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Summary. It is expected that freight transport in the European Union will grow

significantly and road transport will account for a major part of this growth. By 2020

almost 30% of CO2 emissions in the European Union will be caused by transporta-

tion. It is obvious that our present patterns of transport growth are unsustainable.

One way toward more sustainable transport is to explicitly take greenhouse gas emis-

sions into account in logistics decisions and to get freight traffic to switch from roads

to alternative transport modes. This contribution discusses drivers and opportunities

for intermodal transport planning. Related literature is surveyed and fields for future

research are identified.

1 Introduction

Human contribution to global warming can no longer be neglected. The global

costs triggered by climate warming will result in a fall in world GDP of be-

tween 5% and 20% per annum if we do not drastically reduce greenhouse gas

emissions [23]. Carbon dioxide (CO2) is seen as the most important anthro-

pogenic greenhouse gas and the primary source of the increased atmospheric

concentration of carbon dioxide is fossil fuel use [18]. The share of transport

in total CO2 emissions in the European Union increases continuously and will

account for almost 30% of total CO2 emissions in the year 2030 [7]. By far, the
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largest share of CO2 emissions related to freight transport results from road

transport which, in the year 2000, accounted for 43% of EU freight transport

(see Figure 1). Until 2020 freight transport in the European Union will con-

tinue to grow rapidly and road transport will account for a major part of this

growth (see Figures 1 and 2).

These figures show that our present patterns of transport growth are un-

sustainable. One way toward more sustainable transport is to get freight traffic

to switch from roads to alternative transport modes, especially rail, but also

short-sea and inland waterways.
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Graph 2.3: Evolution of modal split in freight transport, 2000–20

39 %

3 %
4 % 11 %

3 %
3 % 9 %

3 % 3 % 8 %

43 % 39 % 46 % 41 % 45 %

2000 2010 2020

Graph 2.4: Evolution of modal split in passenger transport, 2000–20

76 % 6 %
1 %

8 %

9 %
76 % 6 %

1 %

9 %

8 %
77 %

5 %
1 %

11 %

6 %

2000 2010 2020

Road
Rail
Inl. waterways
Pipelines
Sea

Bus & Coach
Railway
Tram & Metro
Air
Passenger Cars

Source: [5]

Fig. 1. Evolution of modal split
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Part 2:	 Projections of transport volumes and modal shares
                  (based on Assess study)

Table 2.1: Key trends foreseen as a baseline

Most likely 2000–20 transport activity growth in the EU-25 (%)
GDP 52
Overall freight transport 50
Overall passenger transport 35
Road freight transport 55
Rail freight transport 13
Short sea shipping 59
Inland navigation 28
Private car 36
Rail passenger transport 19
Air transport 108

Graph 2.1:	 Expected growth in freight transport activity by mode (2000 = 100)
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Graph 2.2:	 Expected growth in passenger transport activity by mode (2000 = 100)
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Fig. 2. Development of freight transport
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2 Intermodal freight transport

Intermodal freight transport is the movement of goods in one and the same

loading unit or road vehicle, which uses successively two or more modes of

transport without handling the goods themselves in changing modes [8]. While

classically transport planning mostly focused on one specific mode of trans-

port, intermodal freight transport has developed into a significant sector of the

transport industry in its own right [3]. Due to this development, intermodal

freight transportation research is emerging as a new transport research appli-

cation field. [15] survey intermodal transportation research and categorise it

using two criteria: the type of decision maker and the time horizon of the de-

cisions. Different decision makers in intermodal transport face different plan-

ning problems. Drayage operators organise the planning and scheduling of

trucks between terminals and shippers and receivers. Terminal operators man-

age transhipment operations from road to rail or barge, or vice versa. Network

operators are responsible for infrastructure planning and organisation of rail

or barge transport. Finally, intermodal operators can be considered as users of

the intermodal infrastructure and services. They select the most appropriate

route for shipments through the whole intermodal network. The time hori-

zon of the decisions is divided into a) long-term: strategic decisions that often

require large capital investments into resources, b) medium-term: tactical de-

cisions aiming to ensure an efficient allocation of existing resources, and c)

short-term: operational decisions influencing the execution of transportation

processes.

While [15] lists various research works focusing on drayage, terminal, and

network operators for strategic, tactical, and operational decision making, it

appears that there are only few works focusing on short-term planning prob-

lems of intermodal operators. Among them are [2], [1], [16] and [27] who present

methods for determining the optimal route through an intermodal transporta-

tion network for a single shipment. More recently [4] and [17] include timetables

of transportation modes into models for routing shipments through intermodal

transportation networks.
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3 Increasing sustainability

In order to facilitate a shift in the modal split it is indispensable to understand

the reasons for the prevailing dominant role of road freight transportation. As

a result of global competition many companies increasingly apply just-in-time

practices in order to cut down inventory levels. Just-in-time practices necessi-

tate punctual, reliable, and flexible transportation, as with reduced inventory

buffers any mismatch between supply and demand can result into significant

disturbances of supply chain performance. The road haulage sector offers its

customers fast and flexible door-to-door services providing one face to the cus-

tomer. This is particularly important as one element of just-in-time practices

is the reduction of order sizes and more frequent requests for deliveries with

respect to the current demand and inventory levels [22]. Rail, short-sea and in-

land waterway transport, however, cannot satisfy the resulting requirements as

effectively [21]. On the other hand, road transport is the least environmentally

friendly mode of transport.

Transportation services that are punctual, reliable, and flexible as well

as sustainable can only be provided if the specific strengths of each mode

of transport are combined according to the specific customer requirements.

Transportation service providers currently focusing on road transportation can

only provide more sustainable services if they include intermodal services into

their portfolio. Without this integration of intermodal services they are at risk

of loosing customers when shippers are becoming increasingly concerned with

environmental issues.

Today’s planning tools for road transportation are mainly based on the

vehicle routing problem and its variants, see e.g. [25]. Most cassical models

for vehicle routing, however, cannot consider intermodal services. The general

vehicle routing problem (GVRP) presented by [12] differs from these models

as it allows specifying transportation requests by a sequence of locations that

must be visited in a predefined order. Time window constraints imposed on

these locations allow for considering transportation requests in which a part

of the transportation between origin and destination must be realised by a
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specific roll-on/roll-off train or ferry. Although the GVRP has certain capabil-

ities of considering accompanied intermodal transport, it can neither decide on

whether intermodal transport shall be chosen or not, nor which specific train

or ferry shall be used.

Multiple time windows, as considered by [26], could be included in the

GVRP to consider timetables of specific train or ferry connections. Mode choice

decision methods for a single shipment (as those cited in the previous section)

can be included to furthermore decide on which roll-on/roll-off link shall be

used or whether the entire trip shall be performed on road. Considering roll-

on/roll-off transport within vehicle routing models would not only give oppor-

tunities for improving environmental performance. In the presence of drivers’

working hour regulations as imposed by the European Union, roll-on/roll-off

transport can reduce total transit times including driving time, breaks, and

rest periods. According to EU legislation drivers can take compulsory daily

rest periods while travelling on train or ferry. Methods for scheduling driv-

ing times, breaks, and rest periods as presented in [10] can be extended to

consider the respective provisions. Planning methods that are capable of con-

sidering drivers’ working hours in intermodal transport can bring significant

advantages as trucks keep moving while drivers take their daily rest.

As efficiency, punctuality, reliability, and sustainability can be conflicting

objectives, sustainable transportation planning must consider multiple criteria.

Multi-criteria decision making (MCDM) has received increasing attention due

to the fact that in many real world decision making problems, decision makers

have to deal with several conflicting objectives. Interestingly, multi-objective

combinatorial optimization problems have not been studied widely [6]. Even

less mature is the research in the domain of multi-objective vehicle routing

problems which are surveyed in [13].

Depending on when the decision maker introduces his/her preferences,

three approaches to multi-criteria decision making can be distinguished: a

priori, a posteriori, and interactive decision making. A priori approaches re-

duce the multi-objective problem to a single-objective problem by optimising

a utility function composed of the weighted sum of the different goals. This
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concept, however, may be difficult to use as the decision maker may not be

able to state his/her preferences in the required way. A posteriori approaches

first identify the set of pareto optimal solutions, and then allow the decision

maker to select a most-preferred solution. This approach requires the calcu-

lation of a potentially very large number of pareto optimal solutions as well

as the verification and acceptance of the most desirable solution by the hu-

man decision maker. The method by [24] follows this approach. Interactive

approaches allow the gradual articulation of preferences by the decision maker

and compute a sequence of solutions based on his/her individual statements.

Such an interactive approach for multi-objective vehicle routing is presented

by [9].

For intermodal transport planning, approaches for multi-objective vehicle

routing must be extended in order to consider the additional complexities of

the GVRP and it’s extensions proposed above. Existing approaches for multi-

objective vehicle routing often focus on global criteria such as total costs and

total tardiness. For real-life applications, however, the decision on the trade-

off between costs, on-time delivery performance and environmental impact

depends on the requirements of the specific customers. Thus, a large number

of preferences must be articulated by the human decision maker.

Another challenging complexity arising in real-life transportation problems

is that computer representations of planning problems are imperfect and prob-

lem data are incomplete [19]. Consider, for example, that a shipper asks that

a load shall be picked up in the morning before noon, when his dock is not as

busy. Consequently, the load is entered as being required to be picked up in

the morning. The computer model now treats an afternoon pickup as a service

failure, when in fact all the shipper was trying to do was express a preference.

Because of the cost of getting information into the computer, a significant

amount of relevant information that is available to the human decision makers

may not be able to the computer. Therefore, solutions obtained by algorith-

mic approaches cannot always be fully implemented. According to [20], several

motor carriers report that average usage of model recommendations is below

60%, and good performance is considered around 70%. In order to deal with
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this issue, [14] present a framework for interactive problem solving. The con-

cept is founded in posting a problem to a planning method in order to let it

generate a solution. The returned solution usually does not satisfy all real-life

requirements. Therefore, dispatchers may add, modify, or remove certain con-

straints in the analytical model. The modified problem is again posted to the

planning method, and after a solution is found, further modifications to the

model can be made. A similar approach is presented by [11]. This approach

differs from the previous as it allows several dispatchers and the computer to

simultaneously and concurrently optimise the problem.

In order to effectively handle customer dependent preferences and the in-

evitable impreciseness of models for intermodal transportation planning, fur-

ther research in multi-objective and interactive optimisation is required.

4 Conclusions

Freight transportation accounts for a significant part of total CO2 emissions

in the European Union. In order to improve sustainability a modal shift from

road transport to other modes of transport is required. New ways of planning

freight transport must be developed, taking into account that today and in

the near future, most freight is transported on roads. Transportation service

providers must provide more sustainable transportation services taking into ac-

count specific requirements of the shippers. Instead of burdening the shipper

with the mode choice decision, transportation providers can integrate vehi-

cle routing and mode choice decision within their planning methods. Such an

integrated planning tool can not only improve environmental impact of trans-

portation services, it can also generate operational benefits by reducing total

transit times. Congested motor ways can be bypassed and transportation ser-

vices can be planned in such a way that drivers can take their compulsory daily

rest periods while travelling on a train or ferry. Towards such an integrated

planning tool, future research is required to extend and combine existing ap-

proaches for rich vehicle routing, intermodal mode choice, multi-objective and

interactive optimisation. Although some of the research challenges discussed in
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this contribution may be resolved fairly easily on its own, tackling all of these

challenges simultaneously will be a difficult challenge that future research will

have to tackle in order to develop an effective intermodal planning tool.

References

[1] C. Barnhart and H. D. Ratliff. Modeling intermodal routing. Journal of

Business Logistics, 14(1):205–223, 1993.

[2] B. S. Boardman, E. M. Malstrom, D. P. Butler, and M. H. Cole. Com-

puter assisted routing of intermodal shipments. Computers and Industrial

Engineering, 33:311–314, 1997.

[3] Y. M. Bontekoning, C. Macharis, and J. J. Trip. Is a new applied

transportation research field emerging? A review of intermodal rail-truck

freight transport literature. Transportation Research Part A, 38:1–34,

2004.

[4] T. S. Chang. Best routes selection in international intermodal networks.

Computers and Operations Research, 35(9):2877–2891, 2008.

[5] European Commission. Keep Europe moving - Sustainable mobility for

our continent. Office for Official Publications of the European Communi-

ties, 2006.

[6] M. Ehrgott and X. Gandibleux. A survey and annotated bibliography of

multiobjective combinatorial optimization. OR Spectrum, 22(4):425–460,

November 2000.

[7] European Commission: Directorate General for Energy and Transport.

European energy and transport - Trends to 2030 - Update 2007. Office

for Official Publications of the European Communities, 2008.

[8] United Nations Economic Commission for Europe. Terminology on com-

bined transport. Technical report, United Nations, 2001.

[9] M. Geiger and W. Wenger. On the interactive resolution of multi-objective

vehicle routing problems. In Evolutionary Multi-Criterion Optimiza-

tion, volume 4403 of Lecture Notes in Computer Science, pages 687–699.

Springer, 2007.



A Roadmap for Sustainable Freight Transport 55

[10] A. Goel. Vehicle scheduling and routing with drivers’ working hours.

Transportation Science, (forthcoming), 2008.

[11] A. Goel and V. Gruhn. Collaborative dispatching of commercial vehicles.

In Proceedings of the 2nd IEEE International Conference on Cybernetics

& Intelligent Systems (CIS 2006), pages 115–120, 2006.

[12] A. Goel and V. Gruhn. A general vehicle routing problem. European

Journal of Operational Research, (in press), 2007.

[13] N. Jozefowiez, F. Semet, and E. G. Talbi. Multi-objective vehicle routing

problems. European Journal of Operational Research, 189(2):293–309,

2008.

[14] H. Kopfer and J. Schönberger. Interactive solving of vehicle routing and

scheduling problems: Basic concepts and qualification of tabu search ap-

proaches. In HICSS ’02: Proceedings of the 35th Annual Hawaii Inter-

national Conference on System Sciences (HICSS-35)-Volume 3, page 84.

IEEE Computer Society, 2002.

[15] C. Macharis and Y. M. Bontekoning. Opportunities for OR in intermodal

freight transport research: A review. European Journal of Operational

Research, 153(2):400–416, March 2004.

[16] H. Min. International intermodal choices via chance-constrained goal

programming. Transportation Research Part A: General, 25(6):351–362,

1991.

[17] L. Moccia, J. F. Cordeau, G. Laporte, S. Ropke, and M. P. Valentini.

Modeling and solving a multimodal routing problem with timetables and

time windows. submitted to Networks, 2008.

[18] Intergovernmental Panel on Climate Change. Climate Change 2007: Syn-

thesis Report. Fourth assessment report, Intergovernmental Panel on

Climate Change, 2007.

[19] W. B. Powell, A. Marar, J. Gelfand, and S. Bowers. Implementing real-

time optimization models: A case application from the motor carrier in-

dustry. Operations Research, 50(4):571–581, 2002.

[20] W. B. Powell, M. T. Towns, and A. Marar. On the value of optimal myopic

solutions for dynamic routing and scheduling problems in the presence of



56 Asvin Goel

user noncompliance. Transportation Science, 34(1):67–85, 2000.

[21] J. P. Rodrigue, B. Slack, and C. Comtois. Green Logistics (The Para-

doxes of). In The Handbook of Logistics and Supply-Chain Management,

volume 2 of Handbooks in Transport. Pergamon/Elsevier, 2001.

[22] K. Srinivasan, S. Kekre, and T. Mukhopadhyay. Impact of Electronic

Data Interchange Technology on JIT Shipments. Management Science,

40(10):1291–1304, 1994.

[23] N. Stern. The Economics of Climate Change: The Stern Review. Cam-

bridge University Press, January 2007.

[24] K. C. Tan, C. Y. Cheong, and C. K. Goh. Solving multiobjective vehicle

routing problem with stochastic demand via evolutionary computation.

European Journal of Operational Research, 127(2), March 2007.

[25] P. Toth and D. Vigo. The Vehicle Routing Problem. SIAM Monographs

on Discrete Mathematics and Applications, Philadelphia, 2002.

[26] H. Xu, Z. L. Chen, S. Rajagopal, and S. Arunapuram. Solving a practi-

cal pickup and delivery problem. Transportation Science, 37(3):347–364,

2003.

[27] A. Ziliaskopoulos and W. Wardell. An intermodal optimum path algo-

rithm for multimodal networks with dynamic arc travel times and switch-

ing delays. European Journal of Operational Research, 125(3), September

2000.


