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Research objective: 
to develop and implement a digital twin to support energy transition decision making for inland shipping

Hypothesis: 

There are decision problems in IWT that are so complex that stakeholders need a digital twin to decide

• Finding consensus among 

stakeholders regarding the 

most effective emission 

reduction measures

• Supporting ship owners to 

pick the most effective 

energy carrier – energy 

converter combination

• Quantifying the potential 

of emission reduction 

measures for a specific 

network

All of these problems 

involve: water depths, 

currents, locks and 

bridges, engine age, 

transport performance, 

etc.

Research objective

• System scale behavior is 

governed by non-linear 

relations and cascading 

effects.

• Same system is valued 

differently by different 

stakeholders

• Problem involves a very 

large number of agents

• Results require data that is 

not easily available

What is a decision problem? When is it considered complex? How can a digital twin help?

• A Digital Twin can resolve 

complex relations, so they 

are included in decision 

making.

• Interaction may help 

stakeholders to understand 

trade-offs between interests 

• Smart data structures may 

allow zooming in and out

• The potential impact of 

uncertainty can be shown
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Research questions

1. How can we evaluate if a decision problem’s complexity makes it 
suitable for digital twin implementation?

2. How can we design a simulation framework (and validate it) to quantify 

the identified complex decision problem?

3. How can we integrate the identified simulation framework into a digital 

twin that is interactive?

4. How can we confirm that stakeholder’s indeed make better decisions 
using a digital twin?   
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Research question 2 – the framework

• a simulation framework … to quantify … complex decision problems

Ship dimensions,
loading capacity, fleet

Sailing speed

Currents, channels, bridges, 
locks, etc.

This approach can be used to estimate fuel use and emissions, 
but also to investigate the effects of discharge extremes!

We propose meso-scale discrete event modelling to generate 

bottom-up corridor scale insights with fairway section scale detail
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Research question 2 – the framework

• OpenTNSim is a useful toolbox available in Python

By utilizing the NetworkX package we 

can use advanced graph processing 
tools

• From very simple one-edge graphs

• Via more complex, but still highly 
simplified, multi-edged graphs

• To the full-scale Fairway Information 

System graph maintained by 

Rijkswaterstaat

All coordinate projections available 

Detailed date-time control available
Full discrete-event simulation via Simpy
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Research question 2 – the framework

• OpenTNSim is a useful toolbox available in Python

A basic simulation involves:

1. Specification of a graph

2. Specification of a vessel object

3. Simulation of the vessel 

navigating the graph

4. Inspection of the log results

Logs are useful when seeking 
validation against actual vessel logs
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Evaluating effective emission measures

Segers, L. (2021). Mapping inland shipping emissions in time and space for the benet of emission policy 
development: a case study on the Rotterdam-Antwerp corridor. Master thesis, Delft University of Technology.

Use AIS to determine ‘T0 emission scenario’

Emission heatmap of 1 day (2 September 2019)

CO2 emissions PM10 emissions NOx emissions

Use simulation to test ‘Fleet renewal’ (OpenTNSim)
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Selecting appropriate alternative fuels
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Quantifying hotspot causes
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Digital Twin Dashboard
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Doi: 10.5281/zenodo.3251545 

Doi: 10.5281/zenodo.3341516 

Reading

knowledge 

Playing

understanding 

Coding

developing 

https://doi.org/10.5281/zenodo.3251545
https://doi.org/10.5281/zenodo.3341516
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Questions

• We are considering suitable ‘complex’ problems to include in the 
research proposed here:

– We would love to hear about ‘complex’ problems that would 
be of particular interest to you

– What kind of information do you think would help to improve 

decision making?

– What are your thought on Digital Twin functionality?

• Education – inform stakeholders on key complexity

• Negotiation – provide insight into key trade-offs

• Optimization – help users to find the best solution

• Other?
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