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Executive Summary

This deliverable outlines the environmental impacts of inland waterway transport (IWT) on various
factors such as water flow dynamics, sediment dynamics, morphology, vegetation dynamics, aquifer
dynamics, water quality, air quality, and environmental noise. It emphasizes the importance of
implementing a range of mitigation measures, including technological solutions, policy interventions,
and collaborative efforts involving government agencies, industries, and local communities, to
minimize the negative effects of IWT on ecosystems and promote sustainability. The document also
discusses the integration of these measures into the ReNEW project, aligning with EU environmental
directives and highlighting the need for a multidisciplinary approach.

LL1 focuses on synchromodal logistics arrangements, particularly in freight transportation using
barges through the city's canals and rivers. One use case involves creating a "Smart Terminal" for
increased resilience, incorporating autonomous barges, remote-controlled mooring, and drone-based
inspections. Another use case aims to develop a Floating Modular Platform (FMP) for emergency
situations, such as floods or diseases, equipped with a battery for power supply. Use Case 3 focuses
on building an extensive network of water level measurement points in Flanders, providing
environmental data to a command center. Use Case 4 explores utilizing batteries for urban vessel
propulsion and transforming them into a substantial power supply infrastructure. Synchromodality in
LL1T emphasizes minimizing environmental impact, stakeholder collaboration, and efficient asset
management beyond transportation. The deployment of floating modular platforms is expected to
have positive impacts, but potential environmental concerns include effects on biodiversity, water
quality, and ecosystem disturbance. Mitigations involve environmental impact assessments,
choosing suitable locations, regular monitoring, and incorporating features to promote biodiversity.

In LL2 the focus is on addressing challenges from extreme weather events and illicit wastewater
discharge. Use Case 1 involves constructing a digital twin to model and forecast the Douro River's
behavior during severe weather, enhancing emergency preparedness and navigation efficiency. Use
Case 2 aims to prevent illegal wastewater dumping using smart contracts and blockchain technology.
The implementation of these use cases is expected to contribute to the resilience, safety, and
environmental sustainability of inland waterways. Digital twin technology in LL2 is anticipated to have
significant positive environmental effects by improving navigational safety, reducing pollution, and
optimizing energy consumption. Preventing illegal wastewater discharge is crucial for preserving
freshwater ecosystems.

LL3 focuses on enhancing the "Blue Wave" platform by introducing a Planning and Mitigation Module
for inland waterway transport. LL3 aims to address disruptions, improve efficiency, and promote
sustainability in the inland shipping industry. The integration of digital tools, data exchange, and smart
algorithms is expected to modernize the inland shipping sector and contribute to environmental
sustainability. Improved navigation planning in LL3 is predicted to have positive environmental
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effects, including reduction in energy consumption, greenhouse gas emissions, and the likelihood of
accidents.

LL4 focuses on developing an innovative barge, the X-barge, navigating from Ghent, Belgium, to
Duisburg, Germany. LL4 aims to evaluate the barge's performance under various climatological
conditions, assess its impact on emissions, and influence modal shift between different
transportation modes. The X-barge, still under development, is expected to have positive
environmental impacts, including emission reductions and support for a modal shift.

Several EU Directives, including the Water Framework Directive (WFD) and the Ambient Air Quality
Directive and ecosystem services are influenced by ReNEW activities and are discussed in the present
deliverable.
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1 Introduction
1.1 Mapping the ReNEW Output

The following table (Table 1) maps the ReNEW'’s Grant Agreement (GA) commitments, both within
the formal Deliverable and Task description, against the project’s respective outputs and work to

perform.

Table 1.

Adherence to ReNEW's GA Deljverable & Tasks Descriptions

Deliverable D4.4 Environmental Impact and Mitigation v1

Second report on Living Lab driven use cases and analysis for environmental changes analyses
due to ReNEW measures and innovations impacts.

Task T4.2 Environmental Impact and Mitigation

The Innovative ReNEW actions, like the un-propelled floating platform installation, operation of
autonomous and non-pollutant barges and the handful of initiatives from the Living Labs, play a
key role in the ReNEW project. Beyond addressing ReNEW smart solutions from several
perspectives, the project work also targets to explore their direct and indirect changes on the
riverine environment and consequently the affected ecosystems. The task will report knowledge-
based recommendations for the ReNEW involved actions under extreme conditions.

ReNEW GA Element Title

ReNEW GA Element Outline

Respective Document Chapter (s)
and Description

ST4.2.1 Evaluate environmental
impact of innovative actions
within  ReNEW and analyse
changes from context-specific
to regional conditions

Perform Living Lab evaluation following the
legislative actions described in T1.3.1.
including collected data on aquatic and
riverine biodiversity for each study sites
from WP2 and WP5 primarily from available
sources and through necessary field
surveys. To ease the limitation of site-
specific findings on environmental changes
they will be analysed further by using
methodologies described in the EU funded
MARS project (nr. 603378) in the next step
to upscale results for regional conditions.
At the last step the results will be shown in
comparison through environmental impact
of conventional measures (WP1).

Chapter 3, 4, 5 and 6 describes
mitigation measures, Directives and
the indicators involved for each Living
Lab

ST4.2.2 Review and report
mitigation measures for
innovative actions with a focus
on cases under extreme
conditions (flood and draught)

Negative impacts of IWT elements on the
environment shall be mitigated in order to
achieve sustainable goals. There are
numerous projects and studies which
addressed  similar  objectives  while

Chapter 2 describes the mitigation
measures in relation with processes
and functions from D1.6
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promoting structural, maintenance and
operational techniques. Although, there is a
gap of knowledge on how to achieve
mitigation goals during extreme events,
especially in low flow conditions when
exposed shoreline habitats become more
vulnerable to inland navigation. The main
aim is therefore to conduct feasibility
analyses on mitigation measures relying on
case-specific and general environmental
factors. This includes hydro-morphological
and ecological characterization of the
natural environment while incorporating
alternative operational modes of fluvial
navigation. Produce recommendations for
the ReNEW involved actions under extreme
conditions.
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2 Mitigation measures
2.1 Summary of D1.6

D1.6 reports the impacts of common IWT infrastructures on the environment in the light of EU
Directives by linking IWT measures and actions and their potential impact on waterbodies according
to the “Guidance on IWT and Natura 2000 Sustainable inland waterway development and
management". The deliverable sets a baseline for the evaluation of all actions and interventions
proposed within the ReNEW project in the light of the EU environmental directives, with a specific but
not exclusive focus on (i) Water Framework, (ii) Floods, (iii) Habitats, (iv) Birds, (v) Ambient Air Quality
and (vi) Environmental Noise Directives. The deliverable links physical and environmental processes
with IWT actions and Directives. It suggests a set of ecosystem services (ES) to link with physical,
chemical, and ecological processes and connect with IWT measures, and finally, the deliverable
describes a set of indicators adopted from the MARS project that can be used in the project to
quantify the effects of ReNEW solutions on ES.

2.2 Mitigation measures

Water flow dynamics

Inland waterway transport (IWT) is a crucial mode of transportation, particularly in Europe and the US,
where it constitutes a substantial share of the transport network (Meil3ner et al., 2017). Water flow
dynamics can significantly impact IWT, particularly during periods of low streamflow and water levels,
which can reduce the navigability of vessels and limit the efficiency of transport (Meil3ner et al., 2017,
Schoeneich et al.,, 2022). Additionally, the construction of dams can alter the natural flow regimes of
inland waterways, influencing over 85% of these water systems in the United States alone (Hwang et
al.,, 2021). The increase in inland shipping necessitates measures to mitigate the negative impacts of
navigation on affected areas (PreuB et al., 2023). In this context, the environmental viability of inland
waterways and their connections to marine transport systems has been highlighted, emphasizing
their potential for providing green infrastructures, flood prevention, and environmental conservation
(Nemethy et al., 2022).

To address the challenges and mitigate the impacts of IWT sector on water flow dynamics, various
measures and technologies have been proposed. For instance, the use of unmanned surface vehicles
(USVs) for autonomous monitoring, transportation, and cleaning in inland waterways has gained
attention as a potential solution (Cheng et al., 2021). Moreover, the implementation of wave mitigation
measures, such as longitudinal training dams, has been suggested to reduce the effects of waves
generated by inland navigation (Climo et al., 2022). The development of new ship designs, such as
the Watertruck+ and Inbat-Innovative barge trains, aims to improve the effectiveness of IWT,
particularly in shallow waters (Durajczyk & Drop, 2021).

11
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Policy interventions and computational models have been explored to promote sustainable and
efficient IWNT and limit the impact on water flow dynamics. For example, computational models have
indicated that carbon tax, intermodal transport subsidy, and capacity expansion policies can reduce
carbon emissions and promote mode shift from road transport to rail and IWT, thereby optimizing
network performances in different conditions (Wu & Zhang, 2022). Additionally, the assessment of
policies implemented by European seaports to promote IWT actions has been identified as a crucial
aspect of addressing the challenges associated with IWT (Kotowska et al., 2018).

In conclusion, the impacts of water flow dynamics on IWT necessitate the development and
implementation of various measures, technologies, and policies to ensure the sustainability,
efficiency, and competitiveness of IWT. These efforts encompass a wide range of areas, including
hydrology, sediment transport, environmental science, and engineering, and require a
multidisciplinary approach to address the complex challenges associated with IWT. Conversely,
different measures are under implementation to mitigate the impact of IWT activities on water flow
dynamics.

Sediment dynamics

IWT can have impacts on sediments, which are essential for the health of aquatic ecosystems. The
measures to mitigate the impacts of INT on sediments can be divided in different classes. Dredging
management can be improved by scheduled and plan dredging activities during periods of low water
traffic and low environmental sensitivity (Jeong et al., 2019). This can help minimize the disturbance
to habitats substrate. Also implementing selective dredging techniques help to minimize the removal
of important sediment types, refugia and ultimately habitats. Implementation of settling ponds near
dredging sites allows sediments to settle before water is released back into the waterway. Regular
removal of accumulated sediments from settling ponds maintain their effectiveness and the
sediments can be used in case artificial sediment replenishment is required in the catchment (Risal
and Parajuli, 2022).

Establishing monitoring programs as described in by the WFD to regularly assess sediment quality
and quantity may help in identifying areas that may need attention and allow for adaptive
management strategies (CIS Guidance, 2022). The employment of sediment sensors to continuously
monitor sediment levels and quality can further inform decisions and allow for immediate response
to changes (CIS Guidance, 2022). Additionally, maintaining or establishing vegetative buffers along
waterways can contribute to stabilize banks and reduce sediment erosion (Weber et al., 2016). Also,
implementing engineering solutions, such as revetments or nature-based solutions can aid in the
protection of vulnerable banks from erosion (Moreau et al., 2022).

Encouraging or mandating specific hull designs can reduce the turbulence created during navigation,
thus minimizing sediment resuspension. Also, enforcing speed limits in sensitive areas may reduce
the erosive impact of waves on the shoreline (Bilkovic et al., 2019). Furthermore, designing and

12
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maintaining navigation channels with optimal geometries can minimize sediment disturbance and
facilitate sustainable sediment transport.

Finally, impacts sediment dynamics could be mitigated by providing education and training programs
for waterway users (CIS Guidance 2022). These programs may be used to promote best practices
that minimize sediment disturbance and implement and enforce regulations that address sustainable
sediment management in inland waterways, thus ensuring that stakeholders adhere to responsible
practices.

By combining these measures, IWT can be conducted in a manner that reduces its impact on
sediments and helps preserve the ecological health of water bodies. It is important to involve various
stakeholders, including government agencies, shipping companies, and environmental organizations,
to implement and enforce these measures effectively.

Morphology and morphodynamics

IWT can have significant impacts on river morphology—that is the shape, structure, and functionality
of a river. Morphology and its dynamics are heavily influenced by measures involving water flow
dynamics and sediments (Hauer et al., 2018). The use of sustainable dredging practices minimizes
morphological consequences. Implementing erosion control measures such as vegetative buffers
and protective structures prevent bank erosion, and employing engineering solutions (revetments,
riprap, Nature Based Solutions) stabilizes riverbanks and prevent erosion. Locks and dams can be
constructed to strategically regulate water flow, maintain navigable depths, and prevent excessive
erosion or sedimentation. The coordination with water resource management authorities to regulate
water releases from upstream reservoirs may balance both needs of navigation and morphological
processes (Hayes et al., 2018). Developing sediment management plans may contribute in handling
the impacts of dredging ensuring that sediment disposal is done in an environmentally responsible
manner. Furthermore, integrating considerations for river morphology into the planning and design of
navigation infrastructure minimizes adverse effects (CIS Guidance, 2022).

Conducting thorough EIAs before initiating new waterway projects is key in identifying potential
impacts on river morphology and developing mitigation strategies. Providing subsidies for shipping
companies to adopt environmentally friendly practices, such as low-impact vessel designs and fuel-
efficient technologies may incentive to reduce impacts.

By combining the above-mentioned measures, it is possible to develop a sustainable IWT system that
minimizes negative impacts on river morphology and preserves the ecological health of inland water
bodies. Finally, an effective collaboration between government agencies, the private sector, and local
communities is crucial for achieving these goals.

Vegetation dynamics
Vegetation along the waterways is essential for stabilizing banks, preventing erosion, providing
habitat for wildlife, and maintaining water quality. Vegetation can be used for mitigation strategies

13
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and also requires some protection and conservation actions. A selection of mitigation measures
related to vegetation along IWT are described below.

Establishing riparian buffer zones with native vegetation along the banks of inland waterways help to
prevent erosion, filter pollutants, and provide habitat for various species (Kim et al., 2011). Buffer
zones can act as a barrier between the water and adjacent land, reducing the impact of runoff and
protecting water quality (Webster et al., 2018). Vegetation plays a crucial role in stabilizing riverbanks
through various mechanisms. Riparian vegetation, in particular, has been widely recognized for its
positive impact on streambank stability. The roots of riparian vegetation have been shown to
significantly increase the geomechanical stability of stream banks (Pollen & Simon, 2005). This is due
to the ability of the root systems to bind soils, thereby increasing the strength of the riverbank (Yang
et al., 2018). Additionally, riparian vegetation influence the stability of riverbanks by altering water
velocity, water depth, and the power of shear stress, which ultimately affects the rate of bank erosion
(Gholami & Khaleghi, 2013). Furthermore, the establishment of riparian vegetation has been
associated with a reduction in the lateral migration rate of riverbanks (Yang et al., 2018). The presence
of vegetation on riverbanks has been linked to a decrease in the velocity and discharge of rivers, which
contributes to the stabilization of riverbanks (Ziana, 2022). The stability of riverbanks has also been
positively correlated with greater vegetation density and size along the riverbank (Briggs et al., 2008).
Additionally, the cooling effect potential of urban green spaces, including vegetated riverbanks, has
been highlighted, further emphasizing the multifaceted benefits of vegetation in stabilizing riverbanks
(Omar et al., 2018).

Vegetation plays a crucial role in influencing water quality. Riparian vegetation, for example, has been
found to have positive, long-term impact on water quality, with the potential to improve it even after
restoration efforts (Dosskey et al., 2010). Additionally, the quality of vegetation has been linked to an
increase in biodiversity and health, which can positively impact water quality (Nguyen, 2023).
However, the degeneration of riparian vegetation has been associated with reduced groundwater
recharge, leading to increased salinity and degraded water quality (Pang et al., 2009). Furthermore,
the impact of vegetation on water quality can be influenced by factors such as land use changes,
sanitation conditions, and irrigation practices (Firdayati et al., 2022). Implementing integrated land
use planning ensures that development activities along waterways consider the preservation and
enhancement of vegetation. This involves zoning regulations, conservation easements, and other
measures to protect riparian areas.

By implementing these mitigation measures, it is possible to balance the use of inland waterways for
human activities while preserving and enhancing the natural vegetation and ecological functions
associated with these environments.

14
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Aquifer dynamics
IWT can have various impacts on aquifer dynamics, particularly if it involves the construction and
maintenance of canals, channels, and related infrastructure. Several mitigation measures can be
applied to minimize the impacts.

Implementing groundwater monitoring programs allows to track the changes in water levels over
time. Adopting sustainable water extraction practices may avoid excessive pumping from aquifers.
Establishing regulations that limit the depth of excavation minimizes impacts on groundwater levels.

Regarding groundwater flow patterns, conducting thorough hydrogeological studies before
construction help to understand existing groundwater flow patterns and based on this design
waterways to minimize disruption to natural flows. Measures such as permeable barriers allows to
control and redirect groundwater movement. Conducting thorough ElAs before initiating inland
waterway projects can aid in the assessment of potential impacts on aquifers and surrounding
ecosystems. Furthermore, implementing recommendations from EIAs may minimize adverse effects
and ensure sustainable aquifer dynamics.

The use of new technologies can mitigate these impacts by improving efficiency and reducing
environmental effects (Restrepo-Arias et al., 2022). The integration of IWT in intermodal supply chains
presents both challenges and opportunities for mitigating its impact on aquifer dynamics (Caris et al.,
2014). Furthermore, the impact of IWT on aquifer dynamics can be influenced by climate change,
which necessitates forecasting and monitoring efforts (Hendrickx & Breemersch, 2012; Christodoulou
et al., 2020). Overall, while IWT can affect aquifer dynamics, the adoption of innovative technologies
and sustainable practices can help mitigate these impacts.

Mitigating the impacts of IWT on aquifer dynamics requires a holistic approach that integrates
scientific research, effective regulation, and sustainable engineering practices. Collaboration among
stakeholders, including government agencies, local communities, and industry, is essential for the
successful implementation of mitigation measures.

Water quality
IWT can have various impacts on water quality, primarily due to vessel operations, infrastructure
development, and associated landuse changes. These impacts include pollution, sedimentation, and
alterations to natural hydrological patterns. Mitigating these impacts is crucial to maintain the health
of aquatic ecosystems and ensure the sustainable use of inland waterways. A selection of key
impacts on water quality are described in the following paragraph.

Discharges from vessels, including oil, fuel, and other hazardous substances, can lead to water
pollution, while runoff from adjacent areas and industrial activities along waterways may also
contribute to pollution. Increased shipping activities can result in sediment resuspension, leading to
higher sediment loads in the water. This can degrade water quality, impact aquatic habitats, and
interfere with light penetration, affecting submerged vegetation. Runoff from agricultural areas or

15
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urban development along waterways can introduce excessive nutrients (e.g., nitrogen and
phosphorus) into the water, leading to eutrophication, algal bloom, and oxygen depletion. Ballast
water discharges from vessels may introduce non-native invasive species, impacting water quality
and disrupting local ecosystems.

To mitigate these impacts, several solutions are available. Strict enforcement of environmental
regulations for water quality, as given through the WFD, is essential to prevent and control pollution
from IWT. This includes setting and enforcing discharge standards for vessels. Implementing
effective ballast water management practices, such as treating or exchanging ballast water to
minimize the transfer of invasive species, helps protect water quality and native aquatic ecosystems
(Sieracki et al., 2014; Lin et al. 2019). Developing and implementing oil spill prevention plans and
response strategies are crucial to minimize the impact of oil and fuel spills on water quality (Jiang et
al., 2021). This includes the use of containment booms, skimmers, and other response equipment.
Regular monitoring of water quality parameters, as required by the WFD and the Urban Waste Water
Treatment Directive, including nutrients, pollutants, and sediment levels, helps identify trends and
potential issues and inform adaptive management strategies. Raising awareness among the public,
stakeholders, and industry about the importance of water quality and the potential impacts of IWT
can foster responsible practices. Supporting research and innovation in environmentally friendly
technologies for vessels, such as cleaner propulsion systems, can contribute to reducing the overall
impact of transport on water quality.

A combination of these mitigation measures can facilitate the mitigation of IWT impacts on water
quality and promote sustainable use of these water systems. Collaboration among government
agencies, industries, and local communities is crucial to implementing effective measures and
ensuring the longterm health of inland waterways.

Air quality
IWT can have some impacts on air quality. The primary contributors to air quality issues in IWT are
emissions from the vessels themselves and, to a lesser extent, from the supporting infrastructure.
Inland waterway vessels use diesel engines, which can emit pollutants such as nitrogen oxides (NOx),
sulfur dioxide (S02), particulate matter (PM), and carbon dioxide (CO2). These emissions contribute
to air pollution and climate change. Supporting infrastructure, such as loading and unloading facilities,
may contribute to localized air pollution by fossile fuel-run machinery, vehicles, and energy sources.

To mitigate these impacts, encouraging or mandating the use of cleaner propulsion technologies,
such as lowsulfur diesel engines, hybrid or electric propulsion, and alternative fuels, can significantly
reduce emissions from inland waterway vessels. Implementing and enforcing strict emission
standards, as the Air quality directive for vessels can help control the release of pollutants.
Regulations may include limits on NOx, SO2, and particulate matter emissions.

Supporting the use of alternative fuels, such as liquefied natural gas (LNG) or biodiesel, can help
reduce the carbon footprint and air pollutant emissions associated with IWT. Encouraging efficient

16
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vessel operations, such as optimized routes, reduced idling, reduced speed, and proper maintenance,
can enhance fuel efficiency and decrease emissions. Implementing shore power facilities allows
vessels to connect to the electrical grid while docked, reducing the need for onboard generators and
minimizing emissions. Onshore facilities should also be designed with environmentally friendly
practices.

Conducting EIAs before the construction or expansion of inland waterway infrastructure can help
identify potential air quality impacts. This allows for the development of strategies to minimize or
mitigate these impacts. Encouraging a shift to intermodal transport, where cargo is transferred
between different modes (e.g., water transport and rail), can help optimize transportation routes,
reduce overall emissions, and minimize the impact on air quality.

By combining these mitigation measures, it is possible to enhance the sustainability of inland
waterway transport, minimize its impact on air quality, and contribute to the overall reduction of
greenhouse gas emissions from the transportation sector. Collaboration between government
authorities, industry stakeholders, and the research community is essential for the successful
implementation of these measures.

Environmental noise

IWT can contribute to environmental noise pollution, impacting both aquatic and terrestrial
ecosystems. The noise generated by vessels, engines, and associated activities can have various
adverse effects on wildlife, habitats, and human communities near waterways. Noise from boat
engines and propellers can disturb aquatic life, including fish and other underwater species, affecting
their behavior, communication, and migration patterns. Birds nesting or foraging along waterways
may be sensitive to noise disturbance, leading to altered breeding success, disrupted feeding
behaviors, and potential displacement from critical habitats. Terrestrial habitats near waterways can
experience disruption due to noise pollution, affecting the behavior of landbased species and
potentially leading to habitat fragmentation. Residents living near inland waterways may experience
noise-related stress and a decrease in the overall quality of life due to constant exposure to vessel
traffic and related activities.

Encouraging the use of quieter engines and propulsion systems in waterway vessels, such as electric
or hybrid propulsion, can significantly reduce noise emissions. Implementing and enforcing speed
limits for vessels can help reduce noise levels. Traffic management measures, such as regulating the
timing and frequency of vessel movements, can also contribute to noise reduction. Proper
maintenance of vessels, engines, and associated equipment is crucial to minimizing noise emissions.
Furthermore, regular inspections and timely repairs can prevent the development of noisy
components.

Installing physical barriers or soundproofing measures can minimize the transmission of noise to the
surrounding environment. This may include the use of sound-absorbing materials on ships.
Incorporating noise considerations into landuse planning and zoning regulations may promote
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designated quiet zones in sensitive areas where noise impacts on wildlife or human communities
need to be minimized.

By implementing a combination of these mitigation measures, it is possible to reduce the
environmental impact of noise associated with IWT while still maintaining the economic benefits of
waterborne transportation. Collaboration between stakeholders, including government agencies,
industry, and local communities, is essential for the successful implementation of noise reduction
strategies.

3 LL1
3.1 LLT summary

Synchromodality is an advanced transportation concept integrating multimodal, intermodal, and
combined transport modes to create a sustainable and efficient supply chain. The approach aims to
minimize environmental impact while optimizing resource utilization by emphasizing flexibility and
provision of realtime information. Key elements include shipment flexibility, stakeholder
collaboration, and the potential for efficient asset management beyond transportation.

In Ghent, Belgium, the use of barges is crucial for freight transportation, with a significant portion
occurring through the city's canals and rivers. OHB has established City Logistics Hubs to test
synchromodal logistics arrangements, with a focus on minimizing emissions through the use of
low/zero-emission and autonomous barges. The initiative involves testing new services and
technologies to enhance operational efficiency, reduce costs, and improve navigational capabilities.
The development of infrastructure includes automated navigation and mooring, as well as utilizing
barges as "floating batteries" for off-grid power supply during emergencies.

Use Case 1 aims to develop a "Smart Terminal" for increased resilience. A Smart Port is a port that
uses automation and innovative technologies including Artificial Intelligence (Al), Big Data, Internet
of Things (1oT) and Blockchain to improve its performance. This involves creating an autonomous
barge with remote control capabilities and a Mobile Command Center (MCC) to be deployed in crisis
situations. The MCC serves as a digital backup, allowing remote management outside the affected
area. The autonomous vessel communicates with the onshore control center, and its visual
representation is likely implemented through a dashboard. Use Case 1 consists of several
components, including the Smart Terminal, Smart Ship, remote-controlled mooring and
loading/unloading systems, and the use of a drone for inspections. The Smart Terminal involves
intelligent components for remote-controlled ships, mobile loading/unloading, and drone-based
inspections to enhance efficiency and resilience.

Use case 2 refers to the design and development of a Floating Modular Platform (FMP) within the
Ghent Living Lab (LL). The FMP is intended for use in emergency situations, such as floods or
diseases, and is equipped with a battery for power supply. The platform, resembling a floating
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pontoon, can serve various purposes, including as a floating battery system or a modular hospital.
Collaboration between UGAL, OHB, and SEAFAR aims to implement a smart navigation system,
automate the mooring system, and contribute to the development of autonomous platooning for
barges.

Use case 3 will be based on a potential emission reduction of 97,528 kilograms of CO2 per year due
to zero-emission electric urban vessels, equivalent to the absorption capacity of an 8.13-hectare
forest. This Use Case aims to build an extensive network of water level measurement points in
Flanders, providing detailed information and short-term predictions based on historical data. The
Flemish water authority manages a database with real-time data from 335 measuring points,
including water levels and flow data. The LL proposes equipping the urban vessels with sensors to
measure and transmit water level information to the command center (CC). These sensors will gather
environmental data, including water level, stream, air pollution, CO2, and NOx emissions. The
information from these sensors can trigger alerts in case of emergencies, benefiting government and
crisis institutions.

Use case 4 comprises two main aspects: i) utilizing batteries for urban vessel propulsion and ii) using
these batteries to become a substantial power supply infrastructure. In terms of propulsion, barges
will navigate using an electric system coupled with an extended battery setup, which can eventually
serve as a floating power supply in both crisis and regular conditions. Batteries, whether integrated
within or on the deck of the vessels, offer an alternative power source for long distances. The
batteries, intended not only for propulsion but also as a substantial power source with cascading
effects, can function as a floating off-grid power supplier, particularly useful in emergency scenarios
such as hospitals or crisis centers. The flexibility exists to combine both systems, enabling battery
usage for non-propulsion purposes when a vessel is stationary. The autonomous vessels will be
remotely controlled from the MCC.

3.2 Predicted impacts, mitigations, Directives

Synchromodality aims to optimize transport processes by utilizing different modes of transport to
achieve efficiency and reduce environmental impact (Lemmens et al., 2019). It promotes a modal
shift towards more environmentally friendly transport modes such as rail or inland waterways, without
compromising responsiveness and service quality (Lemmens et al., 2019). Synchromodality has the
potential to increase the use of transport services, contributing to the development of a sustainable
transportation system (LiZbetin et al., 2018). It is recognized as an innovative solution for achieving
socio-economic and environmental sustainability by utilizing existing capacities and assets (Zhang
et al., 2022). The success of synchromodal transport is linked to the ability to switch plans when
disturbances occur and to plan container moves and equipment use simultaneously (Larsen et al.,
2021). Overall, synchromodality is seen as a way to provide reliable, flexible, and sustainable
transportation services through the integrated planning and management of different transport
modes (Zhou et al., 2022).
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Some environmental impacts and benefits associated with synchromodality are described below.
Synchromodality, by optimizing resource utilization and promoting the use of more environmentally
friendly transportation modes, can lead to a reduction in overall emissions. For example, if the system
prioritizes rail or water transport over road transport, it can result in lower greenhouse gas emissions.
By optimizing routes and modes based on realtime information, synchromodality can contribute to
energy efficiency in transportation, reducing the overall energy consumption and environmental
footprint of the supply chain.

Synchromodality aims to optimize the use of transportation resources by dynamically adjusting
routes and modes. This optimization can lead to reduced waste and more efficient resource
utilization, contributing to environmental sustainability. The flexibility provided by synchromodality
allows for dynamic adjustments in response to disruptions, such as delays or congestion. This
adaptability can minimize the environmental impact of disruptions by enabling the system to choose
alternative, more efficient routes or modes.

Impacts can be mitigated by specific strategies. Transitioning to cleaner energy sources, such as
electric or hybrid propulsion systems, can significantly reduce emissions. Implementing and
enforcing strict environmental regulations, as well as promoting sustainable practices, can help
minimize water pollution. Conducting thorough environmental impact assessments before the
development of new infrastructure, and implementing measures to minimize disruption, can help
protect habitats. Using more vibration-resistant technologies in vessels, along with implementing
speed restrictions in sensitive areas, can help reduce noise and vibration impacts. Enhancing
connectivity between different transportation modes (e.g., waterways, rail, and road) allows for a
more flexible and efficient transportation network, optimizing the use of each mode and reducing the
overall environmental footprint.

The deployment of floating modular platforms in inland waterways can have both positive and
negative environmental impacts. It's essential to consider these factors and implement mitigation
measures to minimize any adverse effects. The environmental impacts of floating modular platforms
for inland waterways include potential effects on biodiversity, water quality, and ecosystem
disturbance (Tamis et al, 2021; Nemethy et al., 2022; Nokelaynen, 2018). Additionally, the
development of green infrastructures and flood prevention measures can contribute to environmental
conservation (Nemethy et al., 2022). Installation of floating platforms may disrupt local aquatic
habitats and affect the flora and fauna. The presence of platforms could affect water quality through
shading and changes in water flow. The platforms may act as substrates for invasive species and
biofouling, affecting local biodiversity. Construction and operation of floating platforms may generate
noise and vibrations, potentially impacting aquatic life.

Adverse effects might be mitigated by using different strategies such as for example conduct
thorough ElAs before deployment and implement designs that minimize disturbance to aquatic
ecosystems and consider alternative locations to protect sensitive habitats. Regular monitoring of
water quality and designing platforms to allow sufficient light penetration while implementing
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sediment control measures may prevent the release of pollutants. Preventing the introduction of
invasive species could be done by using materials resistant to biofouling and by regular inspection
and cleaning of the platforms. Scheduling of construction activities can minimize disruptions during
sensitive periods for aquatic life. Incorporating vegetation on the platforms may enhance habitat
quality and provide additional ecological benefits. Integration of features such as artificial reefs (in
marine environment) or habitats for fish and other aquatic organisms into the platform design could
promote sustainable biodiversity.

The availability of realtime information provided by the Flandres gauging stations network facilitates
better planning and decision-making. This can lead to more efficient route selection, reducing
unnecessary mileage and associated emissions.

Inland waterway vessels used as batteries can have significant environmental impacts, including CO2
emissions reduction and energy efficiency improvements (Durajczyk & Drop, 2021; Bazaluk et al.,
2021). However, challenges such as insufficient waterway infrastructure and low water levels can
hinder their effectiveness (Schoeneich et al., 2022). Mitigations to address these impacts include the
development of green infrastructures, flood prevention, and environmental conservation (Nemethy et
al., 2022). Additionally, further automation of inland cargo vessels and the improvement of waterway
infrastructure can help exploit their capacity and reduce energy consumption (Peeters et al., 2020;
Szaruga & Zatoga, 2022; Galierikova & Sosedova, 2016). Therefore, while inland waterway vessels
offer environmental benefits, addressing infrastructure limitations and optimizing vessel design are
crucial for maximizing their potential as batteries.

LL1 involves different use cases and are according to D1.6 directly related to several EU
Environmental Directives (see Table 2).

Table 2: Directives involved in LL1.

abitat
IAssessment
IAssessment
Treatment
Framework

* Birds

* \Water Framework

* |Ambient Air Quality
Environmental Noise

X |Water Reuse Regulation
+

2 [Strategic Environmental

2 [Environmental Impact
2 [Urban Wastewater

2 [Industrial Emissions
=+ Drinking Water

X [Marine Strategy

=2 [Flood

I
LL1 (+)

—_
—_
—_
—_
—_
—_
—_

In Table 2, the directives that are directly related to LL1 are marked with “+”. The other directives,
marked with “(+)" are involved in LL1 only under specific circumstances. For example, the Habitat
Directive is involved only if the new structures are built in proximity of protected habitats, while the
Impact assessments (EIA Directive) are triggered only if required by the local authorithies. 7he Flood
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Directiveis only partially involved, as are other directives. The directives and ecosystem services are
described in detail in D1.6 and D1.7. For LL1, the indicators recommended are presented in Table 3
and Table 4. Although the Floods Directive is not directly related to LL1, a suggestion is to consider
flood risk as an ES because the LL is located in the city where flood protection is a very important

service.

Networked EU Inland Waterways

Table 3: Directives and indicators as per definition in the Directives.

Directive
Birds
Water Framework

Ambient Air Quality
Environmental Noise

Table 4. Suggested ecosystems services and MARS indicator. In red the indicators overlapping with the Directive indicators.

ES

Water for drinking
purposes

Water for non-
drinking purposes
Water purification
Air quality

(Flood protection)
Maintaining
population
Carbon
sequestration
Recreation and
tourism

4 LL2

Directive indicator

Natura 2000 sites, species list
Ecological status/potential

Pollutants concentration

Level of noise for different time of day

ES indicator (from MARS project)
Water consumption for drinking

Water use per sector

Nutrient concentration, ecological status

Pollutants concentration

(Flood risk maps)

Ecological status, biodiversity value (from Birds Directive)

Carbon sequestration

Number of fishing license, bathing areas

4.1 LL2 Summary

The Douro Living Lab stands as an innovative initiative dedicated to addressing challenges stemming
from extreme weather events and illicit wastewater discharge in the Douro region. With a dual-use
approach, the project seeks to bolster the resilience, safety, and environmental sustainability of inland

waterways.
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In Use Case 1, the focus is on constructing a digital twin that models and forecasts the Douro River's
behavior during severe weather occurrences. By harnessing real-time data from meteorological and
hydrological sensors, the goal is to improve emergency preparedness, navigation efficiency, and
passenger safety.

Use Case 2 targets the prevention of illegal wastewater dumping into the Douro River through the
application of smart contracts and blockchain technology. The emphasis is on cultivating ecological
responsibility among vessel operators to safeguard water quality and the ecosystem.

These pioneering use cases within the Douro Living Lab represent groundbreaking efforts to fortify
the resilience and sustainability of inland waterways. By amalgamating real-time data analysis, digital
twin technology, predictive models, smart contracts, and blockchain, the project provides tangible
solutions for fostering safer navigation and environmental protection.

The successful implementation of these use cases will make substantial contributions to the
overarching objectives of the Douro Living Lab and the ReNEW project, aiming to establish intelligent,
eco-friendly, and robust inland waterways. These advancements are poised to establish new
benchmarks in waterway management and environmental conservation, delivering benefits not only
to the Douro region but also extending their positive impact beyond.

4.2 Predicted impacts, mitigations, Directives

Using digital twins to improve emergency preparedness, navigation efficiency, and passenger safety
in inland waterways can have significant environmental effects. Digital twins can enhance
navigational safety, reduce pollution, and improve energy consumption in inland waterway
transportation (Milankovi¢ et al., 2018). They can also contribute to the development of sustainable
and environmentally friendly transport models, increasing the share of sustainable inland water
transport (Mako et al., 2021). Additionally, digital twins can aid in the assessment and mitigation of
environmental risks, such as congestion and extreme weather events, thereby improving the overall
environmental resilience of inland waterways (Pant et al., 2015; Nelson et al., 2017). Furthermore, by
optimizing vessel operations and energy efficiency, digital twins can help reduce the environmental
impact of inland waterway transport (Kalajdzi¢ et al., 2022; Gao et al., 2017; Litwin et al., 2017). A well-
implemented digital twin can optimize navigation routes and vessel operations, leading to fuel
efficiency and reduced carbon emissions, and ultimately contributing to lower greenhouse gas
emissions and air pollution. The ability to simulate and predict the behavior of rivers during extreme
weather events allows for more effective emergency planning, and can minimize the environmental
impact of disasters by facilitating timely and targeted responses to mitigate potential ecological
damage.

Preventing illegal wastewater discharge into inland waterways is crucial for preserving the ecological
integrity of freshwater ecosystems and ensuring the sustainability of water resources. Discharging
untreated wastewater into rivers and waterways can lead to adverse impacts on freshwater
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ecosystems, including changes in water quality, disruption of aquatic life, and contamination of the
receiving water bodies (Camargo, 2019). The discharge of wastewater effluents from activities can
result in pollution downstream, affecting benthic macroinvertebrates and other freshwater
communities (Belmer & Wright, 2019). Additionally, the presence of microplastics and
pharmaceuticals in inland waterways due to illegal disposal and wastewater discharge poses a threat
to aquatic organisms and the overall ecosystem health (Cossi et al., 2021; Mills et al., 2015).
Furthermore, the release of untreated toxic substances as cyanide waste into waterways can have
devastating effects on the environment (Petersen et al., 2021).

As for LL1, several EU Directives are relevant (Table 5). In LL2, the directives involved are mainly
related to extreme events, such as the Flood Directive, and water quality, such as the WFD and its
amendments, the Urban Wastewater Treatment Directive and the Industrial Emissions Directive.
Dumping wastewater from vessels is regulated by the Urban Wastewater Treatment Directive, which
required a stop to illicit wastewater dumping by the end of 1998. 7he Air Quality Directiveis involved
because of the improvement of navigation efficiency via the digital twin.

Table 5: Directives involved in LL2.
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The Directives and ES are described in detail in D1.6 and D1.7. For LL2, the indicators recommended
are presented in Table 6 and Table 7.

Table 6. Directives and indicators as per definition in the Directives.

Directive Directive indicator

Water Framework Ecological status/potential

Floods Flood risk

Urban wastewater Polluntants concentration (refers to WFD)
Ambient Air Quality Pollutants concentration

Table 7: Suggested ecosystems services and MARS indicator. In red the indicators overlapping with the Directive indicators.

ES ES indicator
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Water for drinking purposes Water consumption for drinking
Water for non-drinking purposes Water use per sector
Water purification Nutrient concentration, ecological status
Air quality Pollutants concentration
Flood protection Flood risk maps
Maintaining population Ecological status, biodiversity value (from Birds Directive)
Carbon sequestration Carbon sequestation
Recreation and tourism Number of fishing license, bathing areas

5 LL3
5.1 LL3 summary

LL3 project aims to enhance the existing "Blue Wave" planning and scheduling platform by introducing
a Planning and Mitigation Module. Focused on the East and South Corridor of inland waterways
(IWWSs) in the Netherlands, incorporating the Rhombus concept, LL3 seeks to address disruptions,
improve efficiency, and promote sustainability in the inland shipping industry. LL3 addresses
challenges in inland shipping, aiming to utilize cutting-edge technology, data integration, and real-time
information for advanced route planning and mitigation strategies during disruptions. LL3 focuses on
advanced route planning and real-time mitigation strategies to minimize inefficiencies and
disruptions, reducing operational costs. By optimizing routes and reducing waiting times, LL3
contributes to the reduction of carbon emissions associated with inland shipping, aligning with
sustainability goals. Improving waterway transport efficiency makes it a more attractive alternative
to road and rail, supporting the much-needed modal shift in transportation. LL3 integrates digital
tools, data exchange, and smart algorithms to bridge the technological gap and modernize the inland
shipping sector.

LL3 will develop and integrate a Planning and Mitigation Module, allowing users to plan inland
waterway transport and respond in real-time to disruptions. The module utilizes historical data and a
sophisticated algorithm to offer mitigation strategies, enhancing users' ability to address disruptions
promptly. The platform integrates relevant data about waterways in the Netherlands, Belgium, France,
Germany, and Austria, combining static and dynamic information about traffic to provide reliable
information about mooring occupancy and waiting times at locks. LL3's goal is to enrich the Blue
Wave platform, known for its multimodal capabilities, by introducing the Planning and Mitigation
Module. The Blue Wave platform encourages modal shifts and facilitates direct interaction between
shippers and barges.
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5.2 Predicted impacts, mitigations, Directives

Improving navigation planning in inland waterways can have significant environmental effects. It can
lead to reduced energy consumption and greenhouse gas emissions by optimizing transport routes
and operational navigation conditions (Szaruga & Zatoga, 2022). Additionally, it can contribute to the
resilience of inland river systems, providing ecological benefits and ensuring sustainable waterway
management (Chambers & Echevarria-Doyle, 2021). Furthermore, strategic and planned development
of water transport infrastructure can lead to the most cost-effective and environmentally friendly
mode of transportation, minimizing environmental pollution (Luburi¢ et al., 2020). By enhancing
information, infrastructure, and institutions, inland waterway operations can be improved, leading to
a more sustainable and environmentally friendly transportation system (Lambert, 2010).

Enhanced navigation planning can optimize routes and reduce unnecessary detours, resulting in fuel
savings for vessels. This leads to a decrease in greenhouse gas emissions, contributing to air quality
improvement and climate change mitigation. Improved navigation planning can decrease the
likelihood of accidents, collisions, and groundings. This reduction in incidents lowers the risk of spills
or leaks of hazardous materials, thereby protecting water quality and ecosystems. Efficient planning
ensures better use of existing waterway infrastructure, reducing the necessity for new construction
or dredging. This minimizes the environmental impact associated with altering natural watercourse
configurations. Enforcing speed limits for vessels can minimize wakes and reduce the potential for
shoreline erosion and habitat disruption. It also contributes to noise reduction. Raising awareness
among stakeholders, including vessel operators and the public, about the potential environmental
impacts of navigation improvements can promote responsible behavior and adherence to
regulations.

Several EU Directives are involved in LL3. The most relevant directives are the WFD and the Ambient
Air Quality Directive.

Table 8: Directives involved in LL3.
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Directives and ES are described in detail in D1.6 and D1.7. For LL3, the indicators recommended are
presented in Table 9 and Table 10.

Table 9: Directives and indlicators as per definition in the Directives.
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Directive Directive indicator
Water Framework Ecological status/potential
Ambient Air Quality Pollutants concentration

Table 10: Suggested ecosystems services and MARS indicator. In red the indicators overlapping with the Directive
indicators.

ES ES indicator

Water for drinking purposes Water consumption for drinking

Water for non-drinking purposes Water use per sector

Air quality Pollutants concentration

Maintaining population Ecological status, biodiversity value (from Birds Directive)
Carbon sequestration Carbon sequestration

Recreation and tourism Number of fishing license, bathing areas

6 LL4

LL4 aims to develop an innovative barge currently referred to as the X-barge. ZULU Associates, a
proactive initiator, developer and operator in the marine segment of inland water (IW) logistic chains,
will spearhead the development and navigation of the X-barge. The route spans from Ghent, Belgium,
to Duisburg, Germany, traversing waterways managed by IW authorities across three countries, with
the participation of the Central Commission for Navigation on the Rhine (CCNR), ports, and terminals.

One of the objectives of LL4 is to evaluate the performance of the X-barge under various
climatological conditions, encompassing scenarios such as low water levels and adverse weather
conditions. This assessment aims to gauge the barge's impact on climate-related factors, including
emission reductions (such as CO2 and NOx) and its influence on modal shift—i.e., a shift between
different transportation modes.

6.1 Predicted impacts, mitigations, Directives

The barge is still under development, and therefore it is currently only possible to predict possible
environmental impacts on the basis of expert judgement. An inland waterway barge designed to
navigate at low water levels and reduce emissions can have several positive environmental impacts.
The primary environmental benefit is the reduction of emissions, including greenhouse gases (such
as C0O2) and nitrogen oxides (NOx) contributing to mitigate climate change, as reducing greenhouse
gas emissions is crucial for minimizing the industry's carbon footprint.

Barges capable of navigating at lower water levels can continue operations even during periods of
reduced water levels. This minimizes disruptions to transportation services and supports more
reliable supply chains. The ability to navigate at low water levels allows for better utilization of water
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resources, maximizing the efficiency of inland waterways and reducing the environmental impact
associated with fluctuations in water levels. Inland waterway transport is generally considered a more
sustainable mode compared to road and rail. Barges with low water level navigation capabilities can
contribute to a modal shift, encouraging the use of environmentally friendly transportation modes. By
providing an efficient alternative to other transport modes, such barges help reduce road and rail
congestion, resulting in lower associated emissions and environmental impacts.

Several EU Directives are involved in LL4. The most relevant directives are the WFD and the Ambient
Air Quality Directive.

Table 11: Directives involved in LL4

L (+) - (+) (+) + o+ (+) (+) () () ) + )

ES and Directives are described in detail in D1.6 and D1.7. For LL4, the indicators recommended are
presented in Table 12 and Table 13.

Table 12: Directives and indlicators as per definition in the Directives.

Directive  Directiveindicator

Water Framework Ecological status/potential
Ambient Air Quality Pollutants concentration

Table 13: Suggested ecosystems services and MARS indicator. In red the indicators overlapping with the Directive
indlicators.

Air quality Pollutants concentration

Maintaining population Ecological status, biodiversity value (from Birds Directive)
Carbon sequestration Carbon sequestration

Recreation and tourism Number of fishing license, bathing areas
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7 Conclusions and recommendations

In this deliverable we have described expected impacts and the EU environmental Directives we
expect should be considered in each living lab, and we have presented some of the possible mitigation
measures.

For LL1, the following steps should be taken:

e Continue testing and implementing low/zero-emission and autonomous barges could
minimize emissions in freight transportation.

e Further develop and refine the Smart Terminal concept may ensure seamless integration of
autonomous barges, remote-controlled systems, and drone-based inspections.

e Strengthen collaboration between stakeholders to enhance synchromodal logistics
arrangements and optimize operational efficiency and additional applications for
autonomous barges, such as their role as "floating batteries" for off-grid power supply during
emergencies, also contributes to reach environmental targets.

In summary, the Smart Terminal and related technologies showcase promising potential for
enhancing efficiency and resilience in freight transportation. Continued investment in infrastructure
and technology is crucial for the successful deployment of synchromodal logistics arrangements.
The autonomous barge concept, combined with real-time information and collaboration, aligns with
the goals of a sustainable and efficient supply chain.

For LL2, the following steps should be taken:

e Ensure the successful implementation of the digital twin to improve emergency preparedness
and navigation efficiency.

e Strengthen the adoption of smart contracts and blockchain technology contribute to prevent
illegal wastewater discharge and promote ecological responsibility.

e Foster collaboration among stakeholders helps to address challenges related to extreme
weather events and illicit wastewater discharge.

e Regularly update and enhance the digital twin technology incorporating the latest
advancements in real-time data analysis contributes to keep the proposed solution at the
state-of-the-art level.

In summary, the digital twin and blockchain technologies offer innovative solutions for addressing
challenges associated with extreme weather events and wastewater discharge, and continued efforts
in leveraging technology can contribute to safer navigation and environmental protection in inland
waterways. The successful implementation of these use cases can set new standards for waterway
management and environmental conservation.

In LL3, the following steps should be taken:
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e implementation and optimizing of the planning and mitigation module to contribute to
advanced route planning and real-time disruption response.

e Enhance data integration and user interaction within the Blue Wave platform to aid and
encourage modal shifts and improve efficiency.

In summary, stakeholders should be made aware about the environmental benefits of improved
navigation planning in inland waterways. The collaboration with relevant authorities and
organizations may ensure the platform's effectiveness in addressing disruptions and reducing
operational costs. The Planning and Mitigation Module demonstrates potential for minimizing
inefficiencies, reducing operational costs, and contributing to sustainability. Its continued
development and the integration of digital tools and algorithms are essential for keep the inland
shipping sector updated.

For LL4, the following steps should be taken:

e Continue evaluating the X-barge's performance under various climatological conditions could
ensure reliability.

e Explore partnerships with environmental monitoring organizations could contribute to assess
the barge's impact on climate-related factors and align the X-barge's capabilities with
environmental regulations and sustainability goals.

e Develop communication strategies helps to raise awareness about the potential
environmental benefits of barges designed for low water levels and reduced emissions.

In summary, the X-barge's focus on low water levels and emission reduction aligns with climate
change mitigation goals. Ongoing evaluation and testing are crucial for verifying the barge's
environmental impact and supporting modal shifts towards more sustainable transportation modes.
Collaboration with regulatory bodies and environmental organizations may be essential for ensuring
compliance with environmental directives.
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