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Inland waterway transport (IWT) is one 

modes, requiring far less energy per 

systems, domains, and spatial and 

 

Digital twins for IWT
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• Transport network data: routing 
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Developing digital twins for zero-emission and  
climate-resilient inland waterway transport

DIGITAL TWINS FOR ZERO-EMISSION 
INLAND WATERWAY TRANSPORT



enables ongoing calibration and 
improved predictive accuracy for 
operational, tactical, and strategic 
decisions.

The feasibility of ZE and climate-

challenges, including congestion at 
locks and terminals, unreliable transit 
times, droughts, ageing infrastructure, 
availability of alternative fuel, safety, 
fragmented data landscapes, and 
increasing sustainability requirements. 

obscuring system complexity, cascading 
(11) 

To address this, the IWT community 
should prioritise understanding system 
behaviour and identifying key decision 
problems to guide digital twin functional 

contexts. Given the diversity of decision 
contexts, a single digital twin is unlikely 
to address all problems. Instead, 
modular architectures, interoperability, 
and collaborative development are 
essential to support decision-making 
and enable the transition toward ZE and 
climate-resilient IWT.

Evaluation of IWT systems 
from multiple perspectives
The evaluation of complex systems 
from multiple perspectives, considering 
scales, conditions, behaviour, and 
dependencies (12)

approach for translating objectives into 
design requirements for an analytics 
framework. The process starts with a 
clear problem conceptualisation and 
proceeds with a structured assessment 
of requirements across these four 
perspectives.

Scales concern upfront decisions on 
minimal temporal (e.g., seconds to 
months) and spatial resolution (e.g., 
centimetres to kilometres), as well as 
aggregation methods that translate 
detailed data into higher-level 
representations (e.g., hourly to monthly, 
waterway segment to province).

Conditions address the upfront 
decisions on external and 
environmental factors required to 
explain observed behaviour. In IWT, 
these include water depths, currents, 
waterway dimensions, and 
infrastructure elements such as locks, 
terminals and energy supply facilities. 

model selection and output design, 
determining which environmental 
attributes must be represented.

Behaviour requires upfront decisions on 
the level and type of human behaviour 
the analytics framework should capture. 
Key design choices include representing 
individual agents versus collective 
behaviour, dynamic versus steady-state 

strategies (e.g., constant speed versus 

deployment responses to unmet transport 
targets, and route selection criteria).

Dependencies address upfront decisions 
on the kind of interactions the analytics 
framework should be able to resolve, 
such as queue formation when capacity 
is exceeded, cascading delays caused by 

of alternative locking strategies. 

more complex and cumulative 
requirements. Addressing them early in 
the design process reduces costly 
iterations during development. Without 
such upfront structuring, even advanced 
digital twins for IWT may fail to provide 
actionable insights or operational 
decision support.
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