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Ship Efficiency Conference 2023
Prof. Dr.-Ing. Carlos Jahn, September 25, 2023
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Fraunhofer CML: Innovating the Maritime Sector
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Making shipping, ports and logistics safer, more efficient and more sustainable

© Fraunhofer
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Fraunhofer CML
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Innovating the Maritime Sector

© Fraunhofer

Industry Focus

Shipping Ports

Maritime Logistics

Maritime Technologies

Interdisciplinarity

 Engineers (mechanical 
and electrical 
engineering, 
shipbuilding) 

 Logisticians
 Economists

 Computer scientists
 Mathematicians

 Navigators

Ship Tech-
nology

Port Tech-
nology
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Why is Efficiency of the Transport Chain an Issue?

Efficiency means doing things right. 

Working faster or better or

more resource-efficiently.

Effects of Transport Chain Efficiency

• keeping customers satisfied

• faster and reliable delivery

• shorter order processing times 

• better inventory management 

• better resilience

• higher profits (costs reduction 10-30%)

Demand vs Capacities

• growing demand for transport meets limited 

capacities (transport, infrastructure)
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Global Market Development
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Populations, Economies, Trade

Global Framework and 
determining factors

• Growing populations and 
economies lead to more global 
trade and thus seaborne 
transport

• Expanded demand for 
transport meets inelastic supply 
of transport capacity

Source: UNCTAD (2022): Review of maritime transport

Logistics Market Development
Germany
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Source: DVV Media Group GmbH (2022):  Top 100 der Logistik

Exports

Imports

Logistics Market Volume (Germany)

GDP

Consumption and Investment

Manufacturing Industry

Transport Services (in billion tkm)  
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Priorities of CSCOs (Chief Supply Chain Officers)?

Source: IBM (2022) Own your transformation_Data-led innovation for the modern supply chain (ibm.com) 

52%
Deliver better customer experience

49%
Improve efficiency or profitability

47%
Generate more accurate forecasts

45%
Increase sustainability

45%
Deliver more innovation in business models
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Comparison of Cost Shares in Global Transport
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Sea transport generates the lowest proportion of costs 

Hamburg

Prague

Shanghai

20 ft Container =   11.500 iPads
Shanghai – Hamburg =    800 € 
Hamburg – Prague =    420 €

11 Cent / iPad for 21,075 km

Hamburg - Prague 
(3 % of the route)
700 km = 4 cents per 
iPad

Shanghai - Hamburg 
(97 % of the route) 
20,375 km = 7 cents per 
iPad

30% of the costs are 
allocated on the last 3% of 
the route

Source: HHLA, Nachhaltigkeitsstrategie, 2017

Maritime Transport Chain
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Example: Elements of Handling, Transport, and Storage

Manufacturer End-UserInland Terminal

Road 
Transport

Waterborne 
Transport

Road 
Transport

PortPort

Rail 
Transport

Warehouse

Maritime Transport Chain

Road 
Transport
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Efficiency Potentials in Waterborne Transport

Maritime Transport Chain

Manufacturer End-UserInland Terminal

Road 
Transport

Waterborne 
Transport

Road 
Transport

PortPort

Rail 
Transport

Warehouse

Road 
Transport

13

14



9/27/2023

8

Ship Efficiency Potentials
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Efficiency potential of the seagoing vessel is determined, ~10 years ago

Source: International Council on Clean Transportation ICCT, 2013

Waiting Ships
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Panama canal: more than 100 ships wait for the passage

Source: Marinetraffic.com, 19.09.2023 Source: https://www.waterfront-ms.com/ (Sept 19, 2023) panama-canal-waiting-times/
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Waiting Ships
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Nordrange Ports

Source: https://www.portofrotterdam.com/en/logistics/port-performance (2023)

Waiting Ships
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Situation in bulk and tanker transport

Source: https://unctad.org/system/files/official-document/rmt2022_en.pdf --> S.87
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Project Example(s) 1: Route Optimization
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Big Data and AI

• Route optimization taking into account big data 

and artificial intelligence

• Weather Data

• Ship Data 

• Logistics Data 

• Ship Traffic Data

• COLREG

Maritime Transport Chain
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Efficiency Potentials in Railroad Transport

Maritime Transport Chain

Manufacturer End-UserInland Terminal

Road 
Transport

Waterborne 
Transport

Road 
Transport

PortPort

Rail 
Transport

Warehouse

Road 
Transport
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Efficiency Potentials in Railroad Transport

27.09.2023 © FraunhoferSeite 21

Bottlenecks and lack of punctuality

Source: https://www.allianz-pro-schiene.de/themen/gueterverkehr/, https://de.statista.com/statistik/daten/studie/1396603/umfrage/puenktlichkeitsquote-der-db-cargo/

Share of punctual trains (DB Cargo)

Maritime Transport Chain
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Efficiency Potentials in Inventory

Maritime Transport Chain

Manufacturer Inland Terminal

Road 
Transport

Waterborne 
Transport

Road 
Transport

PortPort

Rail 
Transport

Warehouse

Road 
Transport
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Efficiency Potential in Inventory
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Increasing Inventory and Globalized Supply Chains

Source: PwC / smart moves supply chain (2022)
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Source. https://logistik-heute.de/news/studie-lagerbestaende-im-maschinenbau-2022-deutlich-gestiegen-40962.html

The overall range of inventories 
deteriorated

The inventory turnover rate deteriorated 
at Best-in-Class and Median

Inventory Turnover Rate

Best-in-Class Median

2022 2021
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Efficiency Potential in Inventory
Inventories in Mechanical Engineering
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https://logistik-heute.de/news/studie-lagerbestaende-im-maschinenbau-2022-deutlich-gestiegen-40962.html

Development of average stock in 
mechanical engineering140%

120%

100%

80%

60%

40%

20%

0%

Material Semi-manufactured
products

Finished 
products

Prepayments 
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20222021

38%
48%

32%
38%

27%

32%

Efficiency Potential in Inventory
Total inventory increased by one fifth and shifts to higher value-added levels

Automatic container inspection

??
?

Repair

Originally intended Use 
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Project Example 2: Detection of Container Damage
Computer Vision and Artifical Intelligence
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Maritime Transport Chain
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Efficiency Potentials in Road Transport

Maritime Transport Chain

Manufacturer Inland Terminal

Waterborne 
Transport

Road 
Transport

PortPort

Rail 
Transport

Warehouse

Road 
Transport

Road 
Transport

27

28



9/27/2023

15

Efficiency Potentials in Road Transport
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Road Congestion, Empty Trips, Waiting Times  

Source: https://www.tomtom.com/traffic-index/ (2022)Source: https://www.faz.net/aktuell/politik/ (2022)
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Project Example 3: Predictions of truck waiting times and arrival rates
Efficient truck dispatch with artificial intelligence

• Startingpoint: strongly fluctuating utilization and 

waiting times of trucks at logistic nodes.

• Goal: Prediction of truck waiting times and truck 

arrival rates for the next few days for: 

• More efficient work planning at the terminal

• More efficient route planning for trucking 

companies

• Task: Development and implementation

of a pilot solution at HCS

23. August 2021

Average number of trucks and container handling times, blue=forecast

29

30



9/27/2023

16

Agenda

27.09.2023 © FraunhoferSeite 31

Introduction

Maritime Transport Chain

Potentials

Conclusion

1

2

3

4

Conclusion

27.09.2023 © FraunhoferSeite 32

Relevance, Approaches and Drivers of Transport Efficiency

Approaches

• Avoiding waiting and idle 
times in waterborne, rail 
and road transport through 
synchronization 

• Reducing inventory through 
reliable demand and supply 
forecasts

• Eliminating of bottlenecks 
of waterway, rail and road 
infrastructure

Drivers

• Technology 
(Digitalization, Connectivity, 
AI, …)

• Cooperation 
(Openness, Trust, Data 
Sharing, …)

Relevance

• Potential to reduce costs 
and improve profitability 
and customer satisfaction

• Increasing transport 
demand vs limited 
capacities
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THANK YOU VERY MUCH FOR 
YOUR ATTENTION!
—

Logobereich

Contact
—
Prof. Dr.-Ing. Carlos Jahn

Tel. +49 40 2716461-1001
carlos.jahn@cml.fraunhofer.de

Fraunhofer CML
Blohmstrasse 32
21079 Hamburg
www.cml.fraunhofer.de

Logobereich
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