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Inland waterways are important for the transportation of 
goods and passengers. A significant contributor to economic 
development, emissions from vessels using these waterways 
are contributing to climate change, pollution, and other issues. 
Ambitious policies to reduce greenhouse gas, SOx, and NOx 
emissions, require sweeping changes in propulsion and fuel 
technology. Hydrogen and electricity are recognised as 
pathways for vessel decarbonisation; however, 
mismanagement of production may increase overall lifecycle 
emissions. This study identifies appropriate alternative fuel 
technologies for inland vessels to mitigate climate change and 
deliver emission reduction over the fuel lifecycle. A 
comparative Life Cycle Assessment (LCA) was performed on 
marine gas oil (MGO), hydrogen, and electrical propulsion 
systems, with multiple production pathways for an inland 
sightseeing barge operating across northwest Europe. 

The environmental performance of the systems in this work is 
evaluated using the LCA approach. The LCA method is defined 
in the International Organisation for Standardisation (ISO) 
14040 serious and carried out in four steps:1. Goal and Scope 
Definition, 2. Inventory Analysis, 3.Environmental Impact 
Analysis and  4.Interpretation. Therefore, overall life cycle 
impacts of the systems in this work are investigated from 
“Well-to-Water”(WTW), including the well-to-tank (WTT) 
phase and Tank-to-Water (TTW) phase.  

Figure 1. System boundary for the LCA 

The vessels and propulsion systems tested in the study are 
designed based on the operational sightseeing barge, MV 
Natalia, fitted with a hybrid PV/diesel/battery propulsion 
system. The ship is designed to carry up to 50 passengers, with 
the designed top speed of 8.5 knots (15.7 km/h). For the 
purpose of determining the environmental benefits of hybrid 
PV/diesel/battery systems and hydrogen system, the diesel 
system and hydrogen based fuel cell (FC) systems are 
hypothetically applied to the case ship. The diesel-mechanical 
(DM) system and hydrogen based fuel cell system in the case 
study are modelling based on the operational systems 
equipped on similar ships, considering the characteristics of 
the ship being tested including, total power required for 
propulsion and hotel services, sailing route and destination, 
bunkering infrastructure available, and working mode. 

 Figure 2. Schematic of the fuel cell system for propulsion the sightseeing barge 

Figure 3. Schematic of the hybrid PV/diesel/battery system for propulsion the 
sightseeing barge 

The results strongly support the initial hypothesis that the use 
of the battery-powered hybrid system and hydrogen-based fuel 
cell system may reduce GHG emissions from the operational 
phase compared with conventional diesel propulsion systems. 
The environmental effects of the diesel/electric hybrid system 
and fuel cell system are clear when compared with the diesel 
engine. The vessel has achieves net-zero carbon emission when 
powered by battery or hydrogen fuel. 

Figure 4. The global warming potential (GWP) results, divided on the contributing 
environmental flows for MGO, hybrid, hydrogen (SMR), and hydrogen (WP AEL) 

Concerning the lifecycle results, the hydrogen produced by 
wind power based electrolysis reduces life-cycle GHG emissions 
by 85.7% ranks as the best method in lifecycle GHG emission 
reduction and followed by the hybrid system reduces emissions 
by 56.2%. However, a special attention should be paid to the 
emissions in well-to-tank’ (WTT) phase. Unlike fossil fuels, 
hydrogen and electricity can be produced can be produced 
from a wide variety of processes, with the lifecycle GHG 
emissions depending heavily on these energy sources and 
production methods. The GWP ranking in this work 
demonstrates the best performance of hydrogen is achieved 
from the wind-power Alkaline water electrolysis (AEL) pathway 
and the worst case from the SMR pathway.  

Three hypothetical scenarios of electricity grid mixes have been 
tested to identify the potential influence of power origin on the 
total environmental impact of a hybrid ship using battery as 
prime mover. SA1 refers to the global electricity grid mix in year 
2018 [1]; SA2 represents the UK electricity mix in 2035 under 
the “2 degree” clean electricity generation transition scenarios, 
while the SA3 corresponds to the UK electricity mix in 2050 [2].  
In the analysis, with a transition to 79.5% renewables in 2035, 
savings of 82.2% lifecycle GHG emissions are possible.  

Figure 6. Impact of sensitivity assumptions on GHG emissions 

 A hydrogen-fuelled ship, with a fuel cell system and only consume 
hydrogen from wind power-based AEL supply chain, is indicated as the 
most environmentally friendly option. Switching to this option resulted 
in a reduction of around 85.7% in GWP and 43.5% in AP than the 
conventional diesel system powered by MGO. However, it should be 
highlighted that most of the emissions of the hydrogen case are 
released from the fuel production process.  

 Natural gas is currently the most common source used for hydrogen 
production. Hydrogen from the SMR pathway accounts for over 80% of 
annual global hydrogen production. Consuming SMR hydrogen with fuel 
cell system has no operational emissions, but it is not a low GHG 
emission fuel. An increase of up to 6.3% GWP associated with SMR 
hydrogen has been against the MGO based case if without CCS in 
hydrogen production process.  

 The land-based electricity-powered ship has been recognised as the 
most promising and available option for inland water ship 
decarbonisation in the countries which renewables have a high share in 
overall electricity generation. The hybrid PV/diesel/battery system 
configuration resulted in around 56.2% lower GWP than the 
conventional diesel system. 
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Figure 5. The acidification potential (AP) results, divided on the contributing 
environmental flows for MGO, hybrid, hydrogen (SMR), and hydrogen (WP AEL) 

Bibliography 

[1] IEA. Explore energy data by category, indicator, country or 
region, 2020.  
[2] Raugei, M.; Kamran, M.; Hutchinson, A. A Prospective Net 
Energy and EnvironmentalLife-Cycle Assessment of the UK 
Electricity Grid. Energies 2020, 13(9), 2207. 

Even though no GHG emissions released from the operation 
phase in both hydrogen cases, the life cycle GWP result of 
hydrogen from the steam methane reforming (SMR) pathway is 
4.49 kg CO2/km, and which is 6.3% higher than the MGO base 
case. Under the AP indicator, the potential impact on 
acidification investigated follows the same trend as GWP.  


