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Abstract
The Barge Terminal Tilburg (BTT) is located in the city of Tilburg. Currently, this container terminal is operating near full capacity. Since terminal expansion is not possible, an option for the construction of a new terminal is being prepared. The problem is defined as follows: to determine the best design of the new barge terminal that offers high operational performance without exceeding the environmental standards of urban scenery. The research strives to find a balance between the operational issues and the environmental effects of the designs of the new terminal and to evaluate them on performances and noise emission.
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1.
Introduction Container Barge Transport in Urban Sceneries
Cities are cultural entities acting as ‘attraction centres’, which promote economic development, social interchange and a platform for scientific and technological advances. At present, more than 3,000 million people live and work in the urban area (PrepCom II, 2001). In fact, in 2000, almost 50% of the world’s population was living in cities and by 2020 this rate will go beyond the 60% margin, which indicates that the urban population is expanding at a very high rate. The transition of present urban settlements into mega-cities shows that growth-parameters are expressed with negative consequences among social, cultural and environmental aspects. Air pollution, lack of green spaces, traffic congestion, decontrolled urban and human sprawl and an unbalanced development of urban areas define the present decay of urban sceneries.
At city level in policy making we can observe a tendency to strive for a more sustainable development of our cities. Policy makers try to urbanize the transport in such a way that they try to develop architectures of the networks connecting them to the urban context and meanwhile protecting the inhabitants from noise and pollution. As a result many local authorities have been preparing environmental strategies. A key problem to implementing an achievable sustainable strategy is determining the parameters of measurement (e.g. geographical scale, environmental and social impacts, etc.), and not surprisingly it is extremely difficult to achieve a workable, acceptable set of targets, actions and measures which will result in more sustainable cities, and a more sustainable urban freight transport systems.

As a matter of fact both developments, combined with the favorable environmental performances of barge transport, have lead to a tendency that more cities consider barge terminals into the urban scenery. The embedding of terminals into urban sceneries is not just a matter of technical and physical specifications of a terminal, like the crane capacities, location of the harbor and connection to the main roads. One should take into account the whole urban context and their effects on it.

In this paper we have carried out a study on the design and location of a new terminal in the city of Tilburg. The main research question to be tackled was “How to find a balance between the operational issues and the environmental effects of the designs of the new terminal and how to evaluate the performances?”
After this introduction section 2 provides an overview of the main policy developments related to container barge transport in Europe, USA and the Netherlands and explains the growth of attention for barge transport. Section 3 describes the local settings and conditions of the new terminal. Section 4 gives a short literature review on intermodal transport and describes the academic (modeling) challenge behind the problem how to setup an integrated evaluation of various terminal designs. Section 5 shows the application of our methodology for the new terminal in Tilburg. Section 6 ends with some conclusions.

2
Policy Developments in Barge Container Transport
This section describes the main policy developments in Europe, USA and the Netherlands. Knowing the policy developments makes clear why the growth of barge terminals have established so rapidly.
2.1
Europe

The European Union has been trying to coordinate the efforts of its members since 1997 (PACT - Pilot Actions for Combined Transport) towards the implementation of intermodal transport. Intermodal transport is defined as the movement of goods (in one and the same loading unit or vehicle, which uses subsequently several modes of transport without handling of the goods themselves in transshipment between the modes. (ECMT 1997) In the White Paper - European Transport Policy for 2010: time to decide (EC, 2001), the Commission proposed to take measures which should make the market shares of the modes of freight transport return, by 2010, to their 1998 levels. In 2001, the total freight traffic was divided between the modes as follows: Road 44%  -  Sea 41%  -  Rail 8%  -  Inland waterways 4%, with an ongoing trend of reduction of rail share and a forecast increase of 50% in road haulage by 2010. The ultimate goal for EU is to keep this increase at 38%, diverting the excess on the other modes.

The main measure set by the EU is to help intermodal freight transport to develop the establishment of the Marco Polo Program, with its adoption in July 2003. The Program supports actions that should contribute to shift the expected aggregate increase in international road freight traffic of 12 billion Tonkm per year to short sea shipping, rail and inland waterways. The Program runs from 2003 to 2006 with a budget of 100 € million for the EU Members. More than 20 projects have been approved so far, and the commission will guarantee continuity of action with the establishment of Marco Polo II (2007-2013), which includes new actions such as Motorways of the Sea and traffic avoidance measures. It has a budget of €740 million and has been extended to countries bordering the EU.

2.2
USA

The policy attention for intermodal barge transport in the USA is still new as a policy issue in the USA. The main policy problem in the USA is how to integrate intermodal freight transportation policy in federal, state, and local government transportation programs in the USA. The growth of intermodal freight transport has been a private-sector development, but the public sector is now looking to intermodal freight as a means of controlling government highway costs, reducing pollution and stimulating local employment. The literature reviewed investigates how (see (Morlok et al., 1997)) and in which policy issues (TRB, 1998) public bodies could and should become involved. Eatough et al. (2000) and Zavattero et al. (1998) provide a set of models and procedures to integrate intermodal freight transportation into regional plans and programs. Anderson and Walton (1998) propose a method for rating and prioritising intermodal freight terminals as candidates for government funded access improvements.
2.3
Netherlands

The Netherlands is a country with relative small size but very high population density. There are around 16 million people live in this 41528 km2 country, of which 89% lives in urban areas. It is predicted that more than 93% of the Dutch people will live in the urban areas in 2025 (BCI Consultants, 2002). With the increasing population and highly concentration of economic activities in urban area, congestion becomes inevitable in downtowns as well as on highways. Like many other European countries, the freight transport experiences a substantial increase in these years due to various reasons, like economic globalization induces longer journeys and "just-in-time" delivery asks for smaller and more frequent shipments. Such tendency will last for a long time as long as the economy grows continuously. Although the country has a world famous inland water transport system, the road transport has a much high proportion which occupies 80.8% of total goods transport in 2002. The government has stimulated transport by train and/or barge over the last 15 years and inland terminals have been emerging all over the country. Nowadays both train and barge transport have occupied a large proportion of the local container transportation market In Netherlands the inland market shares of road, train and barge are respectively 44,9%, 4,4 % and 44,2% (CBS, 2004). The other share is distribution by pipelines.
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Figure 1: rail terminal = a green dot, barge terminal = a blue dot
Since we have in the Netherlands a fine-meshed waterborne infrastructure with 5046 km (Pine report, 2004). One very positive aspect of transporting freight by water is the potential for cutting fuel costs: one single 600 tonnes barge can move the equivalent of twenty-four 25 tonnes lorry loads. Waterborne transport normally travels at speeds slower than vehicles on the road, however its ability to carry substantially more in one load delivers considerable economies of scale on larger commercial navigations, and on many other sections of the canal system. Inland shipping is no less than 6 times cleaner than transport by road, and compared to the environmentally friendly train, transport by ship is still 150% cleaner. This is hardly surprising when you realize that one Europa Ship carries the same load as 50 railway wagons or 60 lorries.
In the Netherlands the percentage of goods transported by road is 75%, by barge 23% and by rail 2%. In no other European country the percentage of barge is so high and the percentage for rail so low. This can be explained by the high quality of the Dutch water network. The latest prognosis show that due to the realisation of the Betuwelijn, the amount of freight transported by rail will increase to 4% in 2020. These figures are based on the tonnage of freight per kilometre that is transported. The tonnages per transport mode from 1998 till 2003 are given in figure.
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Figure 2: Freight transport in the Netherlands per transport mode (CBS, 2004). 
Most inland barge terminals have been setup with governmental financial support according to the ‘Landlord’- principle. ‘Landlord’-principle implies that the municipality will finance cost for construction and maintenance of quays and related (ground) infrastructure.
3. Barge Terminal Tilburg: Local conditions and stakeholders 

The Barge Terminal Tilburg (BTT), located in the city of Tilburg since 1998, is one of the most successful intermodal transport container terminals in the Netherlands. Currently, this container terminal is operating near full capacity with an annual throughput volume of 85.000 TEU. With an annual growth rate of 5% on average in waterway transportation the existing terminal will lack sufficient capacity in the near future. Since terminal expansion is not possible at the current location, an option for the construction of a new terminal is being prepared.

Two options have already been given by the municipality of Tilburg, which are named Langshaven and Insteekhaven. The municipality of Tilburg has an option for a new site where a larger terminal can be constructed, which should be put into use in several years. They believe that it can solve the capacity problems. At the same time, they do not want to sacrifice the environment, especially the noise standards.

.
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Figure 3:
Langshaven design 

Figure 4:
Insteekhaven design 
           (Municipality of Tilburg, 2005)

There are two optional designs presented in the former research, which are named Langshaven (see Figure 3) and Insteekhaven (. This Langshaven is a normal standard of the terminal layout, which takes the original canalbank as the berth of the terminal (see A in Figure 3). The second option has its berths vertically to the coast (see B in Figure 4). The terminal then will take less usage of the original coast. If the terminal design is vertically, a turn corner (see C in Figure 4) will be made at the crossway of the terminal. Due to the re-shape of the coast of the canal, the initial investments will be much higher than Langshaven.
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Figure 5:
Potential location of the terminal (Municipality Tilburg, 2005)
Figure 5 shows the location of the new terminal. This is the only candidate site (which is many times the case in urban environments). The space is scarce. An ecological zone has already been built next to the terminal. Southwards at the other side of river houses are situated and people leave there. Since the distance to the terminal is too short, most of the houses will be affected by the noise from the terminal if no certain noise protection methods are taken. There are also a couple farms even closer to the terminal, which will receive more noise than the residential area. However these farms will be demolished and the inhabitants of these farms will receive a financial stimulus to start their business elsewhere.

The introduction of the new terminal involves different parties affected in different ways, as the introduction can be defined as both a technical and social problem. The network of stakeholders defines the constraints of the problem formulation. Except the municipality of Tilburg, other main actors are listed as follows:

Barge Terminal Tilburg (BTT)

They are representing the commercial navigation operator and terminal operator. The attitudes are so important that they supervision the whole navigation system in Tilburg: the terminal in one hand and the ships in the other. They also supervision most of the transportation contracts of the main companies and factories in Tilburg. They are eager to have a new terminal with the continuously expanding of the local container transportation market. A positive outcome is preferred by these actors.

Shippers

At this moment large companies like Sony, FujiFilm, Samsung, Dell Computers and other large retailers are using the terminal establishing direct connections with the harbor Rotterdam. Due to their growth they want a terminal with (JIT-) high-frequency services to Rotterdam and other inland terminals. The shippers have also the expectation that the building of the new terminal will cause more competition in order to reduce the price of transshipment and service.
The citizens living nearby 

They are really concerned about the noise and the pollution to them during the construction and afterwards. While the container is an environmental friendly good compared with the bulks, the noise from the new terminal is seen as the most important issues as it will affect the normal daily life of them (Municipality of Tilburg, 2005). If the environmental standards are shifted due to the operations of the terminal, complaints or resists will appear immediately.

Therefore the focus of the project is defined as follows: to determine the best design of the new barge terminal that offers high operational performance without contravening the environmental standards of the city.

The research strives to find a balance between the operational issues and the environmental effects of the designs of the new terminal and to evaluate the performance. The methodology incorporates interviews and meetings, field research and empirical measurements, operational flow design and modeling, noise study and analysis.

4.
Modeling a barge terminal

This section gives a short literature review on intermodal transport, the conceptual schemes of the simulation model, the simulation modal, the empirical measurement, and environmental measurement.
4.1
Literature review on intermodal (barge) transport
The attention for intermodal research focuses especially on the socio-economic terms shifting from truck transport to intermodal transport (Clarke et al. (1996), Fonger (1993), Engel (1996) and Jensen (1990)). From these studies we can observe that intermodal transport research requires a multi-disciplinary approach. The review also shows that the structure and complexity of intermodal problems demand further development of operations research techniques. Especially, models which can deal with larger and more complex problems are required. We see a strong division between quantitative and qualitative approaches between research categories, which mainly is the consequence of the nature of the research problem. However, a more balanced mixture of both approaches towards the problems is needed. Intermodal research should rely much more on logistic, economic, management and policy theory and methods than it does now, also with respect to the operational parts of the intermodal chain (Bontekoning, 2005)

With respect to infrastructure planning policy makers search for effective measures. They would like to know the effects of a certain measures. For instance the impact of limited truck access on motorways on the use of intermodal transport services. For this type of problems, spatial price equilibrium models and network models have been developed in the past. Most models, however, have been developed for one mode only and cannot deal with intermodal flows. Crainic et al. (1990), Loureiro (1994), D’Este (1995), (van Duin & van Ham (1998), Jourquin et al. (1999), Southworth and Peterson (2000) and Groothedde (2005) have developed network models which are capable of dealing with intermodal flows, which implies that freight can be transferred from one mode to another in the model

via transfer points.

The transportation world does not grant any environmental bonuses. Most deal with the complementary nature and the competitiveness of the various modes of transportation (Beuthe et al., 2001), the choice of modes or routes ( McGinnis, 1989; Lozano and Storchi, 2001), economic returns versus congestion ( Van Schijndel and Dinwoodie, 2000), the logistical aspects of multimodal terminals ( Bostel and Dejax, 1998; Kozan and Preston, 1999; Kozan, 2000), or the environmental impacts of the different transport modes (Campisi and Gastaldi, 1996). The location of the site (terminal) where the modal transhipping takes place is one of the most important elements when evaluating the competitiveness of intermodal transport; it has to be added to other criteria such as pricing systems, distances travelled, volume of flows, transhipment costs, queuing time, etc. Apart from market area theory (see e.g. Nierat, 1997) or some multicriteria approaches (see e.g. Ashayeri and Rongen, 1997; Macharis and Verbeke, 1999), the location criterion is seldom explicitly used, leading at times to inconsistencies in the planning choices
The research performed has led to insights into the complex relationships in the intermodal transport chain. It has also provided ideas about how to improve the efficiency, profitability and level of competitiveness of intermodal transport. However, the integration of with more policy related issues like environmental impact has not established yet. In this paper we have developed a modeling approach to integrate both operational parts of the terminal and related the noise effects for its surrounding.
4.2
Towards a simulation model
The area to be modeled is the zone of the terminal operation area, including the quay wall, the storage zone and the parking place of the trucks. Two interfaces are between the model and the non-inner system area: the entrance of trucks and the quay wall for the vessels. The model of the existing terminal will be created under the conception of discrete modeling as the daily work of terminal operation can be interpreted as a discrete queuing system. Two main queue systems can be observed in the case of terminal operation:

The vessel queuing system
the arrived vessels are served by the cranes or the reach stackers one after another.

The trucks queuing system
the arrived trucks with containers will be unloaded by reach stackers one after another and the free trucks will be loaded by the reach stackers one after another.

Reasons for selecting the discrete modeling are

The mathematical part of the problem can be treated as a stochastic queuing system.

The problem is complicated that the outcomes are not simple and one-sided.

The new terminal we want to study does not exist yet and it is too expensive, time-consuming to experiment with the ‘real’ model.

The correct information needed to describe problem situations is not always available.

It is impossible to describe the system to be studied mathematically.

There is no simple, analytical solution to the mathematical models of the system. (Verbraeck, et al, 2004)
The terminal is controlled by the daily Schedule of the terminal, which is the order of the daily work that will be followed by the operations of the terminal. The main inputs and outputs are the vessels and the trucks: A vessel or truck comes with the containers that need to be transported by another carrier. Then they leave with the containers from the terminal. The resources in the terminal are the reach stackers and cranes. The quay cranes are responsible for loading and unloading the containers on the vessel. The reach stackers will do the processes: loading and unloading the containers in the stacks; loading and unloading the containers on the trucks; and even unloading the containers on the vessel when the quay crane is busy. The outputs of the terminal are the served vessels and the served trucks.
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Figure 6: IDEF0 diagram of container terminal

To make the process of the flow more clearly and readable, a container flow diagram is drawn to show the tracks of import containers and export containers moving in the terminal (see Figure 6). In the simulation model (see Figure 7) the flow of an import container is illustrated by pink arrow and the flow of an export container is illustrated by blue arrow.

[image: image5.emf]
Figure 7: Container flows of the terminal
Formalization of the model is based on the IDEF-description (see Figure 6). Each process is modeled and verified separately. As an illustration of the model logic (in Arena) is presented for the berth processes (see Figure 8). 
[image: image6.emf]
Figure 8: ARENA model Berths (Linked with: Quay and buffering area)
The main berth processes activities: serving the arrived vessels and loading and unloading containers on the vessel. The berths are responsible for the loading and unloading the containers on the vessel. They are connected with the canal to the main seaports and other inland ports. Once a vessel arrives at the quay, a call will be firstly added to the total number of calls. The quay wall can serve at maximum two vessels at same time. Since the number of vessels for transporting the containers is limited and their service will need much more time than the other operations, they will be served with the highest priority. The containers on the vessel will be unloaded to the buffering area at first. Once all the containers have left from the board, the containers needs to be sent to the sea (or inland) ports will be taking from the buffering area and put on the vessel. If the number of containers on the vessel reaches the volume of the vessel or the vessel stays too long at the quay, it will leave the quay and the position will be freed.

Historical data are important for building and validating the simulation model. Most information has been provided by BTT and has a base reference on the year 2005 (see Table 1).
Table 1: Terminal Characteristics (BTT, 2005)

	Terminal Parameters
	Values

	Throughput volume of existing terminal
	85000 TEU/year

	Expected growth of throughput volume
	15% per year

	Maximum growth for at least
	2 more years

	TEU factor (ratio between 40ft and 20ft)
	90% of 40ft , 10% of 20ft

	Handling times
	10000 handlings per acre

	Storing period of a container
	Mostly between 1-5 days

	Vessel owned by BTT
	3 Neokemp newtype push barges

2 Kempenaars

	Call intensity and capacity
	20-22 on schedule calls per week,

A few vessels are out of schedule;

90% of the vessels are full

	Vessel working information
	4 trips/week/vessel

9 hours/trip for existing terminal

7 hours/trip for new terminal

	Truck information
	capacity of 2 TEU

1 to 1.5 hours to make a trip


4.3
Empirical measurements

Although the activities of the terminal are traced and recorded by the BTT, not all the information of the terminal can be found in BTT’s database. To complete the input information of the model, some data need to be found out by practical measurements during a working day of the terminal. A day of empirical measurements has been used to find out the rest of the essential information. The data collection is made on June 3, 2005. The vessels, reach stackers and trucks are recorded separately. Most of the data are the time length of the activities. 
Table 2: Validation on Terminal performances (BTT, 2005)

	Performance Indicators
	Simulation output
	Measured practical output

	Annual throughput
	84,000 TEU
	85,000 TEU

	Number of vessel calls per year
	1544
	Around 1,5 thousand

	Number of trucks into the terminal per year
	46,000 
	Unknown

	Quay crane utilization
	0,2817
	Unknown

	Average utilization reach stackers
	0,5149
	Unknown

	Average storing amount of import containers
	186,32
	Around 200

	Average storing amount of export containers
	199,69
	Around 200

	Average dwell time of import containers
	2,99911 days
	3 days

	Average dwell time of export containers
	3,1445 days
	3 days


All the inputs are derived from the BTT and therefore the simulation output could be validated with the measured practical outputs. From Table 2 we can derive that the simulation results fit well the practical measurements.
Start-up time

In a non-finite system, a start-up time is involved. When the model begins, there are no containers in the model. The number of containers will be stabilized after some vessels and trucks get into the model. After a period the number of containers in the terminal will be stabilized. Table 2 shows the number of containers in the import container stack and export container stack. After five days, both of the lines go more stabilized. It seems that a five- day warm up time can be a suitable start-up time for the model. The run length of the model will be a year, since the terminal will not working on Sunday, a year will only have 313 working days. Everyday starts at 5:00 A.M and end at 10:00 P.M.

[image: image7.emf]
Figure 8: Warm-up time
4.4
Environmental measurement

The environmental standards contain the regulations of the noise emission at the residential area. This will restrict the operations of the terminal. When the noise pollution cannot be controlled in a certain range, the construction of the terminal will likely to be postponed or forbidden. In recent years, the ‘Wet geluidhinder’ is planned to shift towards the more environmental friendly regulations and the regulations are expected to be more restricted. The acceptable noise level at the newly built house will have 5 dB lower than the former regulation (DHV, 1999). Noise experiences and data are derived from a meeting with the BTT and noise experts of Tilburg.

According to the noise experts of Municipality Tilburg, the noise problem has two aspects: the equivalent noise level, which is marked as LAeq and the maximum noise level, which is marked as Lmax. The LAeq is the average value of the noise decibels in 24hours. The equivalent noise level LAeq relates to the working intensity of the terminal. The more activities in the terminal during a day, the higher equivalent noise level it creates. The Lmax stands for the highest noise value. The limit of the noise level in the old residential area is settled in the regulation of the city, which is fixed and unchangeable currently:

Table 3: Limits of noise in residential area (Van Spaandonk, 2005)

	Time period
	Acceptable LAeq
	Acceptable Lmax 

	07:00 - 19:00
	50 dB
	70 dB

	19:00 – 23:00
	45 dB
	65 dB

	22:00 – 07:00
	40 dB
	60 dB


Lmax relates with the noisiest activities in the terminal. Even though the working intensity reaches the terminal capacity, the maximal noise level will not differ from the day with few works. According to the data collected by municipality Tilburg, trucks have a maximum sound level of 109 dB(A) at the body, for a reach stacker 111 dB(A) and for a reach stacker picking up a container it is 121 dB(A). To put down a container by crane in Langshaven will produce 60 dB(A) and put down a container in Insteekhaven design will produce 59 dB(A) (DHV, 1999). Besides the noise pollution, the light pollution will be another constraint of the terminal. Since the terminal stands near farms, the light of the terminal will affect the ecological clock of the animals on the farm. Therefore, the terminal cannot work through the night anyway. The possible working time period will be: 7:00 ~ 23:00.

In order to reduce the noise acceptable to the limits, the BTT have several ways to control the noise pollution into the range of acceptable sound level, which are:
· Control the number of reach stackers in the terminal

As it is known that a reach stacker is the noisiest machine in the terminal the daily work is able to be finished with 2 reach stackers instead of 3 reach stackers.

· Create container walls

For the area between the terminal and the residential area, there is a permanent container wall with five layers erected by the BTT. The container wall can reduce the noise level 8-10 decibels down on average.

· Adjust the working time of the terminal

The Tilburg terminal works in a different schedule to the seaport terminal, which is from 5:00 to 22:00. After the control of the noise by the terminal, the noise is pressed near under the limits of the regulations. Even though, it is not possible for the terminal to work at night. The first two hours of working time (from 5:00 to 7:00) will be constrained with no vehicles working in the area.

5.
New terminal experiments

The new terminal has a larger surface (2.5 ha), which is 25% larger than the old one. Hence the storage capacity will also be relatively increased by 25%. The time length of the trip from Rotterdam to Tilburg of vessel will be shortened from 9 hours’ trip to 7 hours’, which means the new terminal will have more calls in the new location annually with the current amount of vessels. The reach stackers can cover all the operations in the terminal, also including the functionality of the crane. In some combinations the reach stackers will replace the crane.
5.1
Logistics performances

Table 4: Simulation results with stable demand and 15% annual growth
	Demand
	Stable
	Stable
	Stable
	Growth
	Growth
	Growth

	Performance 

Indicators
	New terminal
	New terminal
	Existing terminal
	New terminal
	New terminal
	Existing terminal

	
	With Crane
	No Crane
	
	With Crane
	No Crane
	

	Annual Volume
	82649
	83616
	82642
	190635
	190940
	146670

	# Vessel calls
	1577
	1596
	1567
	2140
	2140
	1648

	# Trucks
	21970
	21673
	22032
	50135
	49978
	38084

	Utilization crane
	0.2674
	-
	0.2653
	0.6
	-
	0.4715

	Utilization reach stackers
	0.329
	0.3144
	0.3288
	0.7595
	0.698
	0.5759

	Average storing amount IC
	213.13
	217.41
	180.99
	215.7
	206.59
	165.51

	Average storing amount EC
	204.51
	203.73
	191.86
	313.49
	306.47
	244.37

	Average dwell time EC
	2.9565
	2.929
	2.4998
	1.1942
	1.2217
	1.2178

	Average dwell time EC
	3.3989
	3.3873
	3.178
	2.5515
	2.4845
	2.553

	Utilization crane (-1)
	0.2655
	-
	0.2633
	
	
	

	Utilization reach stackers (-1)
	0.4843
	0.417
	0.4918
	
	
	


When the market demand keeps stable (no growth) it can also refer to the situation in the first year of the new terminal. In order to reduce noise experiments have been carried out with the use of fewer reach stackers for all the tasks. It shows that the terminal can still perform well with fewer reach stackers. All the 3 combinations perform well in this situation. The main outputs (annual throughput volume, utilizations) do not differ a lot. 

In a growth scenario of 15 % per year the new terminal shows dominant advantages over the exiting terminal. Due to the reduced time length of a voyage and the quick response speed of the trucks, the terminal can have a much higher annual throughput volume over the existing terminal. The storage period of the containers is more satisfactory as well (larger average storage period means the terminal does not have to rush the schedule and shorten the storage period often). There is not much difference between the performances of the new terminal with crane or without crane, which means that the crane is not essential for the terminal, while the impact on the noise emission is unknown. It needs to be noticed that the utilization of the reach stacker is near the capacity; if the intensity of the calls continues to go up, more reach stackers may have to be purchased.

5.2
Noise
The noise measurement is related to the noise level at the nearest house of the residential area. The measurement accommodation elaborates the terminal working conditions of the noise measuring day. The noise emission measurement is based on almost full capacity. The noise emission based on full capacity does not vary too much. But for permit purposes it picks an ideal situation with almost all equipment working in a reasonable way (Witte, 2005). The regular working period is from 5:30 until 22:00. During a day of measuring day 100 containers arrive and 100 containers depart. On average each container takes 4 handlings (ship to shore, shore to truck and vice versa). In total there are 24 transport movements in the night period, 144 transport movements in the day period and 32 transport movements in the evening period (totally 200 movements). The number of ships to arrive is 3 in the day period, 1 in the evening period; and 1 in the night period. Each ship can carry up to 32, 40 feet containers. The west side load and unload area are being served with a reach stacker during the day period. During the night period this area is used to store 12 containers that should be further transported with trucks. Other ships are served with the container crane. Another reach stacker is available for loading or unloading trucks. During the working period peak source noise is derived as a result of acoustic signaling. This can happen during all the periods. In the schedules different movements are represented with the used maximum representative company situation which occurs more than 12 times on yearly basis. The number of handlings is placed next to the arrows.
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Figure 9: Number of Container Handlings
The equivalent sound pressure levels contribute the formulation calculating the equivalent noise level during three periods of the day, see:
L24 hour = MAX { LAeq,day, LAeq,evening + 5 dB, LAeq,night + 10 dB}
(Witte, 2005)

Table 5: LAeq Noise level 
	
	Isolated noise output (dB (A))
	Cumulative noise (with industrial zone)  (dB(A))

	Langshaven – 100% usage
	46
	49

	Langshaven –  60% usage
	44
	47

	Insteekhaven – 100% usage
	48
	50

	Insteekhaven – 60% usage
	46
	48


From Table 5 we see that all the outputs are higher than 45 dB. As mentioned before the noise limit has to be less than 50 dB in the day, 45 dB at night and 40 dB in the evening. The working time of the terminal is from 5:00 to 23:00 (first two hours no machine works), excluding the time period at night. In this case, the equivalent noise in 24 hours is 5 dB lower than the measured value
The maximal noise level Lmax relates to the species of the working only. Even though the working intensity reaches the terminal capacity, the maximal noise level will not differ from the day with fewer works. According to the data collected by municipality Tilburg, trucks have a maximum sound level of 109 dB(A) at the body, for a reach stacker 111 dB(A) and for a reach stacker picking up a container it is 121 dB(A). Therefore, the reach stacker is the noisiest vehicle in the terminal.

Fewer reach stackers may not able to fulfill the tasks in the near future. The utilization of the reach stackers is too high and unrealistic in the practical situation. Therefore, it is not realistic to reduce the activities of the terminal. On the one hand the terminal service demand will be likely to grow continuously, which will increase the service intensity of the terminal. On the other hand, the high utilization (higher than 0.9) of the reach stackers is difficult to achieve. Anyway The terminal will work with some kind of noise prevention method (container walls, green belt, etc.).
6.
Conclusions
At city level in policy making we can observe a tendency to strive for a more sustainable development of our cities. Policy makers try to urbanize the transport in such a way that they try to develop architectures of the networks connecting them to the urban context and meanwhile protecting the inhabitants from noise and pollution. As a result many local authorities have been preparing environmental strategies. A key problem to implementing an achievable sustainable strategy is determining the parameters of measurement (e.g. geographical scale, environmental and social impacts, etc.), and not surprisingly it is extremely difficult to achieve a workable, acceptable set of targets, actions and measures which will result in more sustainable cities, and a more sustainable urban freight transport systems.

Both developments, combined with the favorable environmental performances of barge transport, have lead to a tendency that more cities consider barge terminals into the urban scenery. The embedding of terminals into urban sceneries is not just a matter of technical and physical specifications of a terminal, like the crane capacities, location of the harbor and connection to the main roads. One should take have to take in account the whole urban context and their effects on it.  In this paper we have developed a modeling approach to integrate both operational parts of the terminal and related the noise effects for its surrounding and applied this for a new container terminal in the city Tilburg.
The developed model can simulate the operational flows of the terminal. Based on the 12 busiest days in a year we have linked the operational performances of the cranes, reach stackers and trucks to their noise productions. This insight has given the municipality of Tilburg the opportunity to select the best terminal option in terms of noise reduction and a green belt will be built around the terminal. To our opinion in the near future more similar studies will be executed for the location determination of rail and water borne terminals in urban environments.
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