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Abstract 

This paper is focused on further application of the Innofreight container transportation system in the Czech Republic, Austria and Slovakia. The author describes both the technical and operating characteristics of the most widely used transportation systems in railway transport of bulk material. It also provides a comparative analysis of the Innofreight container transportation system usage in selected European countries and in the Czech Republic, Austria and Slovakia. The aim of this paper is to set criteria determining the technological and economic interfaces of such system, as well as to suggest the implementation of such system into a specific transportation chain.
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1. Introduction

The basic features of the Innofreight system are volume-optimized containers, faster and more efficient railway transport on intermodal transport wagons, and safe and simple emptying of Innofreight containers (hereinafter referred to as "IFs") by turning them using front-loading forklift trucks or by means of a special stationary unloader [1].
IFs are currently used in transporting a whole range of primarily bulk materials, such as: 
· Biomass (wood chips, sawdust…), 
· Agricultural products (sugar beet, potatoes, cereals…), 
· Chemical products (fertilizers, gritting salt…), 
· Minerals (coal, coke, sand, peat, iron ore…), 
· Waste management (municipal waste), 
· Dangerous waste (sludge). 
In addition to the means of transport and components being added to this transport system, other transport systems have been developed and named after the goods being transported [2, 3]: 
· RockTainer – bulk materials (dump container); 
· AgroTainer – bulk materials, primarily agricultural products (similar to ISO containers); 
· stanchion pallets – steel tubes, logs; 
· SlurryTainer – liquids; 
· WireTainer – wire rolls; 
· ChemieTainer – chemical products; 
· CoilTainer – coiled sheets. 

Furthermore, the individual means of transport within a transport system can be modified in different ways to accommodate the needs of a specific customer. All means of transport developed by this company have standard ISO corner castings, which allows for their transportation on commonly used intermodal wagons with fixation pins. As such, railway undertakings don't have to purchase new wagons for such carriage and can flexibly use the existing ones instead. Moreover, the risk involved in purchasing new wagons is lower as these can be used for the transportation of sea ISO containers, swapbodies and Innofreight containers [4].

2. Innofreight systems in Europe

Since its first use in 2004, when a container was first unloaded using a forklift truck in the Austrian company Sappi, the Innofreight transport system has spread to 14 European countries where it is now available, including the Czech Republic and Slovakia. Innofreight currently operates 58 front-loading forklift reloaders, 6 stationary unloaders and 12,000 containers with about 1 million unloadings every year [3, 5].
Innofreight is involved in the implementation of its transport systems but to a great extent, the actual management of containers and wagons is up to the hirers (carriers/operators) or railway undertakings. Included in the analysis comparing the use of the transport system were Austria (where the system was developed), Slovakia and the Czech Republic [6].
2.1 Austria
Having developed this system, Innofreight has its headquarters in Bruck an der Mur, Austria. It was also in Austria where an IF was first unloaded using a front-loading forklift truck and in 2007, the first stationary unloader was built in the Zellstoff Pöls pulp mill. The largest IF users include the Voestalpine ironworks (Donawitz) using the self-discharging ORE RockTainers for the transportation of iron ore and IFs with stationary unloaders for the transportation and unloading of coke and coal (coke is transported from the Zabrze or Zdzieszowice coking plants (PL) and coal is transported from Polish locations or from Koper (SLO)). Among important carriers is also Papierholz Austria procuring wood mass for multiple paper mills in Austria (Sappi in Gratkorn, Mondi in Frantschach and the Zellstoff Pöls pulp mill). Goods to these plants are transported by means of XXL IFs; and the Pöls pulp mill includes a stationary unloader as well. Chips are loaded in different locations not only in Austria, but also abroad (sawmill in Liptovský Hrádek and Tomášovce, Slovakia, sawmill in Ždírec nad Doubravou, Czech Republic and sawmills for instance in Brand, Ybbs, Retz and Fügen, Austria (at the end of 2018, the AustroCel Hallein pulp mill was added to the list)). Another example of the use of IFs is the transportation of energy gypsum for the building material producer Knauf (Weißenbach bei Liezen). This material is produced in the process of flue-gas desulphurisation in thermal power plants [3, 7].

Table 1
Transportation chains involving the transport of Innofreight containers in Austria
	Loading location
	Loading location
	Bulk material transported
	IF type
	Method of unloading

	Zdzieszowice/Zabrze coking plant (PL)
	Voestalpine Donawitz steelworks
	coke
	IF XL
	stationary unloader

	Radim (PL)
	
	hard coal
	IF XXM-L
	

	Koper (SLO)
	
	
	
	

	Celje (SLO)
	Knauf Weißenbach bei Liezen (Selzthal)

	energy gypsum
	IF XXM
	forklift truck

	Pernhofer (A)
	
	
	
	

	Zemianske Kostolany (SK)
	
	
	
	

	Rettenmeier Tatra Timber Liptovský Hrádok sawmill (SK)
	Sappi paper mill (Gratwein-Gratkorn)
	wood chips
	IF XXL
	forklift truck

	PRP Tomášovce sawmill (SK)
	
	
	
	

	Stora Enso sawmill (Ždírec nad Doubravou) (CZ)
	Mondi Frantschach pulp and paper mill 

	
	
	

	Stora Enso Brand sawmill (Waldhausen)
	
	
	
	

	Stora Enso Ybbs sawmill
	Zellstoff Pöls pulp mill 
	
	
	stationary unloader

	Holzindustrie Maresch Retz sawmill
	
	
	
	

	Binderholz Fügen sawmill (Jenbach)
	AustroCel Hallein pulp mill
	
	
	forklift truck


Source: authors based on [3, 8, 9]

Approximately 107.5 million tonnes of goods are transported by rail in Austria every year. Approximately 1.9 million tonnes of goods are transported using IFs, which represents about 2% [10]. Wood chips for Austrian paper mills account for the greatest part of IF transport; specifically for 44%. Coke with hard coal represent 42% and energy gypsum has a share of 14% [11].

2.2 Slovakia
The IF transport system is common in Slovakia as well. Unfortunately the share of this transport is relatively low compared to other European countries. There are currently only four transportation chains involving IFs. Wood chips have been transported in the IF transport system for the longest time. All transport operations are carried out using block trains. As for the volume of goods transported, the most extensive in Slovakia is the transport of wood chips to Austrian pulp mills (Sappi and Gratkorn) from the Slovak stations Liptovský Hrádok and Tomášovce. Approximately 200 thousand tonnes of wood chips are transported to these customers every year. The IF system has recently been introduced for the transport of wood chips for the Mondi paper mill (Ružomberok) from Ukraine as well. However, wood chips are only partially transported in IFs from the Čierna nad Tisou frontier gauge changeover station. From the Zemianské Kostoľany thermal power plant, energy gypsum used for the production of gypsum boards is transported to the building material producer Knauf (Weißenbach bei Liezen). The annual volume of approximately 60 thousand tonnes is relatively low as Knauf imports this desulphurisation product from multiple locations in Europe. Since 2010, IFs have been used for the sugar beet campaign of the Sereď sugar beet mill every year. Sugar beet is transported from sugar beet growing locations in western Slovakia (e.g. Želiezovce, Kalná nad Hronom or Skalica). Approximately 41 thousand tonnes of sugar beet are transported every year, with the transport volume depending on the harvest in the given year. In 2016, there were several test transport operations involving the transportation of iron ore concentrate from Kremikovtsi, Bulgaria to the U.S. Steel Košice ironworks. At the beginning of 2019, test transport took place involving the transportation of iron ore from the Polish port Świnoujście. 

Table 2
Transportation chains involving the transport of Innofreight containers in Slovakia
	Loading location
	Loading location
	Bulk material transported
	IF type
	Method of unloading

	Loading locations network in Slovakia
	Agrana Sereď sugar beet mill 
	sugar beet
	IF XXL
	forklift truck

	Rettenmeier Tatra Timber sawmill (Liptovský Hrádok)
	Sappi paper mill (Gratwein-Gratkorn) (A)
	wood chips 
	
IF XXL
	forklift truck

	PRP sawmill (Tomášovce) 
	
	
	
	

	Zemianske Kostoľany power plant
	Knauf Weißenbach bei Liezen (Selzthal) (A)
	energy gypsum
	IF XXM
	forklift truck

	Ukraine (Čierna nad Tisou)

	Mondi Ružomberok paper mill 

	wood chips
	IF XXL
	forklift truck


Source: authors based on [3, 8, 9]

According to Eurostat, approximately 47.8 million tonnes of goods were transported by rail in Slovakia in 2019. Only 316 thousand tonnes of goods are transported in the IF system every year, which amounts to less than 1 percent of the total volume of freight railway transportation. Even though this share appears marginal, this transport system can be classified as a combined transport one; and these systems represent about 11% of freight railway transportation in Slovakia [10]. The IF transport system accounts for over 6% of the combined transport. Illustrating the different commodities transported in IFs, Table 4 shows that the most prominent commodity transported in Slovakia is wood chips, representing 68%. Wood chips are followed by energy gypsum with 19% and national sugar beet transport with 13% [11].

2.3 Czech Republic
The Czech Republic was one of the first countries implementing the IF transport system in a transportation chain using block trains. Block trains from sawmills (Ždírec nad Doubravou and Planá u Mariánských Lázní) to the Mondi paper mill (Štětí) have been in operation since 2005. In 2018, a stationary unloader was installed in the Mondi paper mill (there are currently 3 such facilities in the Czech Republic).
An overview of IF transportation chains in the Czech Republic is provided in Table 3. Most goods are transported nationally using block trains. As for international transport, this mainly involves the export of wood chips to the Sappi paper mill (Gratkorn), the import of wood waste to Kronospan (Jihlava) and the transit of coke and hard coal to Austrian steelworks (Donawitz). The greatest volume of goods transported in IFs can be attributed to thermal power plants. The Chvaletice power plant is supplied with 2.5 million tonnes of brown coal and the Opatovice power plant with approximately 1.7 million tonnes of coal every year. Both plants include a stationary unloader. Another brown coal consumer is the Plzeňská teplárenská heating plant (with a lower annual volume of transported material – approximately 350 thousand tonnes). A total of more than 4.5 million tonnes of brown coal is transported in IFs in the Czech Republic every year from the surface mines in western Bohemia, which makes this commodity the most prominent one in terms of the weight transported. Brown coal is followed by coke together with hard coal. These are only transported on one transit relation with an annual volume of approximately 700 thousand tonnes for Austrian steelworks. In terms of the total annual weight transported, the third most transported commodity is wood chips. Wood chips are transported in group trains or as individual shipments (from the Čáslav sawmill to the Mondi Štětí paper mill) or in block trains (from the Ždírec nad Doubravou or Planá u Mariánských Lázní sawmills to the Mondi Štětí, Lenzing Biocel Paskov or Sappi Gratkorn paper mills). Approximately 460 thousand tonnes of wood chips are transported every year. 25 thousand tonnes of wood waste from Germany and Austria are transported in groups of wagons to Kronospan (Jihlava) every year. The IF system is also used in the sanitation of the Ostrava lagoons left after the former chemical plant Ostramo. The neutralized sludge is transported in small XS IFs with the HardTop cover and a volume of approximately 91 thousand tonnes to the Vřesová pressure gas plant, where it is disposed. Occasionally, IFs are used for the transport of excavated soils in reconstructing railway lines (for instance in the Vlkov u Tišnova station with a volume of approximately 40 thousand tonnes) [4, 7].
According to Eurostat, approximately 96.5 million tonnes of goods are transported by rail in the Czech Republic every year. The IF share in the total volume of freight railway transportation amounts to more than 6%, i.e. to approximately 5.9 million tonnes every year [10]. As for the different commodities transported in IFs, about 77% percent of the total volume is represented by the transportation of brown coal to two thermal power plants and one heating plant. The transit transport of coke with hard coal over the Czech Republic accounts for 12%, wood chips and wood waste represent 9% and excavated soil and oil sludge have a share of about 2% (see Table 4) [11].


Table 3
Transportation chains involving the transport of Innofreight containers in the Czech Republic
	Loading location
	Loading location
	Bulk material transported
	IF type
	Method of unloading

	ČSA Třebušice mine 
	Chvaletice power plant
	brown coal
	IF XXL
	stationary unloader

	Nástup Tušimice mine 
	Opatovice power plant
	brown coal

	
IF XXL
	stationary unloader

	Bílina mine 

	Opatovice power plant
	
	
	

	Sokolovská uhelná
	Plzeňská teplárenská 
	brown coal
	IF XXM
	forklift truck

	Bílina mine 
	
	
	
	

	(Temelín, Domažlice, Vimperk, Nejdek...)
	
	wood chips
	IF XXL
	

	Stora Enso sawmill (Planá u Mariánskych Lázní)
	Mondi Štětí paper mill 

	wood chips
	IF XXL
	stationary unloader

	Stora Enso sawmill (Ždírec nad Doubravou) (CZ)
	
	
	
	

	Less & Timber sawmill (Čáslav)
	
	
	
	

	Stora Enso sawmill (Ždírec nad Doubravou) (CZ)
	Lenzing Biocel Paskov 

	
	
	forklift truck

	Stora Enso sawmill (Ždírec nad Doubravou) (CZ)
	Sappi paper mill 

	
	
	forklift truck

	Loading locations network (A, DE)
	Kronospan Jihlava
	wood waste
	IF XXL
	forklift truck

	Vlkov
	DIAMO Dívčice disposal facility
	excavated soil
	IF XXM
	forklift truck

	Ostramo Ostrava lagoons

	Vřesová pressure gas plant

	oil sludge
	IF XS
	forklift truck

	Zdzieszowice/Zabrze coking plant (PL)
	Voestalpine Donawitz steelworks (A)
	coke
	IF XL
	stationary unloader

	Radim (PL)
	
	hard coal
	IF XXM-L
	


Source: authors based on [3, 8, 9]

2.4 Comparison of analysis results
The following two indicators were used to compare the use of the IF transport system in selected countries [3]: 
1. Share of volume of goods transported in IFs in the total volume of freight railway transportation 
The volume of freight railway transportation in the countries analysed is shown in Table 4. From the data it is clear that the volume of freight railway transportation in the Czech Republic and Austria is more than twice that of Slovakia, with about 100 million tonnes of goods every year compared to Slovakia's less than half of this volume. The analysis of the use of the IF transport system identified different shares of IF transport in the different countries (approximately 2% in Austria, 6% in the Czech Republic and less than 1% in Slovakia). The commodities transported differ in the different countries as well. In the Czech Republic, the most transported commodity is brown coal (77%), in Austria it is wood chips (44%) and coke and hard coal (42%) and in Slovakia it is wood chips (68%). 

Table 4
Share of volume of goods transported in IFs
	Goods
	Austria
	Slovakia
	Czech Republic

	
	[th. tonnes]
	[%]
	[th. tonnes]
	[%]
	[th. tonnes]
	[%]

	brown coal 
	-
	-
	-
	-
	4 550
	77%

	wood chips 
	850
	44%
	215
	68%
	525
	9%

	coke and hard coal 
	800
	42%
	-
	-
	700
	12%

	sugar beet
	-
	-
	41
	13%
	-
	-

	energy gypsum
	260
	14%
	60
	19%
	-
	-

	others
	-
	-
	-
	-
	131
	2%

	Total
	1 910
	100%
	316
	100%
	5 906
	100%


Source: authors based on [3, 8, 9]

2. Volume of goods transported in IFs per one kilometre of railway line in the given country. 
The comparison of the countries analysed in terms of the volume of goods transported in IFs per one kilometre of railway line and per total length of the railway network is shown in Fig. 1. The comparison shows that the Czech Republic has the most extensive railway network with a total length exceeding 9,500 km. Taking into account the area of the country as well, it is to be noted that the Czech railway network is the densest as well (121.3 m/km2). In Austria, the network length is 5,500 km and density 65.9 m/km2. With its approximately 3,600 km, Slovakia's railway network is denser than the Austrian one, with 74 m/km2 [3, 9].
The order of countries remains the same even for the volume of goods transported in IFs per one kilometre of railway line every year. The resulting amount is 617 tonnes for the Czech Republic, followed by Austria with 346 tonnes per year and Slovakia with 87 tonnes of goods transported per one kilometre of railway line every year [3, 9].
[image: ]

Source: authors based on [3, 8, 9]
Fig. 1 Volume of goods transported in IFs per one kilometre of railway line in the given country


3. Technical and technological aspects of the Innofreight system

This section evaluates individual technical and technological indicators of transport using a standard method (Falls railway wagons) versus Innofreight wagons for supplying coal to the Opatovice power plant (EOP). Considering the sensitive nature of the data of Czech Railways Cargo (ČD Cargo, a.s.), the only economic indicator assessed in greater detail is the price for the use of railway infrastructure through train rides. What is relevant here is mainly the total train mass and the discount for the use of combined transport.
One of the main advantages of container trains is the usable width of the containers used. Trains with Innofreight wagons have a greater pay-mass (see Table 5). The number of incoming wagons and the amount of coal transported to EOP were compared for September 2016 and September 2019 (see Table 6) [12].
[bookmark: _Toc33165839]Table 5
Comparison of train unit parameters
	 
	Falls wagons
	Innofreight wagons

	Usual number of wagons per train [number]
	32
	15

	Wagon length [m]
	13.5
	26.7

	Train pay-mass with usual loading [tonns]
	1,600
	1,800

	Usual train length excluding locomotive [m]
	432
	400.5


[bookmark: _Hlk26012528]Source: authors based on [12]
[bookmark: _Toc33165840]
Table 6
Amount of coal transported to EOP per month of operation (30 days)
	 
	Falls wagons
	Innofreight wagons

	Number of incoming trains per month [number]
	82
	83

	Number of incoming wagons per month [number]
	2,621
	1,221

	Load weight transported in one wagon [tonns]
	50
	120

	Total amount of coal transported per month [tonns]
	131,050
	146,520


Source: authors based on [12]

The average turnaround time on the EOP siding in one month (September 2019) was calculated based on real data pertaining to incoming trains in EOP. As turnaround time is considered the time between the arrival at the siding and the wheeltapper's announcement about the completion of the technical inspection before the train departure. The information about the actual departure was not available. Anyway, the the time of departure is not relevant for the length of technological processes involved in the unloading [7, 12].
The calculation shows that the unloading of Falls wagons is significantly faster under standard conditions; the average train turnaround time in September 2016 was 5 hours 38 minutes. The situation during winter months was different. The average train turnaround time with Innofreight wagons on the EOP siding in September 2019 was 6 hours 43 minutes. According to train traffic diagram 2019, the shortest slot planned for the turnaround time on the EOP siding is 7 hours 31 minutes. After deducting the calculated average time from the planned turnaround time, there is still a certain reserve time so as to anticipate potential delays. In September 2019, the arrival times of loaded trains were more in line with the train traffic diagram. However, consideration must be given to the fact that there were different stations of origin (in 2016, they were in different countries as well). In September 2019, some incoming trains were irregular, i.e. not according to the annual train traffic diagram. In Table 7, the number of trains is broken down by different stations of origin.
Table 7
Number of incoming trains in EOP in September 2016 and 2019
	09/2016
	09/2019

	Březno u Chomutova
	Děčín hl.n. nákladové n.
	Petrovice u Karviné
	Březno u Chomutova
	Počerady
	Světec

	54
	15
	13
	44
	28
	11

	Total: 82 trains
	Total: 83 trains


Source: authors based on [7, 12]

The comparison of economic indicators is somewhat clearer. The total costs of one pair of trains were compared based on the calculations of Czech Railways Cargo.  Using train units with Innofreight containers, these costs are by approximately 13% lower compared to trains with standard wagons; and the new train units are capable of transporting by 200 tonnes of goods more [7, 13].
Furthermore, the price for the use of railway infrastructure through train rides was calculated. For both methods of transport, the national and regional rail network statement 2019 was considered. Considered was the distance travelled on the Railway Administration infrastructure in the section: Březno u Chomutova – borders of infrastructure in Opatovice nad Labem. The total price is the sum of the prices of travel time of loaded trains and empty trains. The total price per month was calculated based on 82 trains arriving from Březno u Chomutova in EOP (see Table 8). Using the new train units, the monthly price for the use of railway infrastructure through train rides was by CZK 1,554,596.70 lower. This is mainly due to the lower mass of the wagons. The total mass of new train units including the load is lower than the BRUTTO mass of standard train units and furthermore, the new train units are capable of transporting greater loads. What is also relevant is the discount for the use of combined transport. Without regard to the rental of train units, the new method of transport is clearly more economically advantageous [14, 15]. 

[bookmark: _Toc33165845]Table 8
Total price for the use of railway infrastructure through train rides
	 Trains
	Falls wagons [CZK]
	Innofreight wagons [CZK]

	1 loaded train
	35,331.58
	22,965.52

	1 empty train
	13,060.50
	6,468.06

	1 pair of trains
	48,392.08
	29,433.58

	82 pairs of trains
	3,968,150.53
	2,413,553.82


Source: authors based on [7, 12, 14]

4. Conclusions

What also has an impact on the results of the comparison of indicators is the structure of economies of the countries analysed. In Austria, the environmental policy of the government and public environmental awareness also play a significant role. Comparing the total energy mix of the selected countries (i.e. not only their production of electricity), it is to be noted that in Austria, the second most prominent share, after energy from oil products, is represented by energy from renewable sources with 30%. In the Czech Republic, solid fuel accounts for the largest share of energy production, with up to 40%. In Slovakia, nuclear energy and natural gas energy (with 24% each) are the most prominent components.
Based on the reloading time comparison, it cannot be clearly established which system is more advantageous. The unloading of dump containers is faster under standard conditions, but depends on external influences. The unloading time differs, with great differences during winter months. The unloading of Innofreight containers usually takes longer but as this system is modern and reliable, the unloading time remains relatively constant. Fewer personnel are required and the occupational safety is greater.
The new system reduced the travel time of empty trains by approximately 1 hour compared to standard train units. The average turnaround time on the EOP siding in September 2019 was more than 1 hour longer than in September 2016. Nevertheless, the main advantage of wagons with Innofreight containers is their low mass, i.e. greater pay-mass.
Low mass reflects in a lower price for the use of railway infrastructure through train rides and in greater possible loading. In financial terms, the new method of transport is certainly more advantageous. The total transport costs are by approximately 13% lower than in the past.
Even though the new transport system using Innofreight containers was introduced based on an arbitrary decision, it turned out that it there is a benefit to it and that it makes sense to use it for other destinations as well; for instance for the Chvaletice power plant, where it is currently used, too.
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