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Abstract 

The purpose of this paper is to present the dry port concept, to identify and categorize existing dry ports for the Port of Göteborg and to evaluate the concept from an environmental perspective. The conclusions indicate that implementation of a dry port in the seaport’s hinterland enables the seaport to increase its terminal capacity and hence manage the problem of lack of space. The benefits from dry ports also derive from the modal shift from road to rail; resulting in a reduced congestion at the seaport gates and its surroundings and consequently in improved inland access, as well as in lower environmental effect. 
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1. Introduction
Over the years maritime containerized transport has increased its performance significantly (Cullinane and Khanna, 2000 and Mourão et al., 2002); size of containerships doubled in the last ten years, with the latest vessels on order of 10 000 TEU (Roach, 2004). To meet market demands seaports have tried to increase their capacity within the seaport area but the demand is still growing and environmental concerns of the regulators and the public over the consequences of seaport activities often hinder seaport terminal expansion.  Moreover, the transport services to the seaports’ hinterlands are strained by increasing flows. As container transport volume continues to grow, the links with the hinterland will become a critical factor for the seaports’ competitive advantage, therefore progress only in maritime part of the transport chain and in seaport terminals, without improvements in seaport inland access, is not sufficient for the entire transportation chain to function. 
Parola and Sciomachen (2005) modelled and simulated the potential growth of container flows and their findings show that the modal imbalance results in increased road traffic congestion, since a growth in the sea flow implies an almost proportional increase in the road flow. According to the European Commission (2000/a), the volume of European hinterland transport related to trans-ocean maritime transport will double in the period from 2000 to 2010. And, the road transport has the biggest portion of market share, 73%, in that modal spilt (European Union Road Federation, 2005). Therefore, Parola and Sciomachen (2005) imply that the only strategic decision would be the implementation of rail for connecting seaports with hinterland through inland terminals. Those inland terminals are of major importance for the efficiency of the intermodal transport as well as for efficient access from/to seaports. 
The transport sector is the largest energy consuming sector in the EU and road transport consumes approximately 70% of that energy (European Environmental Agency, 2003), resulting in external effects such as emissions, noise, road accidents, and congestion in the seaport cities and further inland. Transport policies at different levels advocate rail and barge as being more sustainable traffic modes (European Commission, 2001/a) and therefore propose a shift of volumes from road to more energy efficient traffic modes, which are less harmful to the environment and reduce congestion at seaport terminals as well as in seaport cities. The problems related to the substantial growth in the last twenty years of containerized maritime transport should be approached from a joint seaport and hinterland perspective. The idea of dry ports, i.e., advanced intermodal terminals with rail links to seaports, is certainly not new, and the seaport’s role in hinterland transportation is dealt with, e.g., Slack (1999), Notteboom (2002), Notteboom and Winkelmans (2001), and van Klink and van den Berg (1998). In addition, the tradition of land-bridges, mini-bridges, and micro-bridges has a long history in the U.S. (Slack, 1990 and Coyle et al., 2000). However, it has not generally been seen as a tool for consciously solving certain problems that the actors of the transport system meet today. 

This paper emphasizes the importance of functional seaport inland access that would be obtained through implementation of advanced inland intermodal terminals - dry ports, which would make goods handling more efficient; and a shift of freight volumes from road to more energy efficient traffic modes that are less harmful to the environment. Therefore the purpose of the paper is to present the dry port concept, to elaborate the dry port benefits from the perspectives of different actors of the system, and to evaluate the concept from an environmental perspective using modelling and simulation.
The scope of the paper is the seaports’ inland access with dry ports, i.e., advanced intermodal terminals, as a part of the intermodal transport chain. Considering intermodal transport as transport of standardized units involving at least two different traffic modes, only transport processes involving containers were analyzed in the studies. Moreover, the transport of containers from seaports to inland destinations in Sweden, mainly by rail and only a short leg by road was of interest. 
2. Frame of reference
Transport systems have always been designed according to geographical conditions as well as the demand for the transportation, which was determined by the goods quantity and service quality. Currently, environmental issues play an important role in the design as well. One way to accomplish those demands is to employ rail through intermodality. There is no generally accepted definition of intermodality. The European commission (2000/a, p6) defines intermodal transport as the following: “There is a consensus that intermodal transport constitutes a transport process in which two following conditions are fulfilled: 

· Two or more different transport modes are deployed

· The goods remain in one and the same transport unit for the entire journey.”
Reduced energy consumption, optimization of the usage of the main strength of different modes (European Commission, 2000/a and Rutten, 1998), reduction of congestion on road networks, and low environmental impacts (Woxenius et al., 2004 and Kreutzerberger et al., 2003) are considered as the advantages of intermodal (road-rail) transport.
2.1.1. Inland access to seaports
The main problems seaports face today, as a result of growing containerised transport, are lack of space at seaport terminals and growing congestion on the access routes serving their terminals. Parola and Sciomachen (2005) modelled and simulated the potential growth of container flows. Their findings show that the modal imbalance results in increased road traffic congestion, since a growth in the sea flow implies an almost proportional increase in the road flow. A study by the Transport Research Board (1993) also indicated that total seaport commerce was projected to triple over 30 years; consequently, seaport efficiency was threatened by increased bottlenecks in the landside transportation system serving the seaports. For some seaports the weakest link in their transportations chain is their back door, where congested roads or inadequate rail connections cause delays and raise transportation costs.  According to the authors, the strategic decision would be the implementation of rail or improved inland intermodal terminals serving seaports. However, the Transport Research Board (1993) survey identified infrastructure, land use, and environmental and institutional impediments that reduce the efficiency of freight movements on land access.
As elaborated by van Klink and van den Berg (1998) and McCalla (1999), seaports can generate scale economies to operate cost effective intermodal transport with high frequency to different destinations beyond their traditional hinterland; i.e., to use rail to enlarge their hinterland and at the same time to stimulate intermodal transport. The individual seaports try to attract as much flow as is economically feasible and the size and shape of a seaport’s hinterland is not statically or legally determined but varies dynamically due to developments in technology, economy, and society. Despite the advantages stated above there is relatively low share of rail in transport of containers from seaports to the hinterland; the modal split for the transport by rail is, on average, 10%; by barge less than 3% (European Commission, 1998). However, there are seaports that transport significant volumes of containers, up to 30%, by rail, such as Hamburg and Bremerhaven; and Antwerp by barge. 
The concept of hinterland changes constantly and it is generally accepted today that serving seaport hinterlands is more competitive than before containerisation and intermodality (McCalla, 1999). There is a strong interdependency between a seaport’s foreland and hinterland, which is particularly apparent in intermodal transportation. Seaports are not competing only with seaports in their local area but also with distant seaports attempting to serve the same hinterland (Notteboom and Rodrigue, 2004). Notteboom (2001) and van Klink and van den Berg (1998) state that many seaports, as well as shipping lines, integrate vertically to also control hinterland. However, the vertical integration must be done cautiously and respect anti-trust legislation since slot-sharing alliances and conferences are allowed at sea but have been disputed by competition authorities (Slack et al., 2002). Even van Klink and van den Berg (1998) discuss EU regulations on competition since the same frustrate the role of seaports in intermodal operations and hamper the realization of the EU transport policy’s central goal to make transport more efficient and sustainable. 

2.1.2. Inland intermodal terminals

Inland intermodal terminals, as important nodes in the transport network, have gained substantial attention in transportation literature. Considerable research has been conducted on how to find the optimal location for inland intermodal terminals (Rutten, 1998; Macharis and Verbeke, 1999, and Arnold et al., 2004) and how to improve the efficiency of road-rail terminals (Ballis and Golias, 2002 and Kozan, 2000). Earlier research by Slack (1990) on inland load centres shows the importance of their development for intermodal transportation; in his later research (1999) he emphasizes the inland terminal’s - satellite terminals - role in reducing environmental effects. Seaports are among the most space-extensive consumers of land in metropolitan areas and their expansion often generates environmental and land use conflicts; therefore, satellite terminals (inland intermodal terminals in remote areas) are seen as an alternative to seaport expansions (Slack, 1999). In his work on terminals, Woxenius (1997) discusses whether or not the terminals are barriers for intermodality.  Despite their important role in transport networks, terminals sometimes impede the development of intermodal transport with additional transhipment costs at road-rail terminals or due to a shippers’ lack of freedom in choosing traffic modes once they move their business to intermodal freight centres (ibid, pp.15). 
In his comprehensive study TERRMINALS, Rutten (1998) has an objective to determine the interrelationships between terminal locations, number of terminals, shuttle train length, and system performance. He suggests movement of transports from road to intermodal rail over distances longer than 100 km when the quality and service of the intermodal transport is comparable or better than the road. Moreover, the intermodal transport cost should be lower than or equal to the road transport cost (ibid, pp. 281). According to van Klink and van den Berg (1998) rail services are generally competitive at distances above 500 km. However, the critical distance varies due to the portion of transhipment costs, which varies depending on the combination of traffic modes. Distance is not the only prerequisite for the success of intermodal transport, but also the volume of goods and the frequency of the service provided. In the case of the Port of Hamburg, where container cargo already travelling 150 km enters or leaves the seaport by rail, shows that intermodal transport is viable even at shorter distances (HHVW, 1997). 
Höltgen (1995), in his doctoral thesis, deals with the basic problem of differentiation between “conventional” transhipment terminals and the various types of large scale intermodal logistics centres, as well as tries to find a unique definition for the same. The problem is that the concept for intermodal logistics centres varies from country to country, although there is a common background: it should contribute to intermodal transport, promote regional economic activity, and improve land use and local goods distribution. Furthermore, the author suggests classification of intermodal terminals according to some basic functional criteria like traffic modes, transhipment techniques, and position in the network or geographical location. Nevertheless, the transhipment between traffic modes is the characterising activity.

An intermodal road-rail terminal can simply be described as a place equipped for the transhipment and storage of intermodal loading units between road and rail (EC, 2001/b). There are many different terms used for an inland terminal facility, such as Inland Clearance Depot, Intermodal Freight Station, Inland Freight Terminal, Inland Port or Advanced Port. Sometimes the same term is used for different facilities or different terms are used for the same facility (Woxenius et al., 2004). 
2.2. Environmental effects from transportation 
The environmental impacts of the transport sector have increased significantly in the last decade, contributing 45% of total CO2 emissions, and within the EU the road sector is responsible for almost 90% of the emission compared to other modes of transport (EEA, 2003). With CO2 being the main contributor to transport GHG emissions, policies targeting the reduction of CO2 emissions are imperative.

CO2 emissions are directly proportional to fuel consumption. Therefore, establishing the CO2 emission of a certain vehicle relies on an estimation of a vehicle’s fuel consumption.  However, estimating fuel consumption is complex since it is a function of many parameters such as speed, acceleration, traffic volume, driving style, weather, vehicle age and fuel type, road condition, to name just a few. A study by Palmer (2005) has shown a fuel consumption difference of up to 40% depending on whether a constant or variable speed is used in a link. Due to the complexity of estimating CO2 emissions, an approximate measure is used in this study: according to Albrecht (2001) the CO2 emission from a truck during transport with an average speed and average load is 1.2 kg/km; according to Blinge (2005) an average of 1kg/km might be applied. CO2 emission during queuing or driving at very low speed is approximately 6 kg/hour (Blinge, 2005).

The paper by Léonardi and Baumgartner (2004) shows the results of the implementation of the proposed CO2 efficiency measures taken by randomly chosen operators; the measure of moving transports from road to rail or ship is found in only 15% of the companies, to a very small extent and is not expected to rise. The same study showed that the most commonly implemented measures were drivers training and technical improvements, such as low resistance tires, improved motor oils, etc. 

Congestion as a major social and environmental cost of urban transport is targeted by a wide range of policies. Moreover, it involves personal costs such as loss of time, additional vehicle maintenance costs, indirect health effects and stress. Congested traffic produces more air pollutants than smooth traffic flow, generates greater noise and consumes more energy (Salomon and Mokhtarian, 1997). Considering these facts and a growing concern for the environment, a focus is emerging on reducing congestion. 
The main cause of congestion in urban areas is private cars; however, trucks, on their way to or from seaports, usually passing through the seaport cities, also increase the problem. Shifting the transport of containers from road to rail is the political objective, which, with electrically powered rail, would also lower CO2 emissions. 
3. Methodology

A literature study was a method applied during the whole research process. It started as a broad literature study on the subject of intermodal transportation which was gradually narrowed to inland access to seaports and inland intermodal terminals; and it resulted in the description of the dry port concept and its benefits for the actors of the transport system. Additional literature study on transportation related modelling and simulation and on environmental effects from transportation was done for the part of the study related to the evaluation of the concept. Scientific journals, conference proceedings, dissertations, theses, EU projects, as well as business-oriented publications are considered as the literature. The business oriented publications were of particular importance at the very beginning of the research; they served as a source of practical information for initial exploration on the dry port subject. Published materials such as information published on the Internet or annual reports were useful, especially to fill some empirical gaps.

Observation as a data collection method has also been used during the whole research process, but not in such a range as literature study; therefore, it may be considered as of secondary importance or supplementary. It was mainly unstructured participant observation during the study visits as well as jointly with the interviews. It has contributed to understanding of practical issues in the subject related industry. Observation during the visit to the seaport container terminal provided an insight into terminal processes such as truck arrivals, loading and unloading of vehicles and vessels; that was very useful for the modelling.  
Evaluation of the concept from an environmental perspective was conducted by modelling and simulation through a case study. Due to technological changes of traffic modes and handling equipment, and differences in operating conditions at each terminal, past experiences from other seaports may not be applicable for the modelling of one certain seaport (Ballis and Abacoumkin, 1995).  The empirical data that was used as input data into the model and that enabled the modelling were collected through archival records from the Port of Göteborg and through an interview with the seaport rail manager. Data regarding the seaport activities were obtained through the seaport visit, as mentioned above, and through the interview; the same were used to define processes in the model. The validation of the model is done by a subjective method; i.e., the model is validated with the help of the experts in the field using a structured walkthrough of the model. Additionally, some simulation results were analysed for validation purposes. 

The empirical data for identification of intermodal road-rail terminals in Sweden were collected by a questionnaire sent by e-mail and conventional mail to 25 road-rail terminals in Sweden. The response was weak and the data insufficient with different reference years and therefore additional data was collected through archival records and interviews. A preliminary survey encompassed 19 intermodal (road-rail) terminals that handled containers and were connected by rail to the Port of Göteborg, but only 15 were addressed in this study due to their relevant characteristics. Due to inconsistency of the collected data as well as to a small sample the analysis was mainly qualitative; however, cluster analysis was applied to get a better overview of the situation since one of the purposes of the study is categorization of the terminals. 
4. Findings
Corresponding with the purposes of the paper findings are divided in sections. 
4.1. The dry port concept

According to Zimmer (1996) an ideal terminal is not a certain physical configuration of pavement and tracks, but an organisation of services integrated with a physical plant that meets the business needs of a specific marketplace. These physical plants may take many forms, which are influenced by the characteristics of the landscape, their proximity to the seaport or major industrial complex, their location relative to the main rail infrastructure, and their distance from the country’s highway network. This conscious and strategic development of intermodal terminals in the seaport’s hinterland is approaching what is here regarded as dry ports. A dry port is an inland intermodal terminal directly connected to a seaport, with high capacity traffic modes, preferably rail, where customers can leave and/or collect their goods in intermodal loading units, as if directly to the seaport (Woxenius et al., 2004). As well as transhipment, which a conventional inland intermodal terminal provides, services such as storage, consolidation, depot, track and trace, maintenance of containers, and customs clearance should be available at dry ports. The quality of the access to a dry port and the quality of the road–rail interface determines the dry port’s performance. Scheduled and reliable high-capacity transportation to and from the seaport is therefore necessary. Thus, dry ports are used much more consciously than conventional inland terminals, with the aim of improving the situation resulting from increased container flows, and a focus on security and control by the use of information and communication systems. The dry port extends the gates of the seaport inland, with shippers viewing the dry port as an interface to the seaport and shipping lines. To summarize the main features of a dry port:
· Intermodal terminal 

· Situated inland

· Rail connection to a seaport

· Offers services that are available at seaports, such as container maintenance, storage of containers, forwarding, depot and customs clearance
Conventional hinterland transport is based on numerous links by road and only a few by rail, which is generally limited to serving major conurbations at relatively large distances from the seaport, as shown Figure 1a. Dry ports are divided into close, midrange, and distant dry ports; a seaport and all three types of dry ports are presented in Figure 1b. 
The benefits from distant dry ports derive from the modal shift from road to rail, resulting in reduced congestion at the seaport gates and its surroundings. Since one train can substitute about 35 trucks in Europe, the external environmental effects along the route are reduced. Today, seaports compete not only on tariffs and transshipment capability, but also in the quality of inland access. This competition requires seaports to focus on transport links, on the demand for services in its traditional hinterland, and on development in areas outside their immediate market (Notteboom and Rodrigue, 2004). Consequently, apart from environmental benefits, a distant dry port also brings a competitive advantage to a seaport since it expands the seaport’s hinterland, i.e. improves the seaport’s access to areas outside its traditional hinterland by offering shippers low cost and high quality services. Rail operators benefit from distant dry ports simply by the movement of containers from road to rail, which increases the scale of their business. From the shippers’ perspective, a well-implemented distant dry port offers a greater range of logistics services in the dry port area. For environmentally conscious shippers it gives the option of using rail rather than road, thus reducing the environmental impact of their products.

The benefits of a midrange dry port are comparable to those of a distant dry port since the same serves as a consolidation point for different rail services, implying that administration and equipment specific to sea transport are needed at only one terminal away from the seaport. The high frequency achieved by consolidating flows, together with the relatively short distance, facilitates the loading of containers for one container vessel in dedicated trains. Hence, the dry port can serve as a buffer, relieving the seaport’s stacking areas. 

Implementation of a dry port in the seaport’s immediate hinterland enables the seaport to increase its terminal capacity and hence manage the problem of lack of space or inappropriate inland access. With increased terminal capacity comes the potential for increased productivity, since bigger container ships may call at the seaport. Road hauliers lose a marginal market share in terms of road-kilometres, but would still benefit from shorter waiting times at dry port terminals. In cities not allowing long or polluting road vehicles, calling at a close dry port is an alternative to splitting up road vehicles or replacing them with less polluting vehicles.

4.2. Evaluation of the concept from an environmental perspective

Defining the preliminary event logic in Figure 2 was the first step towards the creation of the model for the evaluation of the concept; it shows the type of input data as well as the type of processes in the models. 

A model of a transport system, with and without a midrange dry port, is created and the results of the simulations are compared. See Figure 3 for illustration of the two systems, with and without the dry port. The benefits of the dry port implementation are defined from an environmental perspective, specifically by reduction of CO2 emissions and congestion at the terminals. 
Evaluation of the dry port concept from an environmental perspective was conducted on the case of Port of Göteborg and its hinterland; i.e. on the transport of containers from the seaport to 19 inland destinations. The reference situation (see Figure 3a) represents the transport of loading units from the seaport to the chosen inland destinations by truck. In other words, it represents seaport inland access conducted by truck without an implemented dry port. The scenario demonstrates the system with an implemented dry port (Figure 3b), which means that the transport of the loading units from the seaport to the dry port is by rail, and from the dry port to the inland destinations by road. Thus, the transport of containers is shifted from road to rail on the link from the seaport to the dry port. The objective was to show that there is a way to improve the operations involved in the container flow in order to achieve better productivity, and with that to lower the environmental impact. 
The results for terminal queuing are based on a simulation of four (peak) hours. The reference situation results show that after four hours the number of trucks waiting or queuing at the seaport terminal increased to 23, Figure 4a, giving an average waiting time of 85 minutes. The dry port model, after the same simulation, shows that the number of trucks waiting at the terminal is five, Figure 4b, with an average waiting time of 13 minutes. Not maintaining a predetermined schedule for arrival of trucks at a busy seaport terminal has been shown as the major cause of congestion at a terminal. Long waiting times, apart from financial loss for carriers, increase the risk of road accidents since truck drivers become anxious and might also avoid regular rests during transportation in order to arrive at the destination on time. 

Results for CO2 emissions are based on a simulation for 35 trucks, which is equal to the average number substituted by one train in Sweden. The main characteristic of a dry port is the rail link to a seaport; a simulation for 35 trucks is thus more suitable than a simulation for a certain number of hours, as using a specific number of trucks enables easier and more appropriate comparison. Consequently, the calculated CO2 emissions during simulation of the transport between terminals as well as during queuing (very low speed driving) at the terminals are approximately 25% lower in the model with the dry port. In view of the fact that a major part of these CO2 emissions occurs during the transport between the terminals, only about 4% comes from queuing, the benefit from the dry port implementation can be translated into road-kilometres reduced. Thus, the implementation of the dry port at the chosen location, having two trains a day, would result in a reduction of approximately 2000 road-km per day.  

4.3. Identification and categorization of dry port applications in Sweden

There are five different types of rail freight terminals in Sweden: intermodal freight centres (IFC), conventional intermodal terminals, light-combi terminals, wagon-load terminals, and freeloading sites. The difference among them is in location, services offered, type of traffic modes, and goods handled. Fifteen intermodal (road-rail) terminals that handle containers and are connected by rail to the Port of Göteborg were encompassed in the study. Figure 5 shows the analysed terminals with respect to volumes handled per year and distance to the Port of Göteborg. Categorization of the terminals was not straightforward since volume handled differed significantly between the terminals, as well as types of goods, with no apparent pattern; and in many cases the terminal operators had no knowledge of the types of goods transported in the containers.  
There are few terminals in Sweden that can be categorized as dry ports. All terminals surveyed for the study have rail connection to the seaport, handle containers, and offer transhipment service; however, those characteristics do not make them different from the conventional intermodal terminals. Figure 6 shows clustering of those terminals based on volumes handled and distances from the seaport. Two groups of terminals were identified: midrange (I) and distant (II). However, midrange terminals may be divided further into midrange terminals with low volumes (Ia), up to 20 000 units, and those with high volumes (Ib) above 20 000. The majority of these terminals can be described as simple road-rail terminals, or, due to their rail connection to the seaport, as simple dry ports. What would make a distinction from the simple intermodal terminals and make them more advanced are extra services offered at the terminals as well as the quality of their rail access. 
Stockholm-Årsta is the largest of all surveyed terminals, in number of loading units handled per year as well as in terminal area, and also the most advanced in services offered. The terminal provides customs clearance and storage of containers; moreover, there are several forwarders, hauliers, and shipping agencies situated in the area.  Karlstad-Vänerterminalen also offers a range of services that inland ports usually offer, such as customs clearance, storage of containers, handling of dangerous goods, etc.

Therefore, for the time being, only Stockholm-Årsta and Karlstad-Vänerteminalen may be categorized as dry ports. However, even without the extra services, such as customs clearance or maintenance of containers, some of the surveyed terminals have the role of a dry port for some actors of the transport system, as described previously. 
4.4. Summary

Dry port implementation results in advantages and disadvantages for the actors of the transport systems, these are summarized in Table 1. The most obvious benefit from environmental perspective comes from movement of containers from road to rail which results in less congestion on the roads as well as at seaport terminals, reduced emissions as well as other local environmental effects, Table 1. 
5. Conclusions and recommendations
The dry port concept is based on a seaport directly connected by rail to inland intermodal terminals, where shippers can leave and/or collect their goods in intermodal loading units as if directly at the seaport. In addition to the transhipment that a conventional inland intermodal terminal provides, services such as storage, consolidation, depot, maintenance of containers, and customs clearance are also available at dry ports. The dry port implementation itself certainly is not a straightforward solution for seaport terminal congestion or for better seaport inland access; however, it could be part of the solution. The quality of access to a dry port and the quality of the road–rail interface also determines the dry port’s performance; it is therefore necessary to have scheduled and reliable rail transport between the seaport and the dry port. With dry port implementation CO2 emissions should decrease, queues and long waiting times at seaport terminals should be avoided, and the risk of road accidents reduced. Besides the general benefits to the ecological environment and the quality of life by shifting flows from road to rail, the dry port concept mainly offers seaports a possibility to increase the throughput without physical expansion at the site. However, this study indicates the expected difficulties with the implementation of the concept since intermodal transport itself has many hindrances. The real-world examples show that dry ports are successfully implemented by several ports. The immediate reasons may vary, but a common dominator is that rail has a role to play as an intermediate traffic mode between sea and road. For implementation, however, costs and benefits must be carefully evaluated and distributed between the actors
To conclude with an interesting observation by Vandervoort and Morgan (1999) “A dry port must fit into a complex system where the necessary supporting infrastructure (roads, railways) is in place, maintenance is assured, and the legislative, regulatory, and institutional systems are properly designed to optimize the involvement of both the public and the private sector.” This might serve as a good answer to the question of whether a dry port implementation will result in success or failure. 
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Table 1 Dry port’s advantages and disadvantages for the actors of the transport system.

	 
	Distant
	Midrange
	Close

	Seaports
	+Less congestion

+Expanded hinterland

+Interface with hinterland
	+Less congestion

+Dedicated trains

+Depot

+Interface with hinterland
	+Less congestion

+Increased capacity

+Depot

+Direct loading ship-train

	Seaport cities
	+Less road congestion

+Land use opportunities
	+Less road congestion

+Land use opportunities
	+Less road congestion

+Land use opportunities

	Shipping lines and forwarders
	+Improved service
	+Improved service
	+Improved service

	Rail and intermodal operators
	+Economies of scale

+Gain market share
	+Day trains

+Gain market share
	+Day trains

+Gain market share

	Road operators
	+Less time in congested roads and terminals

-Lose market share 
	+Less time in congested roads and terminals

-Lose market share
	+Less time in congested roads and terminals

+Avoiding environmental zones

	Shippers
	+Improved seaport access

+“Environment marketing”
	+Improved seaport access
	+Improved seaport access

	Society
	+Modal shift

+Less infrastructure

+Lower environmental impact

+Job opportunities
	+Modal shift

+Less infrastructure

+Lower environmental impact

+Job opportunities
	+Lower environmental impact

+Job opportunities


Figure 1 Comparison of a) conventional hinterland transport, and b) implemented dry port concept (close, midrange, and distant dry port).
Figure 2 Preliminary event-logic diagram of the model.
Figure 3 Illustration of the transport system a) without a dry port, and b) with a dry port.
Figure 4 a) Average seaport queue, and b) average dry port queue after four hours of simulation.

Figure 5 Inland road-rail terminals with volumes handled per year and distances to the Port of Göteborg.
Figure 6 Diagram based on distance from the port and volumes handled.


[image: image1.emf]a)

7

8

b)

Seaport Road Rail City Shippers Conventional intermodal terminal Dry port


[image: image2.wmf]INPUT

Trucks

arrive at

seaport/

dry port

PREDEFINED PROCESS

Seaport/dry port process - influenced

by arrival of trucks, loading time,

available equipment and

administrative service

POTENTIAL PROCESS

Possible queues due to

seaport/dry port process

characteristics

INPUT

Containers [TEU]

at the seaport/dry

port ready for

loading

PREDEFINED

PROCESS

Road

transportation of

containers to inland

destinations

INPUT

Distances [km] to

inland

destinations and

CO2 emission/km

INPUT

CO2 emission

during low

speed driving

(queuing)

OUTPUT

Total queue

at the port/

dry port and

total CO2

emission



[image: image3.emf]Seaport Road Rail City Shippers

1

-

19

Dry port

5

2

7

3

8

1

6

19

4

18

a)

5

2

7

3

8

1

6

19

4

18

b)

Seaport Road

City

Shippers

1

-

19

i

i



[image: image4.emf]hours (simulation time)

n

u

m

b

e

r

 

o

f  

t

r

u

c

k

s

a)

hours (simulation time)

n

u

m

b

e

r

 

o

f

 

t

r

u

c

k

s

b)


[image: image5.emf]0 1000020000300004000050000600007000080000

Luleå CT

Umeå CT

Sundsvall CT

Gävle CT

Insjön

Stockholm CT

Borlänge CT

Eskilstuna

Malmö CT

Karlstad

Hallsberg CT

Nässjö

Älmhult CT

Jönköping CT

Åmål 

0 200 400 600 800 1000 1200 1400

volumes

distance

[km]

[Units]


[image: image6.emf]0

10000

20000

30000

40000

50000

60000

70000

80000

0 200 400 600 800 1000 1200 1400

distance from the port [km]

volumes handled [units/year]

Ib

Ia

II









































PAGE  
40

_1207567035.vsd
Text:�

�

Seaport�

Road�

Rail�

City�

Shippers�

1�

�

-�

19�

�

Seaport�

Dry port�

�

�

Road�

i�

City�

Shippers�

1�

�

-�

19�

�

�

�

5�

�

�

�

�

�

�

�

2�

7�

3�

8�

�

1�

6�

19�

4�

18�

�

a)�

i�

�

�

�

�

5�

�

�

�

�

�

�

2�

7�

3�

8�

�

1�

6�

19�

4�

18�

�

b) �


_1207570416.vsd
hours (simulation time)�

number of trucks�

�

hours (simulation time)�

number of trucks�

a)�

b)�


_1205155392.vsd
Text:�

�

�

Seaport�

Road�

Rail�

City�

Shippers�

Conventional intermodal terminal�

Dry port�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

7�

8�

�

�

�

�

�

�

�

�

�

�

�

�

�

a)�

b)�


