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Why Railfreight?

2019 0,4 % share:
GHG-emissions

2019: BUT: 18 % of tkm Modal-Share !



Europe at the turn of the 19th to the 20th century: Rail the dominant mode

5 km/h

65 km/h



Jean Arnoux 1841



THE invention for Sigle Wagon Load-Railfreight:
The classification Yard with Hump

: PACHL 2008

Hump
Recption
Area

Sorting
sidings

First invented in Duisburg Speldorf 1876. Other Production schemes for Single Wagon Load:
Maximum potential capacity of the hump:   + Switch Back  (25-50 Wagons/h
300 Wagons/h                                                    +  Push back  (50 – 100 Wagons/h)

Departure
sidings

Source: coll. Hebeler



Problem of marshalling yards: Time consuming processes because of the spacial
Seperation of access point to the rail system and train formation:

Loading Siding (150 to 180m long) at Client‘s siding or Local station

Marshalling Yard

Changing from shunting to traction mode

Last Mile Last MileLong Distance transport

Source:  Hoffmann



R A I L

ROAD

The longer the distance or the more the volume the railway 
is the cost-efficient mode compared to the truck (Nebelung 1951)

Costs

Distance/Volume

MONOPOLIST‘s STRATEGY:

Productivity gains through marshalling yards lowered
the costs of trains – Quality of Service out of question:
Why ? Horse wagon 5 km/h   Train 65 km/h top speed



Clearance and
Loading Guage 1520mm
Gauge network:
Much more productive

Because of more cross-
Section capacity leading
to shorter 4-axle waggons
Because of axle pressure
Restrictions and
71 waggons per train –
up to 1650 m train lengths.

Source:  Kikot 2015
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CEMT – Classification of Inland Waterways:



Clearance and low water problems

hinder regular services on inland

Waterways:



Bottleneck Straubing – Vilshofen in Bavaria (Germany) prevail….



How did Rail react towards the emergence of the truck after World War I ?



Railways tried to keep- the truck in C & D services to Rail
by protective laws in industrialized countries: Showcase Rail can Road:

(BIC)

Source: http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf 01-09-23   17:12

http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf


1930s: Used mainly for furnitures by Deutsche Reichsbahn Gesellschaft (DRG)….

Source: Crespi 1934 



But why Furnitures ?

Source: Crespi 1934 



Horse waggon compared to rail

Source: Delacarte 1960



1932:
SEATRAIN NEW YORK
SEATRAIN HAVANNA

Reducing turn around
time in harbour
from 6 days
to 10 hours

because of
transfer of
Box Cars

Cit. After Muller 1995



White Pass & Yukon 914 mm narrow guage line
Skagway (Alaska) to Whitehorse (Yukon)

North Vancouver – Skagway ship // Skagway – Whitehorse rail

Source: http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf 01-09-23   16:57

(ordinary truck width)

http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf


Matson:  From 8ft cubic boxes to 24 ft rectangular dimensions
from Mainland USA to Hawaii

Source: http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf 01-06-23   16:57

http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf


Macolm Mc Lean
-Maximum Road size
-Maximum Road weight
-Stackable 6 fold

Source: http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf 01-09-23   19:01

http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf


MS Fairland



MS Fairland first call Rotterdam May 3, 1966 – first Container set down…
and then weekly sailings also calllling in GB                and Bremen in Germany

Coll. Hebeler



What was the answer to the Container in other ports? 
Conventional sites expansion:

Coll. Hebeler



Macolm Mc Lean‘s patented top-lift device with corner castings on the container

Source: coll. Hebeler
Coll. Hebeler



First Attempt to regulate Container dimensions by American Standards Association ASA 1958

02-09-2023  11:22hSource: http://contents.kocw.or.kr/contents4/document/lec/2013/Chungang/Jeffreymartin1/4.pdf

Meaning „truck size“Ct.
24 ft and 35 ft long

???

Alaska State Marines and White Pass & Yukon RR



1965: ISO Comittee 104: Modular Regulation of Containers

Source: coll. Hebeler
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Growing ship sizes make transport costs fall – including Hinterland:

Source HDW 1998









Source: HDW



The Value tariff made Railfreight Managers the „better“ monopolitsts:





HGV Regutlation in Germany
Maximum gross weight

Highest permissible traction axle load

Maximum lengths

Regulagtory attempt to stick  truck to C & D for Rail Source Midche

Source: Mischke 1997,



Average speed

Fuel Consumption

Despite of legal constraints: The Truck grew better and better:

Source: Mischke 1997, 



Modal share in 
the 20th century
before deregulation:

Why remained rail share
in USA constant over time?

Source CEMT



Modal share in 
the 20th century
before deregulation:

Why remained rail share
in USA constant over time?

Because of the 80.000lbs 
Weight limit for Heavy Gross
Vehicles in the U.S- ( 36 tons)

Source CEMT



Gauge and Clearance US vs. Alps



The role of UIRR in Brussels: Infra Wagons Loading Units

Source: UIRR 2023



In the 80s the USSR had a higher proportion of GDP to spend on transport than the U.S.
AND:  Gross Domestic Product USSR  =  ½  USA…



What makes European Trucks more expensive than in the U.S.?

According to K-H. Narjes, former Minister for Economy and Transport, from 1981 to 1988
EU Commissioner always stated: A truck in the US runs on average 60 km/h
In Europe because of national regulation and custom procedures 18 km/h only !



The Competitiveness of Rail Freight

Rolling speed:

Rail is faster than Road:

100/120 km p h           80 km p h

on average:
80 – 100 km p h          65 km p h



Loading capacity:

Rail Wagon 4-axle        Truck               

Total                   90 t                    40(44) t

Net-weight72,5 t       < 28 t
track-classification D4               Motorways
Axle-loading 22,5 tons 10/11,5 tons

Source: EN 15528, German maximum values, StVO  

The Competitiveness of Rail Freight



Loading capacity – MARKET POTENTIAL:

There are still a lot of customers who want to use

- up to double volume

- up to three fold weight

compared to the truck!  

The Competitiveness of Rail Freight



Table: Maximum Axle Loads and Meterloads:

16 18 20 22,5 25

5 A B1

6,4 B2 C2 D2

7,2 C3 D3

8 C4 D4 E4

8,8 E5

Source:  DIN EN 15528

Picture Kortschak 2023

Axle-Load
Meterloads



But why is rai loosing markket share – even if you have such efficient marshalling yards? 



UIC 1991



How Austria maintained a High Modal-Share position so far?

Because of Day 1 18h dep – Day 3 6h arr. In siding
in Single Wagon Load Service throughout the country



What was it good for?  The number of loaded haulls per annum increased to 48 in 2008 (RCA):

Source: Schmidt, F. (2008): Strategische Bedeutung des Wagenmaterials für die Rail Cargo Austria – Anforderungen an die Industrie, 38. Schienenfahrzeugtagung

Graz 14.-17.09.2008, slide 19 – the respective German figure for 1994 is 27 loads only per year and wagon – in Austria about the same. See N.N. (1995): 

Weiterhin schwierige Situation im Güterverkehr der DB AG, in: Internationales Verkehrswesen 47 (1995) 10, p.587  



Despite of all regulatory
Measures railway vollume
In decline!

Here Germany – France:
Why ?
Direct Movement is most
Economical MOSSMAN/MORTON 1965

Single Wagon Load

Truck

Combined Transport

Bilateral Volume in Mio. tonnes

Source: Richey 1999 AND… ./.



Punctual Freight Trains –
a Logistics‘ Necessity!
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Robert Bosch‘s Vision in 1985: no stock keeping at industry:
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Robert Bosch‘s Vision in 1985: no stock keeping at industry:

…due to logistics‘optimisation – now called Supply Chain Management!

In reality: Buffer stock is unavoidable – but should be kept at a minimum!



Transport costs from the customer‘s point of view:

Transport
costs/unit

Insurance Costs

Source: Bahke 1984 adapted from: Culliton/Lewis/Steele, Boston, Mass. 1956

Volume/Weight
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costs/unit

Calc. capital costs

Insurance Costs
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Volume/Weight
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Transport
costs/unit

Handling costs

Packaging costs

Calc. capital costs
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Transport costs from the customer‘s point of view:

Freight

Transport
costs/unit

Handling costs

Packaging costs

Calc. capital costs

Insurance Costs

Source: Bahke 1984 adapted from: Culliton/Lewis/Steele, Boston, Mass. 1956

Volume/Weight

Total Costs
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Freight

Transport
costs/unit

Handling costs

Packaging costs

Calc. capital costs

Insurance Costs

Source: Bahke 1984 adapted from: Culliton/Lewis/Steele, Boston, Mass. 1956

Volume/Weight

Freight is only
small proportion
of total transport
costs…

Total Costs



Transport costs from the customer‘s point of view:

Freight

Transport
costs/unit

Handling costs

Packaging costs

Calc. capital costs

Insurance Costs

Source: Bahke 1984 adapted from: Culliton/Lewis/Steele, Boston, Mass. 1956

Volume/Weight

Total Costs

Inventory
adds
unnecessarily
high costs to
the product!

…Freight is only
small proportion
of total transport
costs…

&:
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1 2 3 4 5

The „ideal“ Supply Chain: only buffer stock as inventory left

days scheduled
journey time

Buffer-stock

Buffer-loading

Adapted by Kortschak 2016
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1 2 3 4 5

The „ideal“ Supply Chain: only buffer stock as inventory left

days scheduled
journey time

Buffer-stock

Buffer-loading

Look at the buffers,

not so much at
the wagon…

!

Adapted by Kortschak 2016
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1 2 3 4 51st day:
days scheduled
journey time

What happens with the buffer during
transit time when cargo is transported?

Have a look at the shipper‘s & consignee‘s invenotry:

the loaded wagon
has left the factory

Adapted by Kortschak 2016
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1 2 3 4 51st day:
days scheduled
journey time

What happens with the buffer during
transit time when cargo is transported?

The buffer is created:

Production at the
supplier creates
the buffer for the next transport

Have a look at the shipper‘s & consignee‘s invenotry:

Adapted by Kortschak 2016
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1 2 3 4 51st day:
days scheduled
journey time

What happens with the buffer during
transit time when cargo is transported?

The buffer is reduced:The buffer is created:

The buffer at the
consignee is 
reduced to serve

his production…

Have a look at the shipper‘s & consignee‘s invenotry:

Adapted by Kortschak 2016
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1 2 3 4 5
days scheduled
journey time

What happens with the buffer during
transit time when cargo is transported?

2nd day:

The buffer is reduced:The buffer is created:

Have a look at the shipper‘s & consignee‘s invenotry:

Adapted by Kortschak 2016



75

1 2 3 4 5
days scheduled
journey time

What happens with the buffer during
transit time when cargo is transported?

3rd day:

The buffer is reduced:The buffer is created:

Have a look at the shipper‘s & consignee‘s invenotry:

Adapted by Kortschak 2016
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1 2 3 4 5
days scheduled
journey time

The buffer is reduced:

What happens with the buffer during
transit time when cargo is transported?

The buffer is created:

4th day:

Have a look at the shipper‘s & consignee‘s invenotry:

Adapted by Kortschak 2016
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1 2 3 4 5
days scheduled
journey time

The buffer is EMPTY:

What happens with the buffer during
transit time when cargo is transported?

The buffer is created:

5th day:

Have a look at the shipper‘s & consignee‘s invenotry: STOP!

Adapted by Kortschak 2016
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3 4 5 7 8621

B U T:
What happens if train is 3 days late?

No buffer inventory left =

NO PRODUCTION!

?

6th day:
NO PRODUCTION?

Adapted by Kortschak 2016
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3 4 5 7

What does consignee, if ON TIME delivery is NOT expected?

8621

What happens if train is 3 days late?
Industry holds additional safety stock

days actual
journey time

Safety stock is added

6th day:

Adapted by Kortschak 2016
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3 4 5 7 8621

What happens if train is 3 days late:
Industry holds additional safety stock

But not only for 3 days,

for 5 days – because 
they don‘t know when
the cargo will arrive! 

What does consignee, if on time delivery is not expected?

6th day: Safety stock is held!

Adapted by Kortschak 2016



What is the economic result, if safety stock increases costs:

Freight remains the same

Transport
Costs/unit

BUT:
Safety stock
increases costs 
much more than
freight : x-fold!

Total Costs

Volume/Weight

Source: Bahke 1984 adapted from: Culliton/Lewis/Steele, Boston, Mass. 1956

! !
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Conclusion:
Late freight trains double inventory costs of industry

due to progressive safety-stock increases in industry.

Inventory costs of industry exceed freight paid to

the carriers by many times (i.e. 1:5 in Western Europe on av.)

OR – in short:
If there is an alternative transport offer which promises AND

keeps ON TIME delivery cargo will shift to the alternative!

Progressive inventory costs with the
truck available as alternative 
made rail share decline!



1992/3: Internal Market: Econ.of Scale in central. industries

Need cheap transport costs to serve the marktes (Postponement strategy)

Source: Leonida 1994



Price per truck-km

Costs per truck-km

Prior to Internal Market. High transport costs of about 3 DM per truck km - any additional 
Collected or Delivered Cargo served as a Margin Contributor (Cross Subsidies for C & D)

Annual Truck-km



Within three  months the price-level in Germany for long-distance truck-haulage fell by 50 % in 1994Within three  months the price-level in Germany for long-distance truck-haulage fell by 50 % in 1994Within three  months the price-level in Germany for long-distance truck-haulage fell by 50 % in 1994Within three  months the price-level in Germany for long-distance truck-haulage fell by 50 % in 1994

Within 3 months after removing
nationalRegulation in Germany 
the price for longDistance –
Trucking fell by 50 % !

Within three  months the price-level in Germany for long-distance truck-haulage fell by 50 % in 1994Within three  months the price-level in Germany for long-distance truck-haulage fell by 50 % in 1994

Price per truck-km

Costs per truck-km

National regulation for Road Transport was rapidly abandonned:

Further Price drecreases expected



Rail gets less revenues for their services (delta 1) because they have to 
compensate the truck haulier’s higher unit costs for collection and delivery 
(delta 2). Even an increase in round-trips to and from the station does not 
alter the situation.

Price per truck-km

Costs per truck-km

Consequences for Raillfreight: Revenues for Railfreight fell well below the long distance truck

3 DM/km to 0,12 DM/km
Revenue decline
for Railfreight
Undertakings

Number of Round Trips

Truck km/y



Block trains

... serve a few BIGGIES

Single Wagon Loads

..... could serve EU shippers, if  properly organised

... Block/Unit Trains do not catch the cargo in the region



Innovative combination of single wagon load and combined transport:



Direct access of electric traction underneath gantry crane:



Terminal Munich Riem: Original setting: 4 reception tracks and 3 departure tracks





Munich Riem 2000+: The Reception and Departure Area becomes a Terminal modul:



Munich Riem: Replacing the Incoming and Departure tracks with another Terminall modul



The KRUPP Fast transfer mega turntable in a closed building:

Truck loading/
unloading

High-Rack
storage

High Rack
Service device

Loading units

Loading/Unloading
track

Transfer unit

Cross conveyor

Longitudinal conveyor



Mega – Turntable
Integrated System for maximum performance in Combined
Transport





Cargo Sprinter



RoadRailer



INNOFREIGHT Solutions: 
Based on ISO-Containers:
Making Railfreight competitive even in Sweden with RoadTrains and higher HGV-limits



Long distance
truck

Distance

C
o
s
t
s

Rail often claims to be competive when a 
2nd Driver is needed to meet legal obligations

Source: Bukolld 1996

Long Distant Trucks need 2nd driver –
which never showed up in the calculations



But the situation is even worse….



Year Number Year number
1994 11.742 2006 4.004
1995 11,290 2007 3.998
1996 11.096 2008 3.732
1997 9.264 2009 3.726
1998 7.524 2010 3.732
1999 7.024 2012 2.374

Development of single wagon infrastructure in Europe til 2012:

CFL DB Swe-

den

SNCB RCA SBB X-

Rail

Marshalling 

yards

1 11 4 2 8 5 37

Nodal point

yards

11 1738 305 69 100 323 3620

Private 

sidings

16 3795 800 360 1100 1500 8801

Source: Ferk 2012

Germany

only:



Block trains

... serve a few BIGGIES

Single Wagon Loads

..... could serve EU shippers, if  properly organised

... Block/Unit Trains do not catch the cargo in the region



Where
do we
want
to go to?



Pfohl, Stölzle 1999

How to identify railfreight potential?

Transportdistance (km)

Volume per shipment

Frequency per year









State of the Art – Best Practice today: INNOFREIGHT  Solutions !



From 1 to 12 by immediate transfer without buffer =  INNOFREIGHT Solutions

INNOFREIGHT  Solutions:
-Maximum Payload per m train length
-Direct Movement Warehouse to Warehouse

Transfer

Transfer
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Optimizing
by reducing
interfaces



Lasica 2021







Lasica 2021
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2018 Modal Shift

- 50g%

- 90%

- 90%

36 %
Rail Modal Share –
if long distance road freight is substituted by rail  

The Potential
Volume:

Saving 40 million tonnes C02 per year
Source: Doppelbauer 2022



1. Saving Space for Railfreight in spacial and transport planning

2.   Increasing train length to 650 and 740 m

3. Adjust sidings for 740 m trains

4..  Allow D4 – loadings on complete network

5. New track should have gradiants between 5 and 12,5 Promile – and not more:
1 Loco for 2000 tons

6. High speed rail should be constructed for 230 km/h max. speed, but
scheduled speed – regularly – of 160 km/h for passenger trains and 120 km/h for freight

What to do to achieve ?

And what could–and should you do immediatly:
Work on seamless traffic flows despite construction…



Source: RCG



Source: RCG



Source: RCG 



Time Windows for Coupling in the Flow of goods
have to be widened to let wagons and material flow:



Good cooperation

The CCC – Strategy:

1. Commitment

2. Competence

3. Coordination
Source Radovic 2019

With the cooperation on time windows for reconstruction and development you may start now:



Prof. Dr. Dr. Bernd Kortschak


