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Abstract 
In the European research project PROMINENT several concepts for emission reduction in inland 
waterway transport (IWT) are studied and demonstrated. One of the activities is the assessment of 
the costs and benefits of these concepts, i.e. the application of LNG as an alternative fuel for 
inland vessels.  
 
LNG configurations 
Three LNG engine configurations are included in this analysis: 

- Mono-fuel engines; 
- Dual fuel engines; 
- Dual fuel refit engines. 

For each of them, the costs are calculated for the installation with a tank above deck (on newly-
built vessels) and with a tank under deck (on existing vessels). 
 
Costs 
The investment costs per vessel type are determined by the aggregated cost estimations of a panel 
of experts within the Breakthrough LNG Deployment in IWT project. These costs are the additional 
costs compared to the installation of a regular engine on gasoil. The investment costs are split in 
four cost components: 

- Engine; 
- Tank; 
- Tank connection space; 
- Installation costs, for installation above deck and under deck. 

Not included in the cost estimations of this analysis are the (possible) additional repair and 
maintenance costs. 
 
Benefits 
For the benefits, the price advantage of LNG compared to diesel has been used. For this, the price 
advantage scenarios are determined in the Quantitative analysis LNG potential West-European IWT 
fleet, based on the World Energy Outlook 2015. For this, four scenarios are used: 

- ‘Low oil price’:  Price difference LNG-Gasoil: € 0.05 
- ‘450 scenario’:   Price difference LNG-Gasoil: € 0.17 
- ‘New policies’:  Price difference LNG-Gasoil: € 0.27 
- ‘Current policies’:  Price difference LNG-Gasoil: € 0.35 

 
Vessel types and representative journeys 
Included in the analysis are eleven vessel types with a maximum payload of above 2,500 tonnes and 
an average annual fuel consumption of at least 300 m3. The same amounts for the representative 
journeys, resulting in the assessment of thirteen Rhine journeys and ten Danube journeys. 
 
Financial indicators 
For each of these vessel types, representative journey, for each of the (relevant) scenarios a couple 
of financial indicators were calculated, amongst others: 

- Payback period: Period in which the investment costs can be earned back with the cost 
advantage of LNG. For the vessel types is also calculated what the fuel consumption should 
be to earn back the investment in twelve years.  

- Net Present Value: Discounted value of future cash flows less initial investments; 
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- Internal Rate of Return: Interest rate that equates the present value of future cash flows to 
the current outlay. 

 
Results 
This resulted in the additional investment costs for applying these configurations in the considered 
vessel types: 

- Mono-fuel:  Between € 1.8 million (€ 2 million under deck) and € 3.2 million 
- Dual-fuel:  Between € 1.4 million (€ 1.6 million under deck) and € 2.2 million 
- Dual-fuel refit: Between € 1.3 million (€ 1.4 million under deck) and € 1.6 million (€ 1.8 

million under deck) 
 
This resulted in an annual fuel cost reduction for the vessel types with their average fuel 
consumption in a range of: 
- Scenario € 0.05: € 15,357 and € 116,132 
- Scenario € 0.17: € 52,215 and € 394,849 
- Scenario € 0.27: € 82,929 and € 627,114 
- Scenario € 0.35: € 107,501 and € 812,925 
 
And for the representative journeys in a range of: 

- Scenario € 0.05: € 15,529 and € 196,973  
- Scenario € 0.17: € 52,798 and € 669,707 
- Scenario € 0.27: € 83,855 and € 1,063,653 
- Scenario € 0.35: € 108,701 and € 1,373,809 
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Introduction 
PROMINENT 
The activities within the European research project PROMINENT (Promotion of Innovation in Inland 
Waterway Transport) are focussed on the development of standardised concepts for reducing 
emissions in a main share of the European inland fleet. With these activities, it is aimed that in 
2020 these concepts will be applicable to at least 70% of the European inland fleet and that the 
implementation costs of these concepts will be reduced by 30%. The standardisation of these 
concepts is the main focus of WP2 of this project with a close interaction with the pilots performed 
in WP5 and resulting in the roll-out of these technologies in WP6.  
 

Identification of fleet families and operational profiles 
In SWP 1.1 of this project a study was performed to gain insight into the composition of the 
European inland waterway fleet and the operational use of these vessels. This resulted in a macro 
model of the European fleet with 12,263 vessels, a categorisation of these in groups of comparable 
vessels (‘fleet families’) and a selection of 60 representative journeys on the different European 
waterways. For most of the representative IWT journeys the operational profiles (providing a power 
distribution over time) were elaborated.  
 

Best available technologies 
In SWP 1.2 of this project best available technologies were identified. To assess the applicability 
and feasibility of these best available technologies and the further development of concepts for 
mass implementation, an understanding of the fleet and how this fleet is used is essential. As there 
are major variations between the different vessel types and the operational use (in e.g. power, fuel 
consumption), different technologies can be beneficial for different parts of the fleet. One of these 
concepts is the application of LNG as an alternative fuel for the propulsion of inland vessels.  
 

Advanced concepts for mass introduction 
In WP2 of this project the development of advanced concepts for mass introduction has been 
targeted, these concepts are LNG, diesel after-treatment, energy-efficient navigation, right-sizing 
and hybrid configuration. For the first three concepts pilot projects are and will be performed, with 
in WP2 the definition of the pilot test specifications and an ex-post analysis of the costs and 
benefits. The activities for right-sizing and hybrid configurations are focussed on the development 
of a mathematical model for standardised engine configurations. For these configurations, analyses 
of the costs and benefits are performed.    
  

LNG as an alternative fuel 
One of the concepts studied in WP2 is the use of LNG as an alternative fuel for the propulsion of 
inland vessels. In the D1.2 report, it was concluded that LNG is mainly an opportunity for large 
vessels with a high annual fuel consumption. Currently, seven inland vessels are equipped with LNG 
configurations. The activities will focus on the development of affordable solutions, resulting in LNG 
engines complying with the emission limits set by the new NRMM Stage V legislation.   
 

Roll-out 
The aim of the PROMINENT project is not only to develop and demonstrate the advanced concepts, 
but also to roll-out these concepts to achieve the mass introduction. Building further on the 
activities in WP2 and the pilots, and evaluating the outcomes of these, the roll-out of these 
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concepts will be the aim of WP6 of this project. This will be done by cost/benefit analyses of the 
use and application of these concepts and will result in the I-STEER app, which will provide end-
users with an advice on the costs and benefits for the application of the concepts on their own 
vessels.  
 

Ex-ante cost/benefit analysis 
As basis for this roll-out, in WP2 ex-ante cost/benefit analyses are elaborated for the studied 
concepts. These possible costs and benefits of each of the concepts are assessed based on the fleet 
families and operational profiles and their results on e.g. installed power, sailing hours and (annual) 
fuel consumption. 
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1.  LNG configurations and cost studies  

1.1 Introduction into the LNG configurations 
Liquefied natural gas (LNG) is a natural gas, liquefied by cooling natural gas to approximately 
−162 °C and stored in cryogenic tanks. LNG takes up about six hundred times less the volume of 
natural gas in the gaseous state or about 2.5 times less volume than CNG. Inland waterway vessels 
have a variety of engine configurations on board, this being partly determined by the size of the 
vessel, the route and the distribution of the engine's part load and full load periods. LNG power 
offers a number of engine configurations for inland waterway vessels. There are as many engine 
configurations for LNG as there are suppliers and manufacturers of them. In this report, three main 
categories of engine configurations are used, which have been derived from the ‘Breakthrough LNG 
Deployment in Inland Waterway Transport’ project. (Karaarslan, 2017)  
 

Mono-fuel engines 
This type of engine uses gas as a single fuel and is commonly used in a gas-electric configuration. 
This configuration consists of e-engines, gas generator sets and frequency controllers, which is a 
more extensive and complicated configuration than dual-fuel engines. This type of configuration is 
currently used in three inland vessels. 
 

Dual-fuel engines  
Dual-fuel engines use LNG in combination with diesel. In this configuration the engine can fully run 
on diesel, but the objective is to use LNG with diesel only necessary for ignition. It’s also able to 
use diesel as a redundancy in challenging conditions. The common fuel mix can differ between the 
engine configurations. The dual-fuel engines of Wärtsilä use a mix of 95-99% LNG and 1-5% diesel. 
Besides the Wärtsilä engines, there are also dual-fuel engine configurations from other suppliers 
available. 
 

Dual-fuel refit engines 
This engine configuration is a refit package for Caterpillar 3500 engines with a fuel mix of 98% LNG 
and 2% diesel claimed by the supplier. This configuration is provided by one supplier and currently 
not yet used on board of an inland vessel.  
 
Next to the engine, the LNG configurations consist of several other components: 

Tank 
A cryogenic tank is needed to store the fuel under the right (temperature) conditions. The average 
size of a standard tank for the use on inland vessels is at least 40 m3. Currently, tanks on the LNG-
powered inland vessels have a content of around 60 m3, because of the lack of LNG bunkering 
infrastructure. In the analysis, the sufficient availability of LNG bunkering infrastructure is assumed 
(as it is in development in e.g. the ‘Breakthrough LNG Deployment in Inland Waterway Transport’ 
project), and therefore the installation of a tank of 40 m3. 
 

Tank connection space 
The tank connection space is the space surrounding the tank connections. This space includes 
vaporisers and valves and forms a part of the fuel gas supply system. 
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Installation 
The installation of the whole configuration is the last major cost component, especially due to the 
piping between bunker connection, TCS and engine. Also included in this is the placing of the tank, 
which can be installed under and above deck. For the installation of the tank under deck on existing 
vessels, (extra) welding and cutting activities are needed to get the required space for placing a 
tank. 

1.2 Former cost studies for LNG 
Until present, there has been some work done on the analysis of the feasibility of LNG as alternative 
fuel. The outcomes of these studies are used in this assessment.  
 

Contribution to Impact Assessment of Measures for Reducing Emissions of Inland Navigation 
In the study Contribution to Impact Assessment of Measures for Reducing Emissions of Inland 
Navigation, commissioned by the European Commission - DG MOVE and performed by Panteia, et al. 
(2013), several scenarios for new emission standards for IWT were assessed. In the case of LNG, the 
net present value (NPV) for the application of LNG for seven vessel types, using three scenarios 
(10%, 20% and 30% price difference between LNG and diesel) were assesed. In the worst case (10% 
price difference), there was a negative NPV for all vessel types. In the best case a positive NPV was 
shown for all vessel types, except the 67 metre motor vessel. For the baseline scenario, motor 
vessels of 110 metres and above and push boats had positive NPVs. In this scenario, the NPV for a 
push boat with an installed power above 2,000 kW is around € 2.8 million.  
 

LNG Masterplan 
In LNG Masterplan, a project co-financed by the TEN-T programme, one of the activities was 
focussed on the elaboration of financing models for terminal infrastructure and vessel investment. 
This resulted in the design of a Total Cost-of-Ownership Model, a decision tool for the private 
(business case) as well as the public funding (in economic and societal effects with the inclusion of 
the emissions). The total cost of ownership of an LNG dual fuel refit is compared to the 
conventional (gasoil) configuration. With this model three user groups were targeted, the ship-
owning companies, policy-makers and banks. Furthermore, recommendations were made for the 
financing solutions for these LNG vessels. 
 

Quantitative analysis LNG potential West-European IWT fleet 
In this quantitative analysis, executed by STC-NESTRA in cooperation with EICB (2016) for the Dutch 
ministry of Infrastructure and the Environment, the potential of LNG for the West-European fleet 
was explored. This analysis used four scenarios for the difference of the LNG price compared to the 
price of regular gasoil. These scenarios are mentioned in section 2.3.2 and are also used in this ex-
ante cost/benefit analysis. Assuming a maximum payback period of twelve years, it calculated the 
number of vessels with a positive NPV for the use of LNG. In this analysis, 3,627 vessels, consisting 
of the self-propelled vessels of 80 metres and above, the push boats and the coupled convoys, have 
been taken into account. The analysis was made on the level of individual vessels with their specific 
fuel consumption instead of focussing on average fuel consumption per vessel type. In the worst 
case scenario, LNG was only feasible for six vessels. In the best case scenario, 1,935 had a positive 
NPV, which is 27% of the whole fleet (also including the vessel types not taken into account) and 
these vessels account for 62% of the total fuel consumption.  
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Breakthrough LNG Deployment in Inland Waterway Transport 
The execution of an ex-ante cost/benefit analysis is also part of the Breakthrough LNG Deployment 
in Inland Waterway Transport project. This project includes several LNG studies and the 
demonstration of six LNG vessels and four LNG bunkering stations. In the ex-ante cost/benefit 
analysis, the vessel types from PROMINENT were used and for nine (most relevant) vessel types the 
costs and benefits were assessed. The investment costs were determined by aggregating the 
outcomes of input from the experts involved in this project. For the price difference scenarios, the 
‘Quantitative analysis LNG potential West-European IWT fleet’ were used.    
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2. Methodology used in ex-ante cost/benefit analysis 

2.1 Introduction 
As part of the work on the ‘advanced concepts for mass introduction’, for each of these concepts a 
cost/benefit analysis is conducted. For SCR+DPF and energy-efficient navigation, similar studies 
were performed and published in November 2015. 1 The methodology used in the analysis on the 
costs and benefits of LNG will follow the methodologies used also in these other cost/benefit 
analyses on the calculation of general costs.  
 
The general structure of the cost calculations are based on the results of PROMINENT WP 1.1 as 
presented in the D1.1 report. For the distinguished fleet families and their representative vessels 
the average cost structure has been defined in detail based on the current situation. Based on the 
cost structure of the vessel2, a ‘base line’ cost estimation for the costs of transport has been made 
for various representative journeys taking into account the specific operational profile for the 
journeys3.  
 
By means of adapting the cost parameters for the vessels and the journeys, the economic 
performance is estimated in case of application of LNG. The investment costs are based on three 
different engine configurations and each of them with two places for the tank (under and above 
deck) and the benefits are based on the reduction of fuel costs, using four scenarios.  
 
The range of different typical vessel types (representative for the fleet family) and the 
representative journeys present an overview of the various situations and the bandwidth that can 
be seen as regards the economic performance. The result of the cost/benefit analyses is therefore 
quite different for the different operating conditions and vessels. 

2.2 Vessel types and representative journeys 
The costs are defined at the level of vessel types and for (the costs of) fuel consumption per 
representative journey. The following vessel types and journeys have been taken into account. 

2.2.1  Vessel types, average in Europe according to fleet families 
The division of fleet families is the outcome of the D1.1 report. Added to these fleet families are 
the Danube barges, which were categorised in the D1.1 report under the broader groups of push 
boats. The figures of the Danube barges are determined based on input from Pro Danube, viadonau 
and NAVROM in the process of the analysis of the costs and benefits of energy-efficient navigation. 
The remaining vessel types are in line with the RWS 2010 vessel categories, based on the length of 
the vessel. The only exceptions are the push boats, which are categorised based on the installed 
engine power and the number or configuration of the barges.   
 
 

                                                 
1 These reports are included in the list of references of this report and available for download on www.prominent-iwt.eu  
2 The general costs structures have been based on Rijkswaterstaat May 2015 Excel file which describes in detail the cost 
structure for Western European vessels, see the following link: http://www.rws.nl/zakelijk/werken-aan-
infrastructuur/steunpunt-economische-expertise/kengetallen/overige-documenten/index.aspx  
As regards the vessels on Danube, the cost structure was derived from the European research project “ECCONET” and were 
subsequently validated by the project partners Navrom, ProDanube and viadonau. 
3 Note: the representative journeys have been taken into account for which the operational profile was made available by 
DST. For some journeys specified in SWP 1.1, the profile could not be made available due to missing information on the 
waterway characteristics  

http://www.prominent-iwt.eu/
http://www.rws.nl/zakelijk/werken-aan-infrastructuur/steunpunt-economische-expertise/kengetallen/overige-documenten/index.aspx
http://www.rws.nl/zakelijk/werken-aan-infrastructuur/steunpunt-economische-expertise/kengetallen/overige-documenten/index.aspx
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Fleet family Vessel type  Length 

(m) 

Width 

(m) 

Draught 

(m) 

Max pay-

load (t) 

Operational 

hours/year  

# en-

gines 

Installed 

kW  

Fuel cons. 

(M3)  

Passenger 

vessels 

(hotel/cruise) 

PAX 135m 135  11.5  2.0  - 4318 2.0 1492 433 

Push boats 

<500 kW 

PB <500 kW 

B04 

85  8.2  2.7  1250  3360 1.0 400 82 

Push boats 500-

2000 kW 

PushB2L 500-

2000kW 

190  11.4  3.0  5000 / 

352 TEU  

8064 2.0 1249 141 

Push boats 500-

2000 kW 

PushBII-1, 

500-2000kW 

130  11.4  6.0  2800  4313 2.0 1249 178 

Push boats 

>=2000 kW 

Push B4 > 

2000 kW 

190  22.8  4.0  11200  8064 3.0 4080 1094 

Push B6 > 

2000 kW 

270  22.8  4.0  16800  8064 3.0 4080 2323 

Motor vessel 

dry cargo 

>=110m length 

MVS 110m 110  11.4  3.5  3043  4318 1.0 1527 307 

MVS 135m 135  11.4  3.3  3300 / 

268 TEU 

7898 2.0 1492 472 

Motor vessel 

liquid cargo 

>=110m length 

MTS 110m 110  11.4  3.5  2908  4318 1.1 1550 355 

MTS 135m 

(M11) 

135  11.4  4.0  4290 

(5320 m3)  

7898 2.0 2347 352 

MTS 135M 

(M12) 

135  17.0  3.8  6228  7898 2.0 2370 352 

Motor vessel 

dry cargo 80-

109m length 

MVS 80m 80  8.2  2.7  1250  3499 1.0 700 111 

MVS 86m 86  9.5  2.9  1522  3971 1.1 756 155 

MVS 105m 105  9.5  3.0  2050  4013 1.1 1286 311 

Motor vessel 

liquid cargo 80-

109m length 

MTS 86m 86  9.5  3.2  1680 

(1918m3)  

3971 1.0 1210 272 

Motor vessels 

<80 m. length 

MVS 67m 67  8.2  2.7  985  3778 1.2 445 81 

MVS 55m 55  7.2  2.6  653  3874 1.0 319 48 

MVS 50m 50  6.6  2.6  650  3830 1.0 300 34 

MVS 38,5m 39  5.1  2.5  400  3265 1.0 220 23 

Coupled 

convoys  

C3L/B  110 + 

80  

11.4  3.4  5500  8064 2.0 2351 551 

Danube barges Push Barge, 4 

units, Danube 

178  22.8  2.7  6400  8064 2.0 2000 1533 

Push Barge, 

8/9 units, 

Danube 

267  33.0  2.9  17400  8064 2.0 2000 1252 

Table 1: Overview of vessel types with (average) operational hours, installed power and annual fuel consumption (black: 
vessel types included in this assessment – red: vessel types excluded from this assessment) 

In Table 1, a selection is made in vessel types included in and excluded from the assessment. 
Included in the assessment are vessels with a maximum payload of at least 2,500 tonnes – only for 
the cargo vessels - and an average fuel consumption of 300 m3. In this selection are the larger push 
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boats, the coupled convoys, the self-propelled motor vessels of 110 metres and above and the 
passenger vessels.  

2.2.2  Representative journeys 
For each of the representative journeys annual fuel consumption were calculated based on the 
operational profiles, elaborated by DST in the D1.1 report, multiplied by a constant fuel 
consumption (0.22 kg/kWh) and the number of trips performed in a year.  
Trip 
No.  

Port A Port B Type Vessel 
type 

Payload 
per trip (t) 

Fuel 
consumption per 
year (M3) 

1  Rotterdam Duisburg Dry bulk Push B4 11,200  3,939  
2  Rotterdam Antwerp Container C3L/B 4,420    531  
3  Rotterdam Karlsruhe Liquid Bulk MTS 135m 2,917  1,176  
4  Amsterdam Karlsruhe Dry bulk C3L/B 3,795  1,190  
5  Rotterdam Basel Container C3L/B 4,607  879  
7  Amsterdam Antwerp Container C3L/B 4,420  645  
9  Amsterdam Rotterdam Liquid Bulk MTS 135m 4,750  1,443  
10  Antwerp  Mainz Container MVS 135m 3,179  733  
12  Antwerp  Duisburg Container C3L/B 6,375  980  
13  Rotterdam Duisburg Container MVS 110m 2,465  311  
14  Rotterdam Ludwigshafen Liquid Bulk MTS 86m 1,210  240  
16  Rotterdam Strassbourg Dry Bulk MVS110m 2,039  432  
18  Duisburg Antwerp General cargo MVS 110m 2,039  643  
22  Rotterdam Herne Dry Bulk MVS 86m 1,096  184  
23  Dusseldorf Antwerp Dry Bulk MVS 110m 2,039  565  
25  Rotterdam Duisburg Dry bulk MVS 86m 1,237  265  

Table 2: Overview of representative journeys in the Rhine / ARA area with (average) payload per trip and annual fuel 
consumption (black: representative journeys included in this assessment – red: representative journeys excluded from this 
assessment) 
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Trip 
No.  

Port A Port B Type Vessel 
type 

Payload (t) Fuel 
consumption per 
year (M3) 

1  Bor district Constanza Dry bulk Push 8/9 9,000  1,555 
2  Bor district Constanza Liquid Bulk Push 8/9 9,000  1,555 
3  Constanza Dunaújváros Dry bulk Push 8/9 9,000  1,391 
4  Giurgiu Constanza Dry bulk Push 8/9 9,000  954 
5  Calafat Constanza Dry bulk Push 8/9 9,000  1,557 
6  Bratislava Linz Dry bulk Push 4 4,400  1,533 
7  Calafat Constanza Dry bulk Push 8/9 9,000  1,557 
8  Constanza Dunaújváros Dry bulk Push 8/9 9,000  1,391 
9  Giurgiu Constanza Dry bulk Push 8/9 9,000  954 
10  Giurgiu Constanza Dry bulk Push 8/9 9,000  954 

Table 3: Overview of representative journeys on the Danube with (average) payload per trip and annual fuel consumption 
(all included in this assessment) 

Trip 
No.  

Port A Port B Type Vessel 
type 

Payload (t) Fuel 
consumption per 
year (M3) 

7  Rotterdam Hannover Dry Bulk MVS 86m 1,096  200  
8  Duisburg Wolfsburg General goods MVS 86m 1,096  125  
16  Rotterdam Oldenburg Dry Bulk MVS 80m 910  102  
17  Rotterdam Lingen Liquid Bulk MTS 86m 1,039  176  

Table 4: Overview of representative journeys on the other waterways with (average) payload per trip and annual fuel 
consumption (all excluded from this assessment) 

Trip 
No.  

Waterway Port A Port B Vessel type Fuel consumption per 
year (M3) 

1  ARA/Rhine Amsterdam Basel PAX 135m 243  
3  Danube Passau Budapest PAX 135m 189  

Table 5: Overview of representative passenger journeys with (average) annual fuel consumption (both excluded from this 
assessment) 

For the representative journeys, the same selection has been made as for the vessel types, vessels 
with an average annual fuel consumption of at least 300 m3 and – for the cargo vessels – a maximum 
payload of 2,500 tonnes and above.  

2.3 LNG cost calculations 
In the cost calculations of the application of LNG, there will be general / capital cost calculations. 
Investment costs, as described under section 2.3.1, the price advantage for the fuel consumption, 
as described under section 2.3.2. With this information, the financial indicators are calculated, as 
described under section 2.3.3.  

2.3.1 Investment costs of LNG configurations 
The investment costs are based on the ex-ante cost benefit analysis in the Breakthrough LNG 
Deployment in Inland Waterway Transport project (Karaarslan, 2017). The costs are estimated after 
consulting the experts that are involved in that project. 4 The costs were given based on their 

                                                 
4 These experts are mentioned in Karaarslan (2016), section 8.2 (p. 28) 
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expert opinion and based on available concepts. These available concepts can differ from the 
outcomes of the fleet analysis, for example on the installed power.  
 
The investment costs are mainly determined by the sort of LNG configuration. These costs are 
determined by the costs for the three major components: 

- Engine; 
- Tank (including its appendices); 
- Tank connection space;  
- Installation costs 

 
Important to notice is that the investment costs given in this analyses are the additional costs of the 
application of LNG compared to the application of a common diesel engine. Not taken into account 
in these cost calculations are possible additional repair and maintenance costs (which are 
operational costs). During the expert consultation, it was concluded that it was not yet possible to 
estimate reliable averages for these types of costs.  
 

Engine 

100% gas engine 
The costs of the engines are based on an aggregated average of the cost estimation, given by a 
group of experts. This group of experts were asked to give a price for the mono fuel engine, taking 
into account the number of engines and the installed power as given in Table 1. In the estimated 
price for these mono fuel engines, gas generator sets, e-engines and frequency controllers are 
included. This resulted in additional costs with a range of € 807,825 for a 110 metre motor vessel 
with one engine (1,527 kW installed power) up to € 1,920,425 for a push boat with four/six barges 
with three engines (together 4,080 kW). 
 

Dual fuel engine 
Also for the dual fuel engine prices were given by experts, taking into account the number of 
engines and the installed power as given in Table 1. This resulted in additional costs with a range of 
€ 383,835 for a 135 metre motor vessel with two engines (together 1,492 kW) up to € 967,670 for a 
push boat with four/six barges with three engines. 
 

Dual fuel engine (refit engine) 
Also for the dual fuel refit engine prices were given by experts, taking into account the number of 
engines and the installed power as given in Table 1. This resulted in additional costs for the engine 
with a range of € 216,000 for the 110 metre motor vessel and motor tank vessel with one engine 
(with respectively 1,527 and 1,550 kW) up to € 432,000 for a coupled convoy and the 135 metre 
motor tank vessel (two engines of around 2,340-2,370 kW). 
 

Tank 
The investment costs for one standard LNG tank of 40 m2 is estimated at € 165,000. 
 

Tank connection space 
Assuming the standard LNG tank of 40 m2 (as mentioned under ‘tank’), the investment costs for the 
tank connection space is estimated at € 377,500. 
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Installation costs 
The installation costs differ between installation of the tank under and above deck for existing 
vessels. For newly built vessels, it is assumed that there are no differences in installation costs and 
these are equal compared to those for installation on deck.  
Included in these costs are the following elements: 
Component Low High 
Installation costs LNG tank (on deck or newly built)  € 52,500 € 57,500 
Or: Installation costs LNG tank (under deck for existing vessels) € 205,000 € 290,000 
Installation costs engine(s) and belongings   € 170,000 € 247,500 
Ventilation (tank+tcs) (on deck and newly built)   € 45,000 € 65,000 
Or: Ventilation (tank+tcs) (under deck for existing vessels)  € 55,000 € 75,000 
Monitoring/control of LNG related installations   € 90,000 € 100,000 
Electrical installation   € 122,500 € 175,000 
Class, hazid, administration for LNG related items; above standard 
class costs for tankers, ADN vessels and passenger ships 

€ 25,000 € 50,000 

Table 6: Cost component of installation of an LNG configuration 

The total installation costs if the tank is installed on deck or on a newly built vessel amount 
between € 507,500 for installation on a 110 metre motor tank vessel and € 690,000 for a push boat 
with four/six barges. For installation under the deck for existing vessels this is respectively 
€ 667,500 and € 887,500 for these vessel types.  
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2.3.2 Benefits: Reduction of fuel costs 
In the cost model used for energy-efficient navigation, the reduction of fuel consumption was used 
as the major benefit of the concept. For that reason, in this model three fuel price scenarios were 
used. These fuel price scenarios used the past development in the costs of gasoil in the period 2004-
2015.  
 
As for LNG, the benefit is in the advantage of a price of a LNG for the same energy content as one 
litre of gasoil. For that reason, in this cost model another fuel price calculation has been used. For 
this, the scenarios described in STC-NESTRA, EICB (2016) are used. The given price differences 
between LNG and gasoil are based on the scenarios described in the World Energy Outlook 2015: 

 
Figure 1: Average IEA (International Energy Agency) crude oil import price by scenario (World Energy Outlook, 2015) 

In these various scenarios, STC-NESTRA used the following price differences (advantage of LNG 
compared to gasoil): 

1. ‘Low oil price’:  Price difference LNG-Gasoil: € 0.05 (based on 1 litre gasoil); 
2. ‘450 scenario’:   Price difference LNG-Gasoil: € 0.17 
3. ‘New policies’:  Price difference LNG-Gasoil: € 0.27 
4. ‘Current policies’:  Price difference LNG-Gasoil: € 0.35 

These price advantages are assumed as constant, average values over time. Where, in reality, these 
price differences will vary over time (as can be seen Figure 1). It implies that it is also possible that 
there are some periods of time, in which the price advantage is occasionally higher than € 0.35 and 
lower than € 0.05. 

2.3.3 Financial indicators 
As mentioned in the D1.2 report, LNG as fuel is mainly an opportunity for large vessels that have a 
lot of fuel consumption per year. In that case the high investment costs of the LNG tank and fuel 
system can be earned back in savings in fuel costs. Based on expert opinion, for these cost 
calculations, only the vessel types with an average fuel consumption above 300 m2 and a maximum 
payload of above 2,500 tonnes have been selected. These vessel types are given in black in Table 1. 
 

Investment costs 
The investment costs are calculated as mentioned under section 2.3.1. 
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Investment costs as percentage of capital value 
For the calculation of the investment costs in LNG as percentage of the costs of capital, the capital 
value of a vessel is used as given in Table 7: 
Fleet family Vessel type  Capital value of vessel 

Passenger vessels(hotel/cruise) PAX 135m € 7,000,000 

Push boat >=2000 kW  Push B4 > 2000 kW € 9,300,000 

Push B6 > 2000 kW € 12,700,000 

Motorvessel dry cargo >=110m length  MVS 110m € 2,457,200 

MVS 135m € 3,576,667 

Motorvessel liquid cargo >=110m 
length  

MTS 110m € 5,027,240 

MTS 135m (M11) € 9,065,668 

MTS 135M (M12) € 11,100,817 

Coupled convoy (mainly class Va + 
Europe II lighter) 

C3L/B € 3,635,758 

Danube barge Push Barge, 4 units, Danube € 4,000,000 

Push Barge, 8/9 units, Danube € 6,000,000 
Table 7: Capital value of vessels for the selected vessel types 

These investment costs should be earned back by the cost reduction on the fuel consumption, as 
mentioned in the four scenarios. With this annual cost reduction, a couple of relevant indicators are 
calculated. 
 

Payback period 
Payback period, the period in which an investment is earned back. For this investment, a break-
even should be achieved in twelve years. 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑝𝑝𝑖𝑖 𝑃𝑃𝑝𝑝𝑃𝑃𝑝𝑝𝑦𝑦) =
𝐶𝐶0
𝐶𝐶𝑖𝑖

 

In which:  
𝐶𝐶0   = Initial costs 
Ci   = Cash Flow (in annual benefits) 

 
In which, the initial costs are the investment costs (the sum of the costs for engine, tank, tank 
connection space and installation) and the cash flow is the (average) annual fuel consumption 
multiplied by the price difference (as given in the four scenarios under 2.3.2). 
 

Required annual fuel consumption 
As the fuel consumption differs among the vessel types, in addition to the payback period for an 
average fuel consumption, it is also calculated what the amount of fuel consumption needed for a 
break even in twelve years is.  

𝑅𝑅𝑝𝑝𝑅𝑅𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑃𝑃𝑖𝑖𝑖𝑖𝑅𝑅𝑃𝑃𝑎𝑎 𝑓𝑓𝑅𝑅𝑝𝑝𝑎𝑎 𝑃𝑃𝑝𝑝𝑖𝑖𝑦𝑦𝑅𝑅𝑐𝑐𝑝𝑝𝑐𝑐𝑝𝑝𝑝𝑝𝑖𝑖 =
𝐶𝐶0

∆𝑃𝑃 ∙ 𝑇𝑇
 

 
In which:  
𝐶𝐶0   = Initial costs 
∆𝑃𝑃   = Price difference (between gasoil and LNG) 
T  = Time (in years) 
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In which the price difference is determined by the different fuel price scenarios (based on 1 litre 
gasoil) and time is set on twelve years, as the maximum payback period.  
 

Net present value 
Net Present Value (NPV) is a formula used to determine the present value - which is the discounted 
value of the future cash flows - less the initial costs. The NPV is used to estimate the profitability of 
the project, taking into account the discount rate. The formula of NPV is: 
 

𝑁𝑁𝑃𝑃𝑁𝑁 =  −𝐶𝐶0 +  
𝐶𝐶1

1 + 𝑝𝑝
+  

𝐶𝐶2
(1 + 𝑝𝑝)2

+ ⋯+
𝐶𝐶𝑇𝑇

(1 + 𝑝𝑝)𝑇𝑇 =   −𝐶𝐶0 + �
𝐶𝐶𝑖𝑖

(1 + 𝑝𝑝)𝑖𝑖

𝑇𝑇

𝑖𝑖=1

 

 
In which:  
−𝐶𝐶0  = Initial costs 
C   = Cash Flow 
r  = Discount Rate 
T  = Time (in years) 
 

In which the discount rate is 4% and time is twelve years. 
 

Internal Rate of Return 
The Internal Rate of Return (IRR) is the interest rate that equates the present value of the future 
cash flows to the current outlay, or the discount rate that produces a zero Net Present Value. The 
IRR value therefore illustrates the attractiveness of the investment. If the IRR of a new project 
exceeds a certain cutoff rate (the required rate of return), then the investment is desirable. If it’s 
below the required rate of return, the project should be rejected. The formula is: 

0 = −𝐶𝐶0 +
𝐶𝐶1

(1 + 𝐼𝐼𝑅𝑅𝑅𝑅)
+

𝐶𝐶2
(1 + 𝐼𝐼𝑅𝑅𝑅𝑅)2

+ ⋯+
𝐶𝐶𝑇𝑇

(1 + 𝐼𝐼𝑅𝑅𝑅𝑅)𝑇𝑇
  

 
 
 

In which:  
−𝐶𝐶0  = Initial costs 
C   = Cash Flow 
IRR  = Internal Rate of Return 
T  = Time (in years) 

 
In which time is twelve years. 
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3. Ex-ante cost benefit analysis 
In this chapter the outcomes of the cost calculations and the payback analyses of the application of 
LNG configurations are given. These calculations have been made according to the methodology 
described in chapter 2. In each of the paragraphs, one of the three engine configurations is assessed 
for the vessel types and representative journeys, split between installation of the tank above deck 
for newly built vessels at one side and under deck on board of existing vessels at the other side. In 
the payback analyses, the four price difference scenarios are taken into account. In paragraph 3.1 
the calculation for mono-fuel gas engines is given, paragraph 3.2 deals with dual-fuel engines and 
paragraph 3.3 is about the dual-fuel refit engines. In each of these paragraphs, section 1 describes 
the costs and payback indicators for the vessel types and section 2 gives an overview of them for 
the representative journeys. 

3.1 Mono-fuel LNG 
In this analysis, the additional investment costs of a mono-fuel LNG engine configuration are 
assessed with regards to the price advantage on fuel consumption in the coming twelve years. This 
is done on the level of the average fuel consumption per vessel type and representative journey. 
This analysis starts in section 3.1.1 with the calculation for the vessel types and subsequently – in 
section 3.1.2 - shows that for the representative journeys. It starts with the investment costs, after 
that the payback period is shown and – if the payback period is shorter than twelve years - the net 
present value and internal rate of return are shown.  

3.1.1 Vessel types  
For each of the vessel types, the investment costs are split per cost element, as described under 
section 2.3.1. If applicable, the installation costs are split between the regular installation costs (as 
for installation of tank above deck or for installation on newly built vessels) and – if applicable - the 
additional installation costs for installation of the tank under deck on an existing vessel. For the 
motor vessels (including the coupled convoys), it is also possible to equip an existing vessel with an 
LNG configuration. For push boats, it is expected only to be possible on newly built vessels. For the 
latter, installation of the tank under deck on board of an existing vessel is therefore not an 
applicable option.  
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Figure 2: Investment costs for a mono-fuel LNG configuration per vessel type 

Figure 2 shows the investment costs, varying between € 1.88 million (€ 2.04 million for under deck) 
for installation on a motor vessel of 110 metres and € 3.15 million on a push boat with four or six 
barges. The biggest cost component is the engine, amounting for 40-60% of the investment costs. As 
it is a major investment, the investment costs are also calculated as a percentage of the capital 
value, which is given in Table 8. 
Vessel types Capital value Costs as percentage of 

capital value 
(above deck) 

Costs as percentage of 
capital value 
(existing vessel, under deck) 

PAX 135m € 7,000,000 29% 33% 
Push B4 € 9,300,000 34% n/a 
Push B6 € 12,700,000 25% n/a 
MVS 110m € 2,457,200 77% 83% 
MVS 135m € 3,576,667 54% 59% 
MTS 110m € 5,027,240 38% 41% 
MTS 135m (M11) € 9,065,668 24% 26% 
MTS 135M (M12) € 11,100,817 20% 21% 
C3L/B € 3,635,758 65% 70% 
Push Barge, 4 
units, Danube  

€ 4,000,000 59% n/a 

Push Barge, 8/9 
units, Danube  

€ 6,000,000 40% n/a 

Table 8: Investment costs for a mono-fuel LNG configuration as percentage of the capital value of the vessel 
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For some vessels, such as motor vessels for dry cargo and the Danube push boats with four barges, 
the investment costs can be more than 50% of the capital value of the vessel. For the motor tank 
vessels, the (larger) push boats and the passenger vessels, this is relatively lower. 
 

Payback period 
As first step in the payback analysis, for each of the vessel types, the payback period has been 
calculated. With the payback period, it is easy to see if the investment can be earned back, 
regardless of the required rate of return. For this, the investment costs were used as given in Figure 
2, but split between payback period for vessels with the tank above deck and tank under deck. 
Figure 3 shows the payback period for installation of the tank above deck (or on newly built 
vessels). The graph is limited to 20 years, in the table under the figure, the exact payback period in 
years is given. The red line shows the period of 12 years, which is used in this analysis as the 
maximal payback period. 

 
Figure 3: Payback period (in years) per vessel type for mono-fuel LNG configuration on existing vessels with a tank above 
deck and newly built vessels 

In this figure, it can be seen that only for the push boats and the motor vessel of 135 metres with an 
average fuel consumption, in some of the price difference scenarios, the investment can be earned 
back. The payback period is also calculated for the vessels with the installation under deck and is 
given in Figure 4. As the refitting of push boats is expected not to be possible, these are not 
included in this assessment.  
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Figure 4: Payback period (in years) per vessel type for mono-fuel LNG configuration on existing vessels with a tank under 
deck 

It can be seen that – based on its average fuel consumption – there is no vessel type with a payback 
period shorter than twelve years in any of the scenarios and therefore no vessel type with a positive 
return on investment. With the assumption that the investment should be earned back in twelve 
years and there are differences in fuel consumption, also between vessels of the same vessel types,  
it is also calculated what the annual fuel consumption should be to earn back the investment in 
twelve years. This can be seen in Figure 5 for vessels with a tank above deck, the fuel consumption 
is in litres and the graph is maximised to 3,000,000 litres. 

 
Figure 5: Required fuel consumption (in litres) to get the investment costs earned back in twelve years per vessel type for 
mono-fuel LNG configuration on existing vessels with a tank above deck or newly built vessels 

It can be seen that there are differences between the scenarios. Assuming the worst case scenario 
of € 0.05 price difference and that (almost) every inland vessel has an annual fuel consumption of 
lower than 3,000 m3, a mono-fuel LNG configuration cannot be earned back. For the other three 
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scenarios, there are possibilities to earn back the investment even with an annual fuel consumption 
of between 500 and 1,000 m3. In Figure 6, the same is done for existing vessels with a tank under 
deck. 

 

 
Figure 6: Required fuel consumption (in litres) to get the investment costs earned back in twelve years per vessel type for 
mono-fuel LNG configuration on existing vessels with a tank under deck  

Net-present value and Internal Rate of Return 
For the net-present value and internal rate of return, assuming the average fuel consumption per 
vessel type and a period of twelve years, only the (five) vessel types are included where the mono-
fuel LNG configuration has – in one or more scenarios - a positive return on its investment. As 
mentioned under section 2.3.3, the NPV is calculated with a discount rate of 4%. In Figure 7 the NPV 
per vessel type can be seen. 

 
Figure 7: Net present value per vessel type for mono-fuel LNG configuration on existing vessels with a tank above deck or 
newly built vessels (in €) 
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There is only – in some scenarios – a positive NPV for the application of the mono-fuel LNG 
configuration on the (larger) push boats. With a required rate of return of 4%, there are only 
negative NPVs for the application on a motor vessel of 135 metres. However, there is a return on 
investment of this configuration on this type of vessel in the scenario of € 0.35 price difference. For 
that reason, with the IRR, the maximum rate of return can be calculated. In Figure 8, the IRR can 
be seen. In this figure, the scenario of € 0.05 is excluded, as there is no positive ROI for any of the 
vessel types in this scenario. 

 
Figure 8: Internal Rate of Return per vessel type for mono-fuel LNG configuration on existing vessels with a tank above deck 
or newly built vessels (in %) 

For the motor vessel of 135 metres, even in the scenario of € 0.35 price difference, the maximum 
rate of return is 0.3 %. For the larger push boats (with six barges and the Danube pushers), the IRR 
is positive in these three scenarios (for the push boats with six barges between 7% and 24%).   
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3.1.2 Representative journeys  
In Figure 9 the investment costs for the application of a mono-fuel LNG configuration on the 
(common) vessel types for the representative journeys are given. For that reason, these investment 
costs are similar to the ones in Figure 2 for the respective vessel types.  

 
Figure 9: Investment costs for a mono-fuel LNG configuration on the vessel types operating on the representative journeys 

The investment costs for a push boat with six barges sailing between Rotterdam and Duisburg are 
€ 3.15 million. These investment costs are the same as the investment costs for the vessel types 
given under 3.1.1. For the motor vessels of 110 metres sailing on the last four of the selected Rhine 
journeys, the costs are € 1.88 million (€ 2.04 million for a configuration with a tank under deck). 
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Payback period 
Assuming the calculated annual fuel consumption on the representative journeys, the payback 
period is given in Table 9 per price difference scenario.  

Journey Scenario: 
€ 0.05 

Scenario: 
€ 0.17 

Scenario: 
€ 0.27 

Scenario: 
€ 0.35 

1. Rotterdam-Duisburg 16 (n/a) 4.7 (n/a) 3 (n/a) 2.3 (n/a) 
2. Rotterdam-Antwerp 89.3 (96.3) 26.3 (28.3) 16.5 (17.8) 12.8 (13.8) 
3. Rotterdam-Karlsruhe 37.4 (40.3) 11 (11.9) 6.9 (7.5) 5.3 (5.8) 
4. Amsterdam-Karlsruhe 39.8 (43) 11.7 (12.6) 7.4 (8) 5.7 (6.1) 
5. Rotterdam-Basel 53.9 (58.2) 15.9 (17.1) 10 (10.8) 7.7 (8.3) 
7. Amsterdam-Antwerp 73.4 (79.2) 21.6 (23.3) 13.6 (14.7) 10.5 (11.3) 
9. Amsterdam-Rotterdam 30.5 (32.9) 9 (9.7) 5.7 (6.1) 4.4 (4.7) 
10. Antwerp-Mainz 52.9 (57.2) 15.5 (16.8) 9.8 (10.6) 7.6 (8.2) 
12. Antwerp-Duisburg 48.4 (52.1) 14.2 (15.3) 9 (9.7) 6.9 (7.4) 
13. Rotterdam-Duisburg 121.2 (131.6) 35.7 (38.7) 22.5 (24.4) 17.3 (18.8) 
16. Rotterdam-Strassbourg 87.2 (94.6) 25.6 (27.8) 16.1 (17.5) 12.5 (13.5) 
18. Duisburg-Antwerp 58.5 (63.5) 17.2 (18.7) 10.8 (11.8) 8.4 (9.1) 
23. Dusseldorf-Antwerp 66.7 (72.3) 19.6 (21.3) 12.3 (13.4) 9.5 (10.3) 
1. Bor district-Constanta 30.5 (n/a) 9 (n/a) 5.6 (n/a) 4.4 (n/a) 
2. Bor district-Constanta 30.5 (n/a) 9 (n/a) 5.6 (n/a) 4.4 (n/a) 
3. Constanta-Dunaújváros 34.1 (n/a) 10 (n/a) 6.3 (n/a) 4.9 (n/a) 
4. Giurgiu-Constanta 49.7 (n/a) 14.6 (n/a) 9.2 (n/a) 7.1 (n/a) 
5. Calafat-Constanta 30.5 (n/a) 9 (n/a) 5.6 (n/a) 4.4 (n/a) 
6. Bratislava-Linz 30.9 (n/a) 9.1 (n/a) 5.7 (n/a) 4.4 (n/a) 
7. Calafat-Constanta 30.5 (n/a) 9 (n/a) 5.6 (n/a) 4.4 (n/a) 
8. Constanta-Dunaújváros 34.1 (n/a) 10 (n/a) 6.3 (n/a) 4.9 (n/a) 
9. Giurgiu-Constanta 49.7 (n/a) 14.6 (n/a) 9.2 (n/a) 7.1 (n/a) 
10. Giurgiu-Constanta 49.7 (n/a) 14.6 (n/a) 9.2 (n/a) 7.1 (n/a) 

Table 9: Payback period (in years) for mono-fuel LNG configurations, based on average annual fuel consumption on the 
representative journeys - for tank above deck and under deck (in brackets) 

In parallel with the payback period for the vessel types, it can be seen that there is no ROI in the 
worst case scenario (€ 0.05) for the application of mono-fuel LNG configurations. Except for three 
representative journeys (given in red in Table 9), for most of the representative journeys there is an 
ROI for one or more scenarios. These representative journeys are assessed on the NPV, taken into 
account the discount rate of 4%.  
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NPV and IRR for mono-fuel LNG configuration with tank above deck and on newly built vessels  
The outcomes of the NPVs for the configuration with an installation of the tank above deck (or on 
newly built vessels) are given in Figure 10 for the Rhine journeys and Figure 11 for the Danube 
journeys. 

 
Figure 10: Net present value per representative journey (on the Rhine) for mono-fuel LNG configuration on existing vessels 
with a tank above deck or newly built vessels (in €)

 

Figure 11: Net present value per representative journey (on the Danube) for mono-fuel LNG configuration on existing 
vessels with a tank above deck or newly built vessels (in €) 

Especially on the first Rhine journey (push boat with ore between Rotterdam and Duisburg), there is 
a positive business case for the application of LNG, ranging between a negative NPV of € 1.3 million 
(in the worst case scenario) and a positive NPV of € 9.8 million (in the best case scenario). Also on 
the ninth Rhine journey (Amsterdam-Rotterdam with oil) and several Danube journeys, there are 
positive NPVs in three of the four price scenarios. As there isn’t any vessel type with a payback 
period shorter than twelve years for its average fuel consumption in the scenario of € 0.05 price 
difference, this scenario hasn’t been taken into account in the IRR analysis. 
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Figure 12: Internal Rate of Return per representative journey (on the Rhine) for mono-fuel LNG configuration on existing 
vessels with a tank above deck or newly built vessels (in %) 

 

 
Figure 13: Internal Rate of Return per representative journey (on the Danube) for mono-fuel LNG configuration on existing 
vessels with a tank above deck or newly built vessels (in %) 

The IRR analysis is especially interesting in the scenario of a price difference of € 0.17. In the case 
of the 135 metre motor tank vessel on Rotterdam-Karlsruhe with oil (3rd Rhine journey), there is a 
positive business case if the ship-owning company accepts a rate of return of 1.4%. This is 0.4% for 
the coupled convoy with coal on Amsterdam-Karlsruhe and 2.9% for Constanta-Dunaújváros with 
coal and agribulk (respectively 3rd and 8th Danube journey).   
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NPV and IRR for mono-fuel LNG configuration with tank under deck on existing vessels  
The outcomes of the NPVs for the configuration with an installation of the tank under are given in 
Figure 14 for the Rhine journeys. For the Danube journeys, there are only push boats in the 
assessment and for these, the LNG configurations are assumed to be only available for newly built 
push boats.   
 

 
Figure 14: Net present value per representative journey (on the Rhine) for mono-fuel LNG configuration on existing vessels 
with a tank under deck (in €) 

For the 9th journey the NPV ranges between € 1.7 million negative (in worst case) and € 2.4 million 
positive (in the best case scenario). In the 7th journey (coupled convoy with containers on 
Amsterdam-Antwerp) and the 23rd journey (motor vessel of 110 metres with agribulk on Dusseldorf-
Antwerp), there are negative NPVs. Also, the IRR is calculated for these representative journeys 
(also without the scenario: € 0.05) and shown in Figure 15: 

 
Figure 15: Internal Rate of Return per representative journey (on the Rhine) for mono-fuel LNG configuration on existing 
vessels with a tank under deck (in %) 

In the scenario of a price difference of € 0.17, there is a positive business case for the 135 metre 
motor tank vessel on Rotterdam-Karlsruhe with oil (3rd Rhine journey), if the ship-owning company 
accepts a rate of return of 0.2%. This is 3.5% for the same vessel type operating between 
Amsterdam and Rotterdam with oil (9th Rhine journey).  
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3.2 Dual-fuel engines 
In this analysis, the (additional) investment costs of a dual-fuel LNG engine configuration with all its 
elements and the installation costs are compared with the price advantage on fuel consumption in 
the coming twelve years. This is done on the level of average vessel types (in section 3.2.1) and 
representative journeys (in section 3.2.2). The structure of this paragraph and the assessment is in 
line with the one on mono-fuel engines in 3.1. 

3.2.1 Vessel types  
For each of the vessel types the costs are split per cost element, as described under section 2.3.1. 
In the installation costs a division is made between the base-line installation costs (as for 
installation of a configuration with a tank above deck or for installation on newly built vessels) and 
the additional installation costs for installation of a configuration with the tank under deck of an 
existing vessel. These investment costs are given in Figure 16. 

 
Figure 16: Investment costs for a dual-fuel LNG configuration for the vessel types  

These costs vary from € 1.44 million (€ 1.6 million for under deck) for a 110m motor tank vessel up 
to € 2.2 for the push boats with four / six barges. These investment costs are around € 440,000 and 
€ 950,000 lower than the mono-fuel LNG configuration. As a cost element, the costs for the engine 
are lower, amount for 24-44% of the total investment costs. Also for these investment, the costs are 
calculated as a percentage of the capital value, given in Table 10. 
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Vessel types Capital value Costs as percentage of 
capital value 
(above deck) 

Costs as percentage of 
capital value 
(existing vessel, under deck) 

PAX 135m € 7,000,000 26% 30% 
Push B4 € 9,300,000 24% n/a 
Push B6 € 12,700,000 17% n/a 
MVS 110m € 2,457,200 60% 66% 
MVS 135m € 3,576,667 41% 45% 
MTS 110m € 5,027,240 29% 32% 
MTS 135m (M11) € 9,065,668 20% 22% 
MTS 135M (M12) € 11,100,817 16% 17% 
C3L/B € 3,635,758 50% 55% 
Push Barge, 4 
units, Danube  

€ 4,000,000 46% n/a 

Push Barge, 8/9 
units, Danube  

€ 6,000,000 30% n/a 

Table 10: Investment costs for a dual-fuel LNG configuration as percentage of the capital value of the vessel 

It can be seen that the investment costs form a less substantial share of the capital value than for 
the mono-fuel configuration. For most of the vessel types except for the 110 metre motor vessel 
and the coupled convoy), the additional investment costs are less than 50% of the capital value of 
the vessel.  

Payback period 
For each of the vessel types, the payback period has been calculated, as can be seen in Figure 17. 
In the graph, the vertical axis is limited to 20 years and the red line shows the period of 12 years. In 
the table under the figure, the exact payback period in years is given.  

 
Figure 17: Payback period (in years) per vessel type for dual-fuel LNG configuration on existing vessels with a tank above 
deck and newly built vessels 
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It is assumed that the maximum payback period is twelve years to get a positive return on 
investment. Next to the push boats, it shows that in one or more scenarios, there is also a positive 
ROI for the motor vessel dry cargo of 135 metres, the 110 metre motor tank vessel and the coupled 
convoy. However, in the worst-case scenario (with a price advantage of LNG of € 0.05), there is no 
positive ROI. The same is done for the vessels with the installation of a tank under deck. As 
mentioned under 3.1.1, the push boats are excluded from this analysis: 

 
Figure 18: Payback period (in years) per vessel type for dual-fuel LNG configuration on existing vessels with a tank under 
deck 

In the case of installation of the tank under deck on an existing vessels, there are positive ROIs in 
(only) the best-case scenario for the motor vessel dry cargo of 135 metres and the coupled convoy. 
These payback periods are calculated based on the average fuel consumption of a vessel type. 
There are differences in fuel consumption among the vessels of the same vessel type. For that 
reason, Figure 19 and Figure 20 show the fuel consumption needed to get a positive ROI, which 
means earning back the investment in twelve years. The vertical axis in these graphs are limited to 
3 million litres. 

PAX 135m MVS 110m MVS 135m MTS 110m MTS 135M
(M11)

MTS 135M
(M12) C3L/B

Scenario: € 0.05 96,1 105,7 68,7 90,1 111,6 107,8 72,9
Scenario: € 0.17 28,3 31,1 20,2 26,5 32,8 31,7 21,4
Scenario: € 0.27 17,8 19,6 12,7 16,7 20,7 20,0 13,5
Scenario: € 0.35 13,7 15,1 9,8 12,9 15,9 15,4 10,4

0,0
2,0
4,0
6,0
8,0

10,0
12,0
14,0
16,0
18,0
20,0



 

 
Page 38 of 68 

 

 
Figure 19: Required fuel consumption (in litres) to get the investment costs earned back in twelve years per vessel type for 
dual-fuel LNG configuration on existing vessels with a tank above deck or newly built vessels 

 
Figure 20: Required fuel consumption (in litres) to get the investment costs earned back in twelve years per vessel type for 
dual-fuel LNG configuration on existing vessels with a tank under deck 

These two graphs show that for the motor vessels dry cargo and the 110 metre motor tank vessel, in 
the worst case scenario (€ 0.05 price advantage) an annual fuel consumption of around 2,400 m3 

(2,700 m3 with a tank under deck) is needed to get break-even in twelve years. In the best case 
scenario (€ 0.35 price advantage), for these three vessel types a fuel consumption of 340 m3 (tank 
under deck: 380 m3) is needed. 
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135 metre motor vessel dry cargo. For the latter two, the same amounts for the configuration with 
a tank under deck on an existing vessel. The graphs with the NPV are combined in Figure 21: 

 
Figure 21: Net present value per vessel type for dual-fuel LNG configuration on existing vessels with a tank above deck or 
newly built vessels (left) and on existing vessels with a tank under deck (right) (in €) 

Assuming the discount rate of 4%, there are – in some scenarios - only positive NPVs for the push 
boats (for the push boat with six barges even up to € 5.4 million in the best case scenario). In the 
best case scenario, there is a positive NPV of around € 90,000 for installation on a 135 metre motor 
vessel dry cargo (tank above deck/new vessels). However, in the worst case scenario, it is € 1.2 
million.  
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In order to calculate what discount rate is needed to get an NPV of zero, in which the present value 
of the benefits equals the investment costs, the internal rate of return is calculated As there isn’t 
any vessel type with a payback period shorter than twelve years for its average fuel consumption, 
the scenario of € 0.05 price difference hasn’t been taken into account in the IRR analysis: 

 
Figure 22: Internal Rate of Return per vessel type for dual-fuel LNG configuration on existing vessels with a tank above deck 
or newly built vessels (left) and existing vessels with a tank under deck (right) (in %) 

In the best-case scenarios, for a 110 metre motor tank vessel the net-present value is only positive, 
if a discount rate of no more than 0.5% is acceptable. In this scenario, the internal rates of return 
are 3.9% (2.3% with a tank under deck) for a coupled-convoy and 5.1% (3.2% with a tank under deck) 
for a 135 metre motor vessel dry cargo.   
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3.2.2 Representative journeys  
The assessment of the (investment) costs and the benefits (the price advantage of LNG compared to 
diesel) of the application of dual-fuel LNG configurations is also done for the representative 
journeys. The investment costs for the vessels on the representative journeys correspond with the 
investment costs for respective vessel types. These costs are given in Figure 23 and are split per 
cost component.  

 
Figure 23: Investment costs of a dual-fuel LNG configuration for the vessel types operating on the representative journeys 

The lowest investment costs are around € 1.46 million (an additional costs of € 160,000 for 
installation under deck) for the 135 metre and 110 metre motor vessels dry cargo operating on five 
of the representative journeys (respectively Rhine journeys 10 and 13, 16, 18 and 23). The highest 
are for the push boat operating between Rotterdam and Duisburg (€ 2.2 million). 
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Payback period 
The payback period (in years) per representative journey is given in Table 11. This period is based 
on the investment costs, as given on the last page, and the benefits based on the calculated annual 
fuel consumption (as given on pp. 15-16). 
 

Journey Scenario: 
€ 0.05 

Scenario: 
€ 0.17 

Scenario: 
€ 0.27 

Scenario: 
€ 0.35 

1. Rotterdam-Duisburg 11.2 (n/a) 3.3 (n/a) 2.1 (n/a) 1.6 (n/a) 
2. Rotterdam-Antwerp 68.7 (75.7) 20.2 (22.3) 12.7 (14) 9.8 (10.8) 
3. Rotterdam-Karlsruhe 30.5 (33.4) 9 (9.8) 5.6 (6.2) 4.4 (4.8) 
4. Amsterdam-Karlsruhe 30.7 (33.8) 9 (9.9) 5.7 (6.3) 4.4 (4.8) 
5. Rotterdam-Basel 41.5 (45.7) 12.2 (13.5) 7.7 (8.5) 5.9 (6.5) 
7. Amsterdam-Antwerp 56.5 (62.3) 16.6 (18.3) 10.5 (11.5) 8.1 (8.9) 
9. Amsterdam-Rotterdam 23.9 (26.3) 7 (7.7) 4.4 (4.9) 3.4 (3.8) 
10. Antwerp-Mainz 39.8 (44.2) 11.7 (13) 7.4 (8.2) 5.7 (6.3) 
12. Antwerp-Duisburg 37.2 (41) 11 (12.1) 6.9 (7.6) 5.3 (5.9) 
13. Rotterdam-Duisburg 94.2 (104.6) 27.7 (30.8) 17.5 (19.4) 13.5 (14.9) 
16. Rotterdam-Strassbourg 67.7 (75.2) 19.9 (22.1) 12.5 (13.9) 9.7 (10.7) 
18. Duisburg-Antwerp 45.5 (50.5) 13.4 (14.8) 8.4 (9.3) 6.5 (7.2) 
23. Dusseldorf-Antwerp 51.8 (57.5) 15.2 (16.9) 9.6 (10.6) 7.4 (8.2) 
1. Bor district-Constanta 23.5 (n/a) 6.9 (n/a) 4.3 (n/a) 3.4 (n/a) 
2. Bor district-Constanta 23.5 (n/a) 6.9 (n/a) 4.3 (n/a) 3.4 (n/a) 
3. Constanta-Dunaújváros 26.2 (n/a) 7.7 (n/a) 4.9 (n/a) 3.7 (n/a) 
4. Giurgiu-Constanta 38.2 (n/a) 11.2 (n/a) 7.1 (n/a) 5.5 (n/a) 
5. Calafat-Constanta 23.4 (n/a) 6.9 (n/a) 4.3 (n/a) 3.3 (n/a) 
6. Bratislava-Linz 23.8 (n/a) 7 (n/a) 4.4 (n/a) 3.4 (n/a) 
7. Calafat-Constanta 23.4 (n/a) 6.9 (n/a) 4.3 (n/a) 3.3 (n/a) 
8. Constanta-Dunaújváros 26.2 (n/a) 7.7 (n/a) 4.9 (n/a) 3.7 (n/a) 
9. Giurgiu-Constanta 38.2 (n/a) 11.2 (n/a) 7.1 (n/a) 5.5 (n/a) 
10. Giurgiu-Constanta 38.2 (n/a) 11.2 (n/a) 7.1 (n/a) 5.5 (n/a) 

Table 11: Payback period (in years) for dual-fuel LNG configurations, based on average annual fuel consumption on the 
representative journeys - for tank above deck and under deck (in brackets) 

The table shows a positive ROI (a payback period of twelve years or less) in all scenarios for the first 
Rhine journey, with a payback period ranging between 1.6 (in best case scenario) and 11.2 years (in 
worst case scenario). Although relatively low investment costs, for the thirteenth Rhine journey, 
there is no positive ROI in any of the four fuel price scenarios. For the rest of the journeys, there is 
in one or more scenarios a positive ROI.  
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NPV and IRR for dual-fuel LNG configuration with tank above deck and on newly built vessels  
To see if there are still positive business cases when a discount rate of 4% is taken into account, the 
NPVs are also calculates for these representative journeys. For the configuration with an installation 
of the tank above deck (or on newly built vessels), the NPVs are given in Figure 24 for the Rhine 
journeys and Figure 25 for the Danube journeys. 
 

 
Figure 24: Net present value per representative journey (on the Rhine) for a dual-fuel LNG configuration on existing vessels 
with a tank above deck or newly built vessels (in €) 

 
Figure 25: Net present value per representative journey (on the Danube) for dual-fuel LNG configuration on existing vessels 
with a tank above deck or newly built vessels (in €) 

In these figures, it can be seen that in all of the Danube journeys, there are positive business cases 
in two or three of the scenarios. So, in the scenario of a price advantage of € 0.27, there is a 
positive business case for all of the ten Danube journeys with a NPV between around € 590,000 and 
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€ 2.1 million. In a scenario of a price advantage of € 0.17, there is a negative NPV only for the three 
journeys between Giurgiu and Constanta.  
 
In the scenario of € 0.27 price advantage, there is only a positive NPV for eight of the Rhine 
journeys, for these eight ranging between around € 400,000 and € 7.8 million. On two of the Rhine 
journeys (2, 16), there is no positive NPV in any of the four price scenarios. However, at page 40, it 
can be seen that in the best-case scenario there is a payback period of somewhat shorter than ten 
years. If a ship-owning company makes this investment, it needs a lower discount rate in this 
scenario. Also for the price advantage of € 0.17, a ship-owning company operating between Giurgiu 
and Constanta investing in a dual-fuel LNG configuration, a lower discount rate is needed. 
 
Therefore the IRR has been calculated and can be seen in Figure 26 and Figure 27. As there isn’t any 
vessel type with a payback period shorter than twelve years for its average fuel consumption, the 
scenario of € 0.05 price difference hasn’t been taken into account in the IRR analysis: 

 
Figure 26: Internal Rate of Return per representative journey (on the Rhine) for a dual-fuel LNG configuration on existing 
vessels with a tank above deck or newly built vessels (in %) 
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Figure 27: Internal Rate of Return per representative journey (on the Danube) for dual-fuel LNG configuration on existing 
vessels with a tank above deck or newly built vessels (in %) 

In the Rhine journeys 2 (Rotterdam-Antwerp, coupled convoy with containers) and 16 (Rotterdam-
Strasbourg, MVS 110m with agribulk), only in the best case scenario, there is a positive NPV, if the 
ship-owning company accepts – or its financial offers - a discount rate of respectively 3.2% and 3.5%. 
In the case of a price advantage of € 0.17, the ship-owning company operating on Giurgiu-Constanta 
has a positive NPV for the application of a dual-fuel LNG configuration, if a rate of return of 1% is 
accepted. In this scenario, the same amounts for Antwerp-Mainz (MVS 135M) and Antwerp-Duisburg 
(coupled convoy) with containers with a rate of return of respectively 0.4% and 1.4%. 
 

NPV and IRR for dual-fuel LNG configuration with tank under deck on existing vessels  
For the tank under deck, the NPV for the dual-fuel LNG configuration is also calculated for each of 
the representative journeys and this can be seen in Figure 28. Excluded in this assessment are the 
first Rhine journey and the Danube journeys, because these journeys are operated by push boats, on 
which an LNG configuration seem to be impossible to be installed on an existing vessel. and the 
thirteenth Rhine journey, because it has a payback period of longer than twelve years for each of 
the price scenarios. 

 
Figure 28: Net present value per representative journey (on the Rhine) for a dual-fuel LNG configuration on existing vessels 
with a tank under deck (in €) 
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On six of the selected representative journeys, there is a positive NPV in at least two of the price 
scenarios. For the 9th Rhine journey, this range between around € 1.2 million negative (in the worst 
case scenario) and € 2.8 million positive (in the best case scenario). On two representative 
journeys, the 2nd (NPV between around -/- € 1.6 million and -/- € 81,000) and the 16th Rhine 
journeys (between around -/- € 1,4 million and -/- € 200,000, there are no positive NPVs in any of 
the scenarios. For each of these representative journeys, also the IRR is calculated, which can be 
seen in Figure 29. 

 
Figure 29: Internal Rate of Return per representative journey (on the Rhine) for a dual-fuel LNG configuration on existing 
vessels with a tank under deck (in %) 

If a ship-owning company can accept a rate of return of around 3%, then there is a positive business 
case in the scenario of € 0.17 price advantage for the application of LNG on the 135 metre motor 
tank vessel operating between Rotterdam and Karlsruhe with oil (3rd Rhine journey) and the coupled 
convoy with coal operating between Amsterdam and Karlsruhe (4th Rhine journey). In this scenario, 
it is just short of a business case for the coupled convoy with containers operating between Antwerp 
and Duisburg (12th Rhine journey), which was already concluded in Table 11 (payback period of 12.1 
years).  
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3.3 Dual-fuel refit engines 
In this analysis, the investment costs of a dual-fuel refit LNG engine configuration, including all its 
elements and the installation, are assessed in comparison with the benefit of lower fuel costs in the 
coming twelve years. This is done on the level of average vessel types and representative journeys. 
This analysis starts with the calculation of the payback period. For the types and journeys, in which 
(in one of the scenarios) there is a payback period, the net present value is calculated.  

3.3.1 Vessel types  
For each of the vessel types the costs are split per cost element, the installation costs are split 
between the installation costs (as for installation of tank above deck or for installation on newly 
built vessels) and the additional installation costs for installation of the tank under deck of an 
existing vessel.  

 
Figure 30: Investment costs for a dual-fuel LNG refit configuration for the vessel types 

These costs vary between around € 1.27 million (€ 1.43 million for under deck) for a 110m motor 
tank vessel and € 1.57 million (€ 1.76 million for under deck) for application on a coupled convoy, 
respectively around € 100,000 and € 250,000 lower than for the application of a dual-fuel LNG 
configuration. In Table 12, the investment costs are given as a percentage of the capital value.  
 
  

€0 

€500.000 

€1.000.000 

€1.500.000 

€2.000.000 

PAX 135m MVS 110m MVS 135m MTS 110m MTS 135M
(M11)

MTS 135M
(M12)

C3L/B

Additional installation costs existing vessel under deck

Installation costs

Tank Connection Space

Tank

Engine



 

 
Page 48 of 68 

 

 
Vessel types Capital value Costs as percentage of 

capital value 
(above deck) 

Costs as percentage of 
capital value 
(existing vessel, under deck) 

PAX 135m € 7,000,000 20% 23% 
MVS 110m € 2,457,200 53% 59% 
MVS 135m € 3,576,667 38% 43% 
MTS 110m € 5,027,240 25% 28% 
MTS 135m (M11) € 9,065,668 17% 19% 
MTS 135M (M12) € 11,100,817 14% 16% 
C3L/B € 3,635,758 43% 48% 

Table 12: Investment costs for a dual-fuel LNG refit configuration as percentage of the capital value of the vessel 

Payback period 
For each of the vessel types, the payback period is calculated, using the investment costs as given 
in Figure 30. In Figure 31 and Figure 32, these can be seen (in the graphs maximised on 20 years) for 
respectively the configuration with a tank above deck and a tank under deck. In the table under the 
graph, the payback period in years is given. The red line shows the period of 12 years, which is used 
as the maximum acceptable payback period to get a return on investment. 
 

 
Figure 31: Payback period (in years) per vessel type for dual-fuel LNG refit configuration on vessels with a tank above deck 
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Figure 32: Payback period (in years) per vessel type for dual-fuel LNG refit configuration on vessels with a tank under deck 

It shows that for four vessel types there is a positive return on investment within twelve years in at 
least one of the scenarios. For the application of LNG with a tank above deck on a 110 metre motor 
vessel (dry cargo), it is just somewhat longer than 12 years.  
 
In Figure 33 (for tank above deck) and Figure 34 (for tank under deck) the fuel consumption is given 
(in litres) needed to get a break-even by twelve years: 
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Figure 33: Required fuel consumption (in litres) to get the investment costs earned back in twelve years per vessel type for 
dual-fuel LNG refit configuration on vessels with a tank above deck  

 
Figure 34: Required fuel consumption (in litres) to get the investment costs earned back in twelve years per vessel type for 
dual-fuel LNG refit configuration on existing vessels with a tank under deck 
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For a 110 metre motor tank vessel, a fuel consumption of around 300 m3 (in the best case price 
scenario) and around 2,110 m3 (in the worst case scenario) (tank under deck: 340 – 2,380 m3) are 
needed to earn back the investment in twelve years. For a coupled convoy, this is respectively 
around 375 m3 and 2,625 m3 (with a tank under deck: 420 m3 – 2,930 m3). 
 

Net-Present Value and Internal Rate of Return 
For the vessel types with a payback period of shorter than twelve years in one or more scenarios, 
the NPV is calculated. The result is given in the combined Figure 35 with four vessel types for the 
installation above deck (left) and installation under deck (right).  

 
Figure 35: Net present value per vessel type for dual-fuel LNG refit configuration on existing vessels with a tank above deck 
or newly built vessels (left) and on existing vessels with a tank under deck (right) (in €) 

It can be seen that for the installation of a tank above deck, there are only in the best-case 
scenarios (€ 0.35 price difference) positive business cases for the passenger vessel, the 135 metre 
motor vessel (dry cargo) and the coupled convoy. For the installation of a tank under deck, this only 
accounts for the latter two vessel types.  
 
Only for the two scenarios in which there are positive return on investments, i.e. the price 
differences of € 0.27 and € 0.35, the IRR is calculated for the assessed vessel types. This is given in 
Figure 36. 
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Figure 36: Internal Rate of Return per vessel type for dual-fuel refit LNG configuration on existing vessels with a tank above 
deck (left) and existing vessels with a tank under deck (right) (in %) 

In the best-case scenario (€ 0.35 price difference), there is a positive business case for a passenger 
vessel with an LNG configuration with a tank under deck, if its ship-owning company can accept a 
rate of return of 1.6%. In this scenario with a tank under deck, for a 110 metre motor tank vessel, 
this is 0.7% (2.6% with a tank above deck). In the scenario of € 0.27 price difference, the IRR is 
lower than 4%, but still positive for the passenger vessel with a tank above deck (0.1%) and for the 
135 metre motor vessel (dry cargo) (above deck: 1.8%; under deck: 0.1%) and the coupled convoy 
(above deck: 2.0%; under deck: 0.2%).  
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3.3.2 Representative journeys  
Also for the representative journeys, the (investment) costs and the benefits (the price advantage 
of LNG compared to diesel) of the application of the dual-fuel LNG refit configurations are assessed. 
The journeys performed with push boats, the first Rhine journey and each of the Danube journeys, 
are excludes from this assessment. The investment costs for the vessels on the representative 
journeys are similar with the investment costs for respective vessel types. These costs are given in 
Figure 37 and are split per cost component. 

 
Figure 37: Investment costs of a dual-fuel LNG refit configuration for the vessel types operating on the representative 
journeys 

These additional investment costs are in line with the additional investment costs as given under 
3.3.1 and ranging between € 1.29 million (for tank above deck, and € 1.45 million for tank under 
deck) for the 110 metre motor vessels (dry cargo) which operate on three selected Rhine journeys, 
and € 1.57 million (€ 1.76 million) for the coupled convoys operating on five Rhine journeys.   
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Payback period 
In Table 13, the payback period for each of the assessed representative journeys is shown for each 
of the scenarios. This is divided in a configuration with the installation of the tank above deck and 
under deck (in brackets). 

Journey Scenario: 
€ 0.05 

Scenario: 
€ 0.17 

Scenario: 
€ 0.27 

Scenario: 
€ 0.35 

2. Rotterdam-Antwerp 59.3 (66.3) 17.4 (19.5) 11 (12.3) 8.5 (9.5) 
3. Rotterdam-Karlsruhe 26.3 (29.2) 7.7 (8.6) 4.9 (5.4) 3.8 (4.2) 
4. Amsterdam-Karlsruhe 26.5 (29.6) 7.8 (8.7) 4.9 (5.5) 3.8 (4.2) 
5. Rotterdam-Basel 35.8 (40) 10.5 (11.8) 6.6 (7.4) 5.1 (5.7) 
7. Amsterdam-Antwerp 48.8 (54.5) 14.4 (16) 9 (10.1) 7 (7.8) 
9. Amsterdam-Rotterdam 21.5 (23.9) 6.3 (7) 4 (4.4) 3.1 (3.4) 
10. Antwerp-Mainz 37.2 (41.6) 10.9 (12.2) 6.9 (7.7) 5.3 (5.9) 
12. Antwerp-Duisburg 32.1 (35.9) 9.4 (10.6) 5.9 (6.6) 4.6 (5.1) 
13. Rotterdam-Duisburg 83.1 (93.4) 24.5 (27.5) 15.4 (17.3) 11.9 (13.3) 
16. Rotterdam-Strassbourg 59.8 (67.2) 17.6 (19.8) 11.1 (12.4) 8.5 (9.6) 
18. Duisburg-Antwerp 40.1 (45.1) 11.8 (13.3) 7.4 (8.4) 5.7 (6.4) 
23. Dusseldorf-Antwerp 51.8 (57.5) 15.2 (16.9) 9.6 (10.6) 7.4 (8.2) 

Table 13: Payback period (in years) for dual-fuel LNG refit configurations, based on average annual fuel consumption on the 
representative journeys - for tank above deck and under deck (in brackets) 

There is no positive ROI for the scenario with a price difference of € 0.05. Even in the 135 metre 
motor tank vessel between Amsterdam and Rotterdam with oil (9th Rhine Journey), this payback 
period is already more than twenty years. In the other three scenarios, there are more positive 
ROIs. On five of the twelve journeys, this is even the case in all three scenarios with each of the 
configurations. For the tank above deck, in the scenario of € 0.35 price difference, there’s a 
positive ROI for all.  
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NPV and IRR for dual-fuel refit LNG configuration with tank above deck 
For all of these journeys, the NPV was calculated for the application of an LNG configuration with a 
tank above deck, as given in Figure 38. 
 

 
Figure 38: Net present value per representative journey (on the Rhine) for a dual-fuel LNG refit configuration on existing 
vessels with a tank above deck (in €) 

For this configuration, the NPV for a vessel on the 9th Rhine journey (MTS 135m with oil on 
Amsterdam-Rotterdam) ranges between around € 870,000 negative (price difference: € 0.05) and 
€ 3.2 million positive (price difference: € 0.35). For the 110 metre motor vessel with containers 
operating between Rotterdam and Duisburg (13th journey), there is only a negative NPV for the 
application of this LNG configuration: Between around € 1.1 million negative and around € 270,000 
negative. In the scenario of € 0.17 price difference, there is a positive NPV for the application of 
this configuration on three of the journeys. 
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Also for this configuration, the IRR is calculated to see if it’s possible to get a positive business case 
if a lower rate of return is accepted. As there isn’t any vessel type with a payback period shorter 
than twelve years for its average fuel consumption, the scenario of € 0.05 price difference hasn’t 
been taken into account in this IRR analysis.  

 
Figure 39: Internal Rate of Return per representative journey (on the Rhine) for a dual-fuel LNG refit configuration on 
existing vessels with a tank above deck or newly built vessels (in %) 

In the scenario of € 0.17, next to the three journeys that already have a positive NPV at a discount 
rate of 4%, there are also four journeys with a positive business case if they can accept a lower rate 
of return. For example for the coupled convoys with containers, 2.1% for the one operating between 
Rotterdam and Basel (5th Rhine journey) and 3.9% in the case of operating between Antwerp and 
Duisburg (12th Rhine journey).   
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NPV and IRR for dual-fuel refit LNG configuration with tank above deck 
The same analysis is done for the tank under deck, except for the 110 metre motor vessel, 
operating with containers between Rotterdam and Duisburg on the 13th Rhine journey, for which 
there isn’t any positive ROI for the application of this configuration. The NPV for this configuration 
can be seen in Figure 40. 

 
Figure 40: Net present value per representative journey (on the Rhine) for a dual-fuel LNG refit configuration on existing 
vessels with a tank under deck (in €) 

Especially for the 3rd and 9th (both 135 metre MTS with oil) and the 4th (coupled convoy with coal) 
Rhine journeys, there is a positive business case for the application of this LNG configuration. In 
these three journeys, in three of the four price scenarios (and with both tank configurations), 
there’s a positive business case. For the motor tank vessel between Amsterdam and Rotterdam (the 
9th journey), this is even going up to an NPV of € 3 million in the best case scenario.  
 
In Figure 41 the IRR is given for the application of an LNG configuration. Excluded in this analysis 
are the 13th Rhine journey and the scenario of € 0.05, because of the lack of a positive ROI in this 
scenario. 
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Figure 41: Internal Rate of Return per representative journey (on the Rhine) for a dual-fuel LNG refit configuration on 
existing vessels with a tank under deck (in %) 

Also with this configuration, in the scenario of a price advantage of € 0.17, there is a positive 
business case for the coupled convoys with container operating on Rotterdam-Basel (5th journey) 
and Antwerp-Duisburg (12th journey), if a lower rate of return is accepted. This is respectively 0.3% 
and 2%.   
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Conclusions and recommendations 
This analysis gives a first impression of the costs and benefits of the application of LNG, showing the 
indicators for the economic feasibility of the application of LNG. As already concluded in the report 
D1.2 of this project, LNG offers a main opportunity for large vessels with a high annual fuel 
consumption. In that case, the high investment costs of the LNG tank and fuel system can be earned 
back in savings in fuel costs. This conclusion is supported by this analysis, with the amount of 
vessels for which the application of LNG is feasible, depending on the investment costs, the fuel 
consumption and the fuel price scenario. 
 

Costs: Additional investment costs 
In this analysis, the (investment) costs were taken as the additional costs compared to engine 
replacement. These costs depend on several factors, like the number and the installed power of the 
engines and the place of the fuel tank. The engine configurations are also a determining factor, 
with the investment costs for applying these configurations in the considered vessel types: 

- Mono-fuel:  Between € 1.8 million (€ 2 million under deck) and € 3.2 million 
- Dual-fuel:  Between € 1.4 million (€ 1.6 million under deck) and  € 2.2 million 
- Dual-fuel refit: Between € 1.3 million (€ 1.4 million under deck) and € 1.6 million (€ 1.8 

million under deck) 
Added to the figures above, the remark that the dual-fuel refit configuration can only be applied on 
Caterpillar 3500 engine. Besides, push boats were not taken into account, as refitting is difficult on 
push boats. Mainly because of the number of engines and the installed power, the push boats have 
the highest investment costs in the other configurations. 
 

Benefits: Fuel consumption and fuel price scenario 
In order to earn back these investment costs in twelve years, it is important to have enough savings 
in fuel costs. The average fuel consumption of a 110 metre motor vessel (MVS) is 307.1 m3 and that 
of a push boat with six barges is 2,322.6 m3. This results in an annual fuel cost reduction for the 
vessel types with their average fuel consumption in a range of: 

- Scenario € 0.05: € 15,357 (110m MVS) and € 116,132 (Push B6) 
- Scenario € 0.17: € 52,215 and € 394,849 
- Scenario € 0.27: € 82,929 and € 627,114 
- Scenario € 0.35: € 107,501 and € 812,925 

 
These benefits are also calculated for the representative journeys, resulting in an annual fuel cost 
reduction for the vessels on these journeys with their calculated fuel consumption in a range of: 

- Scenario € 0.05: € 15,529 (110m MVS operating between Rotterdam and Duisburg with 
containers) and € 196,973 (push boat with ore between Rotterdam and Duisburg) 

- Scenario € 0.17: € 52,798 and € 669,707 
- Scenario € 0.27: € 83,855 and € 1,063,653 
- Scenario € 0.35: € 108,701 and € 1,373,809 
 

Costs and benefits 
Based on the average fuel consumptions (and resulting, the average savings in fuel costs) for each of 
the vessel types, the application of LNG is particularly (economically) feasible for the larger push 
boats on the Rhine as well as on the Danube. Although the particularly high investment costs for 
these vessel types, there is an ROI for almost every configurations, except for the worst-case 
scenario of € 0.05 price difference. A limitation of the application of LNG on this vessel type is that 
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it is currently not expected to be possible to apply LNG on existing push boats. The positive business 
case of the application of LNG configurations on push boats is also reflected in the particular 
representative journeys which are operated with push boats (the 1st Rhine journey (Rotterdam-
Duisburg with ore) and the Danube journeys). 
 
On the contrary, for the two (average) types of 135 metre motor tank vessels, there is no positive 
business case in any of the situations. This is mainly caused by the (relatively low) average annual 
fuel consumption, which can be seen if it is compared with the analysis for the representative 
journeys. Two representative journeys are operated by 135 metre motor tank vessels, Rotterdam-
Karlsruhe with oil (the 3rd Rhine journey) and Amsterdam-Rotterdam with oil (the 9th Rhine 
journey). On these journeys, there are – in three price scenarios – positive business cases for the 
application of a dual-fuel LNG configuration.  
 

Required fuel consumption for a positive return on investment 
As shown by the last example, it is important to notice that the fuel consumptions under the vessel 
types are averages. Most interesting is the application of LNG for inland vessels with a high fuel 
consumption. This can be seen in the assessment of the application on the representative journeys, 
in which the annual fuel consumption is relatively higher than the averages of the respective vessel 
types. In the worst-case price scenarios (with only € 0.05 price advantage on one litre regular 
gasoil), for a dual-fuel engine (with a tank above deck or on a newly built vessel) an annual fuel 
consumption of at least 2,400 m3 is needed (for a push boat with four/six barges even more than 
3,600 m3). In this scenario, earning back the investment is unlikely for inland vessels. In the best 
case scenario (price advantage of € 0.35), an annual fuel consumption of at least 340 m3 is needed 
(push boat with four/six barges: around 525 m3).  
 

Net present value per fuel consumption 
If the discount rate is taken into account, the fuel consumption needs to be higher to get a positive 
business case. For that reason, Figure 42 and Figure 43 show the NPV for a dual-fuel LNG engine 
configuration with the annual fuel consumption (in m3) with the tank installed above deck. These 
are calculated for two vessel types, a 110 metre motor tank vessel and the push boat with four/six 
barges, as they have respectively the lowest and highest investment costs for the application of this 
engine configuration. The red lines indicate the average fuel consumption for the respective vessel 
types (a MTS 110 m and a push boat with four barges and one with six barges).    
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Figure 42: NPV for dual-fuel LNG engine configurations (tank above deck) for a MTS 110m (left) with fuel consumption (in 
m3) and average fuel consumption (red line) 

 
 
 

 
Figure 43: NPV for dual-fuel LNG engine configurations (tank above deck) for a Push Boat with 4/6 barges (right) with fuel 
consumption (in m3) and average fuel consumption (red line, left with 4, right with 6 barges) 

These figures show that in the worst-case price scenario, there is no positive business case for the 
application of LNG. For both vessel types, even with an annual fuel consumption of 3,000 m3, the 
net-present value is negative in this scenario. If the price difference is € 0.17 or higher, a fuel 
consumption of 1,000 m3 per year is sufficient for a 110 metre motor tank vessel to get a positive 
business case. With that amount of fuel consumption, the NPV amounts between around € 970,000 
negative (price difference: € 0.05) and around € 1.7 million positive (price difference: € 0.35). For 
the push boats with 4/6 barges, this is 1,400 m3.  
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Comparison annual costs LNG with SCR+DPF 
The comparison made in this analysis has been done as added costs of replacing of a current 
common (diesel) engine configuration by that of an LNG configuration. This comparison is not 
entirely fair as the environmental benefits of these LNG configurations are higher than the current 
diesel configurations. A comparison with future NRMM Stage V type approved diesel engines will give 
a fairer comparison. Currently, the costs of these engines are not known. Alternatively, a cost 
comparison can be made with other emission reducing technologies, for example the application of 
SCR and DPF.  
 
The application of SCR and DPF was done in the ex-ante cost/benefit analysis by Multronic et al. 
(2015). The annual costs in this analysis was seen as the sum of several cost elements: 

- Depreciation costs, resulting from the investment costs divided by the depreciation time;  
- Interest costs, the interest costs for the average book value, in which the interest costs of 

the borrowed capital and the opportunity costs of the equity are included. For both an 
interest or discount rate of 4% was used;  

- Total maintenance cost per year, which is based on the repair and maintenance costs;  
- Urea cost per year. 

 
To make a reasonable comparison, the annual costs for a dual-fuel LNG engine configuration is 
calculated to more or less similar types of costs: 

- Depreciation costs, resulting from the investment costs divided by the depreciation time. In 
this case, the twelve years which is accepted as the maximum payback period; 

- Interest costs, the interest costs for the average book value, in which the interest costs of 
the borrowed capital and the opportunity costs of the equity are included. For both an 
interest or discount rate of 4% was used; 

- Minus the benefits in fuel consumption (best case and worst case scenario) 
 
These annual costs are compared with each other in Figure 44, in which the annual costs of applying 
SCR+DPF are subtracted from the annual costs of applying LNG. So, if it is negative, then the annual 
costs of SCR+DPF are higher than the annual costs of LNG (and positive, then the annual costs of 
LNG are higher than the annual costs of LNG). In this graph, the light blue shows a price difference 
of € 0.05 and the dark blue shows a price difference of € 0.35.  
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Figure 44: Annual costs of a dual-fuel LNG configuration (tank above deck) compared to annual costs SCR-DPF (on an CCNR-II 
approved high speed engine) (positive is more costs for LNG, negative is more costs for SCR+DPF 

Based on the average fuel consumption, in the scenario of € 0.35 price difference, the annual costs 
of using LNG are lower than those of applying SCR+DPF for the several types of push boat, the 
coupled convoy and the motor vessel (dry cargo) of 135 metres. In the scenario of € 0.05 price 
difference, the annual costs for LNG are only lower for the push boat with six barges. 
 

Recommendations: Comparing costs per units of emission reduction with external cost reduction 
An important factor for the application of LNG is the environmental benefits in the reduction of 
CO2, PM and NOx. The environmental benefits result in the reduction of the external costs. Needed 
to take into account in this analysis is the environmental cost in the increase of CH4 emissions. 
Karaarslan (2017) gives a good initial overview of the environmental benefits of the application of 
LNG in the reduction. This uses the methodology for calculating the external costs as given 
Handbook on estimation of external costs in the transport sector (CE Delft et al., 2008) and its 
update for 2008 (CE Delft et al., 2011). Taking 2008 as base year the external costs per tonnes are 
given in Table 14 for the countries of the representative journeys. 
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Pollutant PM2.5 (exhaust) PM10 (non-exhaust) NOx 
Region type Metropolitan Urban Non-urban Metropolitan Urban Non-

urban 
 

Source HEATCO UBA/ 
HEATCO 

HEATCO HEATCO UBA/ 
HEATCO 

HEATCO NEEDS 

Country        
Austria € 482,200 € 155,900 € 80,700 € 192,900 € 62,400 € 32,300 € 13,600 
Belgium € 483,400 € 156,000 € 104,400 € 193,400 € 62,400 € 41,700 € 8,700 
Bulgaria € 70,500 € 22,700 € 18,100 € 28,200 € 9,100 € 7,200 € 7,100 
France € 438,600 € 141,200 € 87,700 € 175,500 € 56,500 € 35,100 € 10,500 
Germany € 430,300 € 138,800 € 83,900 € 172,100 € 55,500 € 33,600 € 12,700 
Hungary € 288,900 € 93,000 € 74,100 € 115,600 € 37,200 € 29,600 € 12,400 
Netherlands € 485,000 € 156,500 € 94,800 € 194,000 € 62,600 € 37,900 € 8,800 
Romania € 49,100 € 15,800 € 12,600 € 19,700 € 6,300 € 5,000 € 9,700 
Slovakia € 293,900 € 94,100 € 79,400 € 117,600 € 37,600 € 31,700 € 11,000 
Switzerland € 498,700 € 160,500 € 82,400 € 199,500 € 64,200 € 33,000 € 19,300 

Table 14: External costs in €/tonne (CE Delft et al., 2011) 

Recommendation: Price scenarios and the distribution in fuel consumption 
There are some limitations to this analysis. One of these limitations is that the analysis is based on 
averages. This provides a valuable first insight in the economic feasibility for the vessel types with 
average fuel consumption. While within each of the groups of vessel types, there are vessels with 
fuel consumptions and installed power that deviate from the averages of their groups. The group of 
vessels with a relatively higher fuel consumption is the candidate for which the application of LNG 
configurations is economically the most feasible. For that reason, it is also important to analyse the 
distribution in fuel consumption in vessel type groups. Another option is to determine the potential 
among the individual inland vessels, as was done in the quantitative analysis by STC NESTRA in 
cooperation with EICB (2016). 
 
Another limitation is the fact that the analysis included scenarios for the price difference between 
LNG and regular gasoil, however only taken into account static investment costs for the LNG 
configurations. The range of scenarios for the price difference is relatively broad and will cover 
most likely the future price developments. However, the investment costs are calculated based on 
current expert knowledge with the present prices. Future developments as well as the creation of a 
scale can result in a price development, for which scenarios should be elaborated. 
 

Recommendation: Validation of this cost/benefit analysis 
As this analysis shows a first calculation for the costs, benefits and effects of applying LNG on an 
inland vessel, the data should be validated during the further activities in the PROMINENT project 
and with studies performed in other projects. In the pilots especially the effects of reducing 
emissions to the level of NRMM Stage V or even beyond will be studied. These effects should be 
assessed on the costs of (possible) additional measures and the benefits of these measures. 
Especially, costs excluded from this analysis, such as possible extra costs of repair and maintenance 
(compared to conventional configurations) should be included. In a further analysis, also the effects 
of the loss of cargo capacity and e.g. the extra time required for bunkering LNG can be taken into 
account. 
  
This will give a valuable insight into the technical as well as the economic feasibility of the 
application of LNG configurations. The pilots, outcomes of other projects and the validation among 
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suppliers, end-users and other experts will be the basis of updating these data for the ex-post cost 
benefit analysis, which will be performed in WP6.  
 

Recommendation: Focus on the stimulation of environmental benefits in the policy recommendations 
As this ex-ante cost effectiveness analysis shows that there is currently not yet a positive business 
case for the application of after-treatment, and that for assessing the effectiveness in reducing NOx 
and PM emissions, it is important to also take the external cost reduction into account. It will be an 
interesting focal point for the policy recommendations, if there is a possibility to monetise this 
environmental benefit of the application of emission-reduction technologies. One of the options is a 
discount on the port dues, which is already provided in some of the ports, however provides a 
limited benefit. 
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A1. Cost overview per vessel type 
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