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Model of Container Transport System in Long Distance
Freightage — Analysis and Optimalization of Supply Chain

Augustyn Krzysztof Lorenc
Cracow University of Technology, Poland

This article is about the integration idea of rail and road long-distance transport to increase the efficiency of
the transport chain. The article compared two transport models - conventional (using road transport) and intermodal
transport (using road and rail transport). The proposed intermodal model uses the Container Transport System for
freight transport in relation: consolidation point (company) — container terminal — rail transport — container
terminal — deconsolidation point and radial transport system of road transport to ensure door-to-door delivery.
The model was examined to optimize cost, time, capacity and environmental factors. Moreover, in the article the
main features of both models were identified and compared. Freight rates and the prices given in the article are
consistent with the actual rates charged by carriers, but they are not an offer.

Keywords: Container transport system, supply chain, international transport, transport model, optimization of
freight transport, UTL.

1. INTRODUCTION countries'. Data illustrating the changes in the
amount of cargo transported in Poland compared to
the most active countries in the European Union in
the years 2004-2010 are presented in Figure 1 and
Figure 2.

Increase in fuel prices results in an increase of
freight rates particularly noticeable in road
transport. The cost of the transport process is
therefore an increasing proportion of the total cost
of the product which reaches the market. This is
even more accentuated regarding the goods of
small value and in the case when a product must be
reloaded several times before it reaches its
destination. Additionally, each reloading in the
transport process exposes an additional loss of time
and may be the cause of delays resulting from the
needs which include: checking documents, goods,
weather conditions hindrance or even prevent
reloading and damage to cargo in one of the earlier
stages of the transport chain. In order to minimize
the cost of transport it is necessary to improve
supply chain management and often use several
modes of transport, such as intermodal road and
rail transport.

Taking into account the statistics of the
European Commission, Eurostat, the volume of
freight road transport and rail transport in Poland is
classified as one of the leading FEuropean

! Webpage: http://epp.eurostat.ec.curopa.eu state as on
21.05.2012
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2004 2005 | 2006 2007 2008 2009 2010

Germany 2767666 | 2765459 | 2919819 | 3028466 | 3078347 | 2769201 | 2734605

e France 2076659 | 2059715 | 2181675 | 2258028 | 2203204 | 1939431 @ 2015493
Spain 2012563 | 2210372 | 2387159 | 2408762 | 2120241 | 1710946 | 1566270

e [tally 1424490 | 1508701 @ 1483800 | 1496878 | 1520415 | 1468954 | 1527763
Great Britain 1779742 | 1780839 = 1854275 | 1918963 | 1776203 | 1460797 & 1521135
Poland 732049 863395 897414 984237 | 1093406 | 1170478 @ 1276672

Fig. 1. The volume of freight road transport, 2004-2010
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Germany 310261 317294 | 346118 361116 371298 312087 355715
France 117415 107532 109222 111236 109509 86127 85045
Spain 30514 29731 29862 29918 26906 21292 21986

e taly 83533 89755 102169 105314 95810 76336 84435

———Great Britain 118561 103263 109194 104383 103180 87666 89241

——Poland 282919 269553 291394 245307 248860 = 200819 216767

Fig. 2. The volume of rail freight in 2004-2010

Basing on the presented data it can be
concluded that Poland has a great potential for
using road transport. Therefore, the aim of this
paper is to analyze the carriage of goods by rail
and road in terms of cost, time, transport, taking
into account capacity and ecological factors. The
paper has also taken into consideration the issue of
integration of the two modes of transport in order
to optimize the whole transport chain.

2. THE DOMESTIC ROAD AND RAIL
TRANSPORT

In order to analyze road and rail transport a
similar route was established between two
locations - the same in both cases. These are:
Mataszewicze (station code 040600, Post Code 21-
540) and Kobylnica (station code 031021, Post
Code 61-302). The connections between these
locations are presented in Table 1. As a kind of
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cargo selected neutral goods, class NHM 851430 -
other stoves, electric.

Table 1. Transportation of cargo (NHM 851,430)
between the locations Kobylnica and Mataszewicze

Conventiona | Intermoda Conventional
1 rail 1 rail road transport
transport 2 transport 3
Real distance 491 491 482.8*
[km]
Cargo weight 22 22 22
[t
Method of A two-axle Atwo-axle | Semitrailer (tilt)
transportatio | wagon Kgns, wagon 13.6x2.45x2.60
n / load units body length Kens, m
12.5m container
40'
Rate of 4548.42/ 3487.00 1156.00
freightage 206.75 per
[PLN] ton
Driving time 8h 8h 7h

2 Webpage: www.koleja.pl state of 22.05.2012
3 Webpage: www.koleja.pl state of 22.05.2012
4 Webpage: www.emapi.pl state of 22.05.2012
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Comparing all the cases shown in Table 1, a
significant difference in freight cost can be noted.
The weight of the load and its dimensions are
comparable - 212Z Kgns wagon load length of
2.74m width 12.5m, container 40 '1 A dimensions:
2438m x 12.192m and semi-trailer with
dimensions 13.6m x 2.45m. It was assumed that
there is no possibility to benefit from discounts for
any mode of transport. Discounts are accrued on
the contract and orders are mainly dependent on
the volume of transport, distance and type of cargo.
For road transport assumed rate PLN 2.50/km -
which corresponds to the current average rates of
transport.

In conclusion, if we deal with a cargo carriage
of a small volume within the country and there is
no need for multiple handling, this is the cheapest
way — road transport. Therefore the use of
intermodal transport is not viable in this case.

3. INTERNATIONAL ROAD AND RAIL
TRANSPORT

As previously stated, national intermodal
transport is not economically feasible because of
the small volume of transport and the relatively
short distance. The situation is different in the case
of intermodal transport for the transport of large
amounts of cargo over a long distance. It will be
possible in this case to sign a contract with the
carrier taking advantage of discounts granted by
him.

A good example of this type of process is
transporting cargo from Asia to Europe, where the
prices of manufactured goods are much lower than
in Europe. For this reason, many products are
imported, in spite of a large distance to be covered,
and therefore, high cost of carriage. In order to
reduce the costs different types of transport
combinations are sought for’.

For goods imported from eastern Asia using the
most inexpensive but slow connection - sea
container and air transport is expensive but fast.
The aim is to obtain the intermediate value
between the cost and time for both modes of
transport. The role of road transport in this case is
limited in practice to connecting the individual
links for transportation and delivery of the first and
last stage of the process. The situation is different
for transporting goods from Russia to Europe

5 J. Witkowski, Zarzadzanie tancuchem dostaw,
koncepcje > procedury > doswiadczenia, wyd. PWE,
Warszawa 2010.

because of the limitation on carriage of goods by
sea, road and rail transport is used. Due to the
increasing cost of road transport and a high risk of
damage or theft of cargo, conventional transport is
often replaced by rail transport.

There is also used a combination of both types of
transport, a good example of which is container
transporté.

The combination cost of Moscow - Warsaw
freight is highly dependent on whether it is
possible to find loads in Russia or whether a
vehicle is forced to return with an empty trailer. In
practice it is not easy to find a returning cargo in a
convenient time, and the waiting time between
unloading and the next loading may be too long
and too costly. It is a tough market because
Russian carriers reduce freight rates due to low
fuel prices ranging PLN 3.18/liter’ - the price was
valid on 25.05.2012. For the carriage of cargo
along the planned route using tractor and semi-tilt
transport costs are in the range from EUR 2,100 to
2,400 - if the carriage returns with no loads.
However, having ensured a return cargo from
Russia to Poland, the cost of transportation may be
reduced up to EUR 800-900. While the cost of
transporting a container 40' by road will almost
always be the maximum rate. This is due to the
fact that there is no physical possibility of carrying
goods using other units than the container, and
container cargos are still not popular enough.
Therefore in this case, taking into account the
expected cost of conventional transport in both
directions, the cost will be around EUR 2,400.
Using container as a cargo unit for the
transportation of loads by rail, one can get a much
better rate. The distance from Moscow - Terespol -
Warsaw is 1179 km, and therefore according to the
Cargo Sped S.A. rates the basic fee for carriage is
1,894.13%. The final fees vary depending on the
size and weight of the units. The correction
coefficients are presented in Table 2.

® A. Harrison, R. van Hoek, Logistics Management and
Strategy Competing through the supply chain, 3rd
edition, Pearson Education Limited, England 2008.

Webpage: http:/gasoline-germany.com state of:
28.05.2012
¥  Commodity Rate of PKP Cargo S.A.

http://www.cargosped.pl state of: 28.05.2012
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Table 2. Correction factors for UTI packages *

Correction factors for UT1
packages
Length of UTI UTI
Container the cargo up cargo of
Code of length in container 022 more Empty
length o and the than 22 UTI
British feet . tons
vehicle gross
swap body gross tons
10 20 <6,15 0,55 0,75 0,37
20 25 6,16-7,82 0,55 0,75 0,37
30 30 7,83-9,15 0,75 0,75 0,50
40 35 9,16-10,90 | 0,85 1,00 0,65
50 40 10,91-13,75| 1,00 1,10 0,70
60 45and more| >13,76 1,00 1,10 0,70

Taking into account transport of container 40'-
comparable to the standard trailer (tilt) and its
maximum weight of 24 tons, the basic rate remains
unchanged and amounts to EUR 1,894.13.
However, for the weight less than 22 tonnes, the

(2, )= ()

310h

Conventional transport

Poland

(mm
(unloading)

Lodz
(unloading) by

Intermodal transport

f&gr Warsaw : Jgﬁ gm Tere:
{t‘.‘lsshl i
\31 ﬁ%‘

The rail freight fee depends on the volume of
transport. For contracts it is possible to obtain
discount from the carrier, sometimes amounting to
40% for the large quantities of transported cargo.

4. CONVENTIONAL AND
INTERMODAL TRANSPORT MODEL

In conventional freight carried by road vehicles,
the cargo is delivered directly from the
manufacturer to the final destination point — door-
to-door. However, in the intermodal transport
chain what must also be taken into consideration
are the links between the manufacturer of the
goods and railway container terminal and the
container terminal with the destination points.
Model of conventional and intermodal transport is
shown in Figure 3.

1270 km [ Viadimir
25730 h + 31 h rest \

Russia

border crossing

Viadimir
(loading)

Fig. 3. Model of conventional and intermodal transport (own study)

rate should be adjusted to EUR 1,610.01. On the
other hand when using two containers of 20' the
cost of transportation is: 2 - EUR 1,894.13 - 0.55 =
EUR 2,083.54.

Extra fee for loading and unloading of UTI
must be added to the freight rates, and if it is
required, also for the unloading container in the
storage place. This fee is EUR 39.20 per load /
unloading / reloading. In the case of storage place
no additional costs are incurred for the first 14
days. After this period one will be charged € 4 per
storage day of one 40' UTIL

’  Commodity Rate of PKP Cargo S.A.:

http://www.cargosped.pl state of: 28.05.2012
84

Models shown in Figure 3 can be compared in
terms of transport costs and travel time. Arrows
show various connecting points in the transporting
chain. Distance and travel time between them is
also given. Conventional transport model takes
into account transport realized only by one tractor
unit from city Vladimir without handling the
goods. Lodz and Torun are cargo destination points
towns, so the vehicles in this case must first unload
goods in Torun, and then the next part of cargo in
Lodz. The intermodal transport model was planned
to load goods into two containers of 20 'in
Vladimir. The cargo will be transported on one
trailer to the container terminal in Moscow, where
it will be handled into one two-axle wagon. Then it
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will be transported to the transshipment terminal in
Terespol, where it will once again be handled onto
a common semi-trailer and will be transported to
Warsaw. In Warsaw, deconsolidation of the
containers takes place and they are transported by
two different vehicles to two different target points
- Torun and Lodz. Summary of transport costs and
time for both models is presented in Table 3.

When analyzing Table 3, it can be seen that the
cost of intermodal transport is lower than the
transport of two 20 feet containers and there is no
discount. In addition, delivery times are shorter,
which is mainly caused by the fact that most of the
roads containers are transported by rail, so there is
no need to make additional standstills for the driver
to rest. In both models driver's working time was
included in accordance with the Polish Act on the
working time of drivers '°. In the case of a single
driver transporting the cargo the time for the
analyzed model is more than twice the size of
intermodal transport (85:40 hours). Intermodal
transport model presented in the last stage of the
process is carried out using the radial transport
method. It consists of deconsolidation of cargo and
transporting it separately by two vehicles to the

destination places'".

Table 3. Summary of the cost and time for the
conventional and intermodal transport model

Lodz - - 1:00 | Terespol- 1 3g500 | 4:00
unloading Warszawa
Warszawa -
deconsolidation 3920 0:10
4:10
Warszawa- - + .
Toruf 420.00 0:50 5:00
rest
Torun = 39.20 |0:10 | 0:10
unloading
Warszawa - 2:30
Lodz 274.00 -
L6dz - 3920 |0:10] -
unloading
Sum: |3,668.00 | 85:40 3,399.94 33:10

Another advantage is the high container traffic
load safety factor. The container starts its route
from the production company and until the
destination point it is not opened but secured by
plug. Using two containers of 20' is more efficient
because when transporting the cargo to two
recipients repackaging of it is not necessary. It is
only reloaded into a single container from one
trailer to another.

There are more loading operations in
intermodal cargo transport, but the risk of
damaging the cargo is very low because the
container is transshipped between different modes
of transport, not its contents'®. Minimizing the risk
of damage to the cargo is particularly important for
high value goods. In the presented model for the
container transport, there were six loading
processes. This is more than a conventional
transport model, where there were only three
similar processes. Summary of the advantages and
disadvantages of both transport models is
presented in Table 4

Table 4. Summary of the main features of conventional
and intermodal transport models

Conventional Intermodal
transport model transport model
Part of Cost Time Part of the Cost Time [h]
the route | EUR"” | [h] route EUR"
Vladlmlr - ) 1:00 Vladlrplr - ) 1:00
loading loading
25:30
Vladimir — + Vladimir - 14 .
Terespol 2,540.00 31:00 Moskwa 204.00 3:10
rest
8:00 +
Terespol = 400,00 | 12:00 | MOsCOW- 5840 | 0220
Torun transshipment
rest
. 1:00 +
Torufi = - 3:00 | Moscow =y ery 54| 19:00
unloading Terespol
rest
Torun — . Terespol - .
Lodz 328.00 | 3:10 transshipment 78.40 0:20

1% Act on working time of drivers of 16 April 2004
(Journal of Laws of 2004 No. 92, item. 879) - Text in
force since January 1, 2012

"' C. Bozarth, R. B. Handfield, Wprowadzenie do
zarzadzania operacjami i1 tancuchem dostaw, wyd.
Helion, Gliwice 2007.

"2 Assuming the rate of 2€/km

" Assuming the rate of 2€/km

14 Assuming the rate of 1.1€/km

15 Handling two containers 20° — 39,20€/unit,0:10
h/unit.

Conventional Intermodal
transport model transport model
Driving time Long Short
Costs, without dis- . . .
counts Slightly higher Slightly lower
T - S
P(.)s§1b111t.y of ob Slightly to 10% Up to 40% for large
taining discounts volume
Number of reload- 3 6
ings
Documents CMR, TIR Carnet,
CMR, TIR Carnet SMGS
Risk of damage to Medium Low
cargo
Emission standards EURO standard Directive 97/68/EEC

1 p. R. Murphy jr, D. F. Wood, Nowoczesna logistyka,
Wydanie X, wyd. Helion, Gliwice 2011.
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5. EMISSION STANDARDS

Due to the growing pollution of the
environment it is important to reduce the emissions
in the transport process. Therefore increasingly
stringent regulations and standards were formed,
harmonized in many countries. Current standards
for road and rail transport are presented in Table 5

6. CONCLUSION

This article compares two models of long-
distance transport. It is shown on the example of
connection between Russia and Warsaw that in this
type of transport it is cost-effective to use container
transport while road transport integration with rail
transport enables door-to-door delivery.

Table 5. Emission standards for diesel engines EURO standard and Directive 97/68/EC'"'®

CO (g/km) HC (g/km) Nox (g/km) PM (g/km) valid from

EURO EURO 4 0,5 0,05 0,25 - 01-05-2005
EURO 5 0,5 0,05 0,18 0,005 01-09-2009

EURO 6 0,5 0,09 0,08 0,005 01-08-2014

CO (g/kWh) | HC (g/kWh) | Nox (g/kWh) | PM (g/kWh) valid from

1A RC A, P> 130 kW 3,5 4 0,2 01-01-2006
RL A, 130 kW <P <560 kW 3,5 4 0.2 01-01-2007

RH A, P > 560 kW 3,5 0,5 6 0,2 01-01-2009

RH A, P > 2000 kW i SV > 5l/cyl 3,5 04 74 0,2 01-01-2009

B RC B, P> 130 kW 3,5 0,19 2 0,025 01-01-2012
R B, P> 130 kW 3,5 4 0,025 01-01-2012

It should be noted that emission standards for
road transport are expressed in g / km and for rail
transport in g / kWh. In order to compare them we
have to convert them to common units. In order to
do this it is necessary to compare the specific
engine, but it is also indicative comparison of the
two standards. Assuming tractor engine power as a
440HP (330kW), and the average speed rate of
60km / h the emission standards in g / kWh may be
calculated. However, to calculate the standards for
locomotives value from norm must be multiplied
by the power of the standard engine. For the
adopted comparative purposes, the locomotive
engine power id equal to 800kW. The converted
data are presented in Figure 4.

10000
8000 - |

6000 -

4000 = =
o N Ay ™ turos, engine power 330kW
o HC —
Nox
PM

Embsion [g/kWh]

Il A Power, RH A, BOOkW

Fig. 4. Comparison of emission standards for road and
rail transport (own study)

7 Webpage: http://europa.eu state of: 28.05.2012
'8 Directive 97/68/EC of the European Parliament and
of the Council of 16 December 1997
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Even with standard carriage for two 20'
containers without discounts offered by carriers for
the largest volume of transport, transport cost is
lower than that of conventional road transport. In
addition, the transport time is almost twice as low,
and the goods carried all the way in one transport
unit are better protected against damage. From the
initial analysis of emission standards it may be
noted that intermodal transport is more
environmentally friendly and less polluting than
the conventional road transport.
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