bus operators, mainly aim to achieve a better efficiency on their operations. The public ones mainly aim a better quality of urban environment. City access regulations are widespread in Europe and thus, easily imposed by public stakeholders who claim its benefits to the urban environment. However, city access restrictions might be felt as barrier for market parties to plan and operate transport processes, with negative effects on logistical efficiency (Huschebeck, 2004). Also with the shared usage of a bus lane, suppliers and bus operators might not agree with what is imposed by local administrators. Suppliers who do not benefit directly with it might create some opposition to this initiative. Bus operators might fear it as an obstacle to their operations. If all the interested parties can predict the effects of such a measure, the negotiation process is more transparent and can lead to an integrate strategy, which will in principle lead to better results. Microscopic traffic simulation gives a more clear idea about the effects of implementing a measure and it allows stakeholders and interested parties to negotiate in a more diligent way. On this sense, microscopic traffic simulation can be a useful tool to negotiation between public and private stakeholders. An estimation of the results of the initiative through simulation can be determinant to a better acceptance by private stakeholders. 
6. Conclusions

The impacts of this kind of initiatives strongly depend on local conditions of the experiments, so results obtained on this evaluation cannot be widespread. 

The results of the simulation allowed the authors to evaluate the potential of the regulation of the access based on time complemented with the shared usage of a bus lane.

Both measures were expected to lead to social and environmental benefits and thus, increase the welfare of the society. The output of the simulation showed that the implementation of access regulation based on time and the utilization of a bus lane would affect the impacts generated by urban goods distribution in the study area. 
The extraordinary benefits that are probable to happen with the usage of the bus lane during non-peak hours seems to be strongly influenced by the fact that currently the bus lane is not being used in an effective way. The scenario 3 that allows freight vehicles with a parking time not superior to 3 minutes to use the bus lane seems to be the one that would lead to better results. However, the practical implementation of such initiative should be done in a gradual way, after more detailed studies about the respective local and overall effects. It would also be prudent to implement a previous experimental period to validate the estimated benefits of the shared use of the bus lane. The overall results at a meso-scale will predictably confirm what the microscopic results already showed: the shared usage of a bus lane would be a more sustainable measure to supply the area.
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Table 1 – Comparison of scenarios in terms of Delay Time per vehicle per kilometer (seconds)

	
	
	Shared Usage of Bus Lane

	
	Current Situation
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	
	
	
	
	
	
	
	

	All vehicles 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	236
	220
	-7%
	230
	-3%
	209
	-11%
	86
	-64%

	Between 14h-19h
	273
	263
	-4%
	259
	-5%
	259
	-5%
	92
	-66%

	
	
	
	
	
	
	
	
	
	

	Vans 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	251
	195
	-22%
	229
	-9%
	163
	-35%
	79
	-69%

	Between 14h-19h
	286
	363
	27%
	233
	-19%
	240
	-16%
	76
	-73%

	
	
	
	
	
	
	
	
	
	

	Cars 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	229
	219
	-4%
	230
	0%
	214
	-7%
	88
	-62%

	Between 14h-19h
	270
	251
	-7%
	245
	-9%
	236
	-13%
	90
	-67%

	
	
	
	
	
	
	
	
	
	

	Buses 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	328
	317
	-3%
	314
	-4%
	282
	-14%
	153
	-53%

	Between 14h-19h
	314
	289
	-8%
	269
	-14%
	314
	0%
	151
	-52%


Table 2 – Comparison of scenarios in terms of Fuel Consumption in the area (liters)

	
	
	Shared Usage of Bus Lane

	
	Current Situation
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	
	
	
	
	
	
	
	

	All vehicles 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	230
	239
	4%
	236
	3%
	223
	-3%
	162
	-30%

	Between 14h-19h
	337
	330
	-2%
	320
	-5%
	326
	-3%
	209
	-38%

	
	
	
	
	
	
	
	
	
	

	Vans 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	36
	34
	-6%
	40
	11%
	32
	-11%
	25
	-31%

	Between 14h-19h
	27
	26
	-4%
	24
	-11%
	27
	0%
	14
	-48%

	
	
	
	
	
	
	
	
	
	

	Cars 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	140
	147
	5%
	146
	4%
	143
	2%
	101
	-28%

	Between 14h-19h
	217
	216
	0%
	201
	-7%
	204
	-6%
	133
	-39%

	
	
	
	
	
	
	
	
	
	

	Buses 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	15
	14
	-7%
	15
	0%
	13
	-13%
	12
	-20%

	Between 14h-19h
	24
	24
	0%
	23
	-4%
	25
	4%
	1
	-96%


Table 3 – Comparison of scenarios in terms of CO2 emissions in the area
	
	
	Shared Usage of Bus Lane

	
	Current Situation
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	
	
	
	
	
	
	
	
	

	All vehicles 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	599
	620
	4%
	615
	3%
	578
	-3%
	421
	-30%

	Between 14h-19h
	874
	857
	-2%
	831
	-5%
	848
	-3%
	493
	-38%

	
	
	
	
	
	
	
	
	
	

	Vans 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	98
	93
	-6%
	108
	11%
	88
	-11%
	69
	-31%

	Between 14h-19h
	73
	70
	-4%
	67
	-11%
	74
	0%
	39
	-48%

	
	
	
	
	
	
	
	
	
	

	Cars 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	352
	372
	5%
	369
	4%
	360
	2%
	254
	-28%

	Between 14h-19h
	547
	544
	0%
	507
	-7%
	515
	-6%
	334
	-39%

	
	
	
	
	
	
	
	
	
	

	Buses 
	
	
	
	
	
	
	
	
	

	Between 7h30-12h
	41
	38
	-7%
	41
	0%
	36
	-13%
	32
	-20%

	Between 14h-19h
	67
	65
	0%
	62
	-4%
	68
	4%
	2
	-96%
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Figure 1 – Characterization of the main street of the study area
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