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ABSTRACT 
 
Inland waterway vessels are considered the cleanest land based transport mode in 
terms of its CO2 emissions on a per ton-km basis. However other modes are quickly 
catching up and speeding up is needed to maintain the IWT green character. For some 
emission categories (NOx, PM), road transport is already outperforming IWT. One 
reason for IWT to lag behind other modes is the long technical and economic lifetime of 
ships, which can easily extend 50 years. The replacement rate of the fleet is therefore 
rather low. This means, by modernising just through replacing older vessels by newer 
ones, the sector may become bypassed by other transport sectors soon. Therefore, 
action is needed targeting the existing IW fleet. To improve the performance of the 
inland waterway sector especially the existing fleet should be modernized. Currently 
there is insufficient knowledge about how to modernize the inland waterway fleet 
efficiently.  
 
The MoVe IT! project aims to develop concrete applications that can be installed on 
existing ships. WP 6 focuses on the most common old vessels in the fleet. WP6 can be 
split in two clusters. The first cluster analyses the options to improve the competitive 
position of relatively small vessels in the fleet (CEMT II and III) by lengthening them 
(with a goal to reach CEMT IV). The second cluster assesses new market opportunities 
for single hull tankers. This report is the last step of the first cluster where the economic 
and environmental feasibility of the lengthening steps are assessed. 
 
Lengthening of small inland vessels (by contemporary standards) is found to be 
economically feasible. It seems that vessels that fall within the CEMT II and III class can 
benefit of this retrofit option, as is shown from the business cases for the MV Hendrik 
and the MV Rheinland conducted in this task. Based on the analysis done and also in 
line with the results of the lengthening done in WP 7.2, inland vessels already need to 
have a critical mass to ensure that the lengthening will be economically feasible. If a 
vessel is too small, as is the case for e.g. the MV Rheinland, lengthening will be less 
feasible, especially when the vessel is only lengthened with 6 metres. To make 
lengthening a feasible option the benefits need to outweigh the investment costs. 
 
From an economic and environmental perspective it seems feasible to install a propeller 
in nozzle instead of a naked propeller. The propeller in nozzle is able to reduce the fuel 
consumption and therefore the impact of CO2 emissions. To have full economical and 
environmental effects, the speed should be reduced, but speed reduction has a cost too 
and is not as easy as it sounds. 
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For each of the five lengthening options, the main economic advantages and drawbacks 
were identified by the Move-IT WP6 partners jointly with the ship operators and checked 
with the technical partners to ensure consistency and reliability. 
 
From tasks 6.1, 6.2 and 6.3 cost estimates for the lengthening, impacts on maintenance 
costs and effects on fuel consumption were provided. These estimates are the basis of 
the analyses made to assess the feasibility of each lengthening option. For each vessel 
several options are calculated, and the results are compared to the reference situation. 
The payback time of the investment is calculated as well as other indicators, i.e. the 
internal rate of return (IRR) and the net present value (NPV). 
 

1.3 Results and Achievements 
Lengthening of small inland vessels (by contemporary standards) is found to be 
economically feasible. It seems that vessels that fall within the CEMT II and III class can 
benefit from this retrofit option, as is shown from the business cases for the MV Hendrik 
and the MV Rheinland conducted in this task. Based on the analysis done and also in 
line with the results of the lengthening done in WP 7.2, inland vessels already need to 
have a critical mass to ensure that the lengthening will be economically feasible. If a 
vessel is too small, as is the case for e.g. the MV Rheinland, lengthening will be less 
feasible, especially when the vessel is only lengthened by only 6 metres. To make 
lengthening a feasible option the benefits need to outweigh the investment costs. 
 
From an environmental perspective it seems desirable to install a propeller in nozzle 
instead of a naked propeller, which is commonly found on old inland ships. The propeller 
in nozzle is able to reduce the fuel consumption and therefore the amount of CO2 
emissions. To have more effect of the propeller in nozzle the vessel should also reduce 
its speed. In this case the implementation of the nozzle is most effective. 
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them. The second cluster assesses new market opportunities. WP6 consists of seven 
tasks and an 8th task (task 0) that was added after the start of the project: 

New scales 
0. Added Task – concentrates on identification of vessels that should be lengthened 

(6.0); 
1. Focus on ship structure, especially lengthening (6.1); 
2. Impact of ship lengthening on manoeuvring (6.2); 
3. Impact of ship lengthening and repowering on powering requirements (6.3); 
4. Synthesizing the outcomes of the previous tasks and assessing the economic 

and environmental impacts (6.4). 
 

New services 
5. Evaluating technical solutions to adjust to climate change (6.5); 
6. Evaluating possibilities for the transport of CO2 (6.6); 
7. Evaluating new markets for single hull tankers (6.7). 

 

2.2 Aim of task 6.4 
The aim of this task is twofold: on the one hand the consequences on the costs and 
benefits once the vessel is modernized need to be estimated and on the other hand the 
environmental impact of the modernizing needs to be assessed. In task 6.1 two example 
vessels were selected, the Hendrik and Rheinland, which may be considered examples 
of the types of vessels that should be lengthened. These vessels are used to carry out 
the first part of WP 6 (tasks 6.2 to 6.4). For each of the two vessels several lengthening 
steps, their impact on manoeuvrability and the associated powering requirements were 
assessed.  
 
Each lengthening step will impact the business case of the ship owner. Not only does 
the economic profile of the vessel change; there might also be an impact on the 
logistical operations of the vessel. To analyse the impacts of the retrofit options the 
current operational profile of the vessel is compared with the expected operational 
profile once a certain retrofit option is implemented. Also the payback period of the 
investment is considered.  
 
Also the environmental impact will change once the vessel is lengthened. To assess the 
environmental impact the change in environmental performance is compared to the 
current performance of the vessels. As no details on the operating profile and current 
environmental performance were known to the Consortium some expert judgements 
were made in order to carry out both the economic and environmental assessment.  
 
The result of task 6.4 is an overview of the impacts of the different lengthening steps 
considered. The approach chosen within WP6 is considered classical and while two 
typical class II and III vessels were chosen, it is assumed that the conclusions derived 
apply to other similar vessels as well. It is noted that apart from the technical 
characteristics also the operational profile has a large influence on the economic 
viability.  
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2.3 Structure of the report 
Chapter 3 describes the methodology used to assess the economic feasibility of the 
proposed retrofit options. The main assumptions are presented as well as the evaluation 
criteria. The chapter also describes the methodology used to assess the environmental 
performance of the vessels considered.  
 
The remaining of the report is divided into two parts that each have the same structure. 
Part A focuses on the larger inland vessel, Hendrik, and part B describes the smaller 
inland vessel assessed, the Rheinland. For both vessels a general description is 
provided (chapters 4 and 8), the proposed retrofit options are described (chapters 5 and 
9), the economic assessment is described (chapters 6 and 10) and the environmental 
assessment is carried out (chapters 7 and 11). Chapter 12 provides the main research 
findings and in chapter 13 the literature used is presented.  
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General assumptions 
Several general assumptions are made, which apply to all shipping companies and all 
retrofit options. 
 
The first assumption relates to the time horizon used to calculate the effects. Apart 
from the investments costs, which occur only once, all other costs components are 
recurring. Some of them recur every year, e.g. the casco insurance premium and wages 
of employees, while other cost components only occur every two or three years, e.g. 
large maintenance costs. The time horizon chosen is set at 25 years.  
 
The second assumption relates to the discount rate. All future costs or benefits are 
expressed in their present value, so all effects will be discounted to the year of 
investment. The year of investment is assumed to be 20162. By discounting the costs 
and effects, costs and effects later in time count less heavily than costs and effects 
made earlier in time. The discount rate used in the analysis is 5.5%.  
 
The third assumption relates to the prices used. All effects will be expressed in Euros, 
and data obtained in other currencies are converted to Euros. The effects will all be 
expressed in real prices and the price level used is price level 2013.  
 

Main effects – direct effects: 
• Investment costs: One of the most important aspects in the economic 

evaluation is the investment costs needed to obtain the new retrofit option. For 
each of the options the partners with technical expertise have estimated the 
investment costs. It is assumed that the investment costs will all fall in one year 
and can be qualified as one-of costs; 

• Maintenance costs: Closely related to the investment costs are the additional 
costs for maintenance. Installing a new engine or place a new rudder 
arrangement might cause an increase of the maintenance costs. It is assumed 
that maintenance related to the retrofit installation is needed every couple of 
years, and assumptions on this are made for each option. This means associated 
costs are included in the analysis using the assumed frequency (e.g. every 2 
years, 3 years, etc.).  

 

Main effects – operational profile 
• Fuel consumption: Depending on the retrofit option chosen, fuel consumption of 

the vessel may increase or decrease. Most of the technical improvements 
suggested in the previous Work packages will result in a decrease of the fuel 
consumption of the vessel, resulting in a lower fuel bill, assuming that fuel prices 
remain constant. However some options, e.g. lengthening of the vessel, will 
increase the fuel consumption and therefore increase the fuel bill. For estimating 
the fuel prices the CBRB Gas oil circulars for inland shipping are used; 

                                            
2 The MoVe-IT project ends in November 2014. It is assumed that companies need 2015 to ensure financing, 

make arrangements, e.g. reserve yard space and decide on the retrofit options. The first possible year of 
investment is 2016. 
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• Insurance costs: In inland shipping there two important types of insurances; the 
casco insurance or the hull and machinery insurance (H&M) and the protection 
and indemnity insurance (P&I). For the economic evaluation the casco insurance 
is the most important one, because the modernisation of the vessel will influence 
the height of the casco insurance. Insurance costs may increase if a technology 
is implemented that is much more expensive then the systems in place in the 
reference situation. On the other hand as it may concern a replacement by a 
newer and more reliable system, in some cases perhaps premiums can be 
reduced, because the chance of failure had reduced; 

• Capital costs: The financial picture of the company can change due to the 
retrofitting of the vessel. To finance a retrofit option it is assumed that the 
shipping company has to obtain an additional loan from a bank or from another 
investor. The interest costs will probably increase and the company faces higher 
financing costs than before.  

 

Additional effects 
• Cargo volumes: Cargo carrying capacity can change due to the retrofit 

modernization of the ship. For most proposed retrofit options this effects will be 
limited, as cargo capacity or sailing speeds will not change. However in case the 
vessel is lengthened the ship’s capacity will increase allowing larger volumes to 
be transported, resulting in a revenue increase (assuming sufficient demand). On 
the other hand some other retrofit options may cause a (slight) reduction of the 
cargo capacity of the vessel; 

• Labour costs: labour costs could be affected by the modernisation of the vessel. 
This could concern the need for hiring additional personnel to comply with current 
legislation, or the need for additional training, which brings (temporary) additional 
costs. The first impact may occur when a vessel is lengthened, and if a threshold 
in manning regulations is passed, additional crew is required. On the other hand 
the retrofit option can require additional skills of the employees for which and 
additional training is required.  

 

3.1.1 Assessing different economic scenarios 
As assumptions are made which are uncertain, while the base case development may 
also be uncertain (e.g. how will the IW market develop, what will the level of fuel prices 
be in future years, etc.), for each ship/retrofit option combination, multiple scenarios will 
be tested. Generally we assess a baseline scenario (e.g. applying the middle 
assumptions on costs and impacts), a high, and a low scenario (using the range ends of 
costs and impacts estimated. These will be presented as sensitivity tests on the 
baseline scenario. 
 
As the uncertainties on assumptions vary between the ships and retrofit options, no 
standard scenarios for all ships are developed, but the baseline and alternative 
scenarios are made for each ship/retrofit option specifically. However general inputs 
such as interest rates, residual values or fuel prices are applied similar for all ships. 
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3.2 Methodology for assessing environmental impacts 
The second aim of task 6.4 is to assess the environmental impact of the retrofit options 
proposed in tasks 6.1 – 6.3. The emissions considered in the assessment are: 

• Carbon dioxide (CO2); 
• Nitrogen oxide (NOx); 
• Particular matter (PM); 
• Hydrocarbon (HC); 
• Carbon monoxide (CO); 
• Sulphur dioxide (SO2). 

 
The emissions are related to the change in fuel consumption and are compared to the 
situation without any retrofit option. The emissions are presented as yearly values and 
values related to the transport performance in ton kilometres (tkm).  
 
Fuel consumption is estimated for all lengthening options considered. Also a distinction 
is made between the fuel consumption in case the vessel uses a naked propeller and 
the fuel consumption in case the vessel has a propeller with nozzle.  
 
The fuel consumption and therefore the emissions will increase due to lengthening of 
the vessel as the vessel requires more power to achieve the same performance. Taking 
only this aspect into account lengthening might not be a desirable option from an 
environmental point of view. However not only the fuel consumption of the vessel 
changes, but also the cargo carrying capacity will increase significantly. Due to this 
increase in cargo carrying capacity the relative values (kg emission / tkm) can be lower 
than without lengthening of the vessel. This can make lengthening, also from an 
environmental perspective, a more favourable option than doing nothing.  
 
The total emissions per year are determined using the following equation: 
ଵ௬௘௔௥ܧ   ൌ ܥܨ כ  ܨܧ
 
where FC is the total fuel consumption per year in kg and EF is the respective emission 
factor given in kg/fuel for CO2 and g/fuel for all other emission factors. The factors used 
are based on the factors used in other studies. The factors are the same factors that are 
used in the environmental assessment in WP7. The following table shows the factors 
used in this study. 
 
Table 3.2 Emission factors for inland waterway vessels 
CO2 NOx PM HC CO SO2 Source 
kg / kg fuel g / kg/fuel g / kg/fuel g / kg/fuel g / kg/fuel g / kg/fuel  
       
3,175 57 0,83 3,4 6,5 0,02 VBD, 2001 
3,173 46 2,116 5,1 19 0,02 TNO, 2010 
Source: VBD (2001) and TNO (2010). 
 
It is noted that the differences between TNO and VBD (now DST) data is large. 
Reasons for deviations are the uncertainty associated with PM measurements as well 
as the fact that the emission factors are average values over different power classes of 
engines. In this study the TNO figures will be the leading factors as the study is more 
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recent. For more information on the methodology used, please see Deliverable 7.3 
‘Environmental impact’. 
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Table 5.2 Summary of costs per lengthening step for MV ’Hendrik’ 
  Loa 

76m
Loa 
82m

Loa 
88m 

Loa 
90m 

Loa 
95m

Lengthening step ΔL (m) 6.0 12.0 18.0 20.0 25.0
New hull section (€) 35.000 88.000 126.000 142.000 178.000
Upgrade existing parts (€) 18.000 18.000 18.000 18.000 18.000
Hatch cover (€) 10.000 20.000 30.000 33.300 41.700
Total (€) 64.000 126.000 175.000 193.300 237.700

Costs per meter of the new 
section (steel) 

(€/m) 10.500 10.500 9.700 9.700 9.500

Costs for additional modification 
(structure) 

(€/m)  1,000 1,900

Costs per meter of the new 
section (dry dock per week) 

(€/m) 1,200 600 400 400 300

Total cost per m (€/m) 11,700 11,100 10,100 11,100 11,700
Source: Move-it WP 6, task 6.1 final report. 
 
In task 6.1 it was concluded that, although the lengthening steps Loa 90m and Loa 95m 
are technically feasible, they are too comprehensive as a retrofit option, because 
various additional changes in the structure of the forward and aft part of the vessel 
would be needed to meet GL requirements. Therefore these options are rather complex 
ones and are no longer considered in the remaining part of the analysis; see the task 
6.1 report for further details.  
 

5.2 Manoeuvrability 
Manoeuvrability and the impact of lengthening of the vessel on the manoeuvrability is 
the main focus of task 6.2. To establish the effect of lengthening on a vessel’s 
manoeuvrability four different tests were conducted: 

1. Combined turning circle / pull-out manoeuvres; 
2. Standard zigzag manoeuvres; 
3. Evasive manoeuvres; and 
4. Crash stop manoeuvres. 

 
The analysis was carried out for three different lengths of the vessel. The first length is 
the original length of 70.0 metres and the tests were also done for lengths of 82 metres 
and 95 metres. All tests are carried out for different water levels, to establish the effects 
in deep water as well as shallow water. The depths considered were 3.5 m, 5 m, and 20 
m. On top of that different speed levels were taken into account and each test was 
carried out for a speed of 10 km/h and 13 km/h. 
 
The lengthening of the vessel was found to have no significant impact on the turning 
ability and directional stability of the vessel (the combined turning circle and pull-out 
manoeuvres). In shallow water the turning ability of the vessel is worse, but to improve 
the turning ability the vessel could decrease it approach speed. Further no 
improvements are needed. The same conclusions are drawn for the yaw checking ability 
and the initial turning ability (zigzag manoeuvres). 
 



WP 6: New scales and services 
 

 

25/57 

Lengthening of Hendrik has a small influence on the evasive manoeuvring ability. In 
shallow water the capabilities of the vessel are reduced and to solve the problem the 
rudder dimensions and characteristics could be improved. The lengthening does not 
affect the stopping ability (crash stop manoeuvres) of the vessel and no action is 
needed with regard to the stopping ability of the vessel. 
 

5.3 Powering 
In task 6.3 the influence of lengthening the vessel on the powering arrangement is 
analysed. The Hendrik is a single-propelled vessel, with a SKL 660 PK 6 NVD 48 – 2U 
engine. The vessel has one naked propeller with diameter of 1.5 metres. 
 
It is estimated that the maximum speed of the vessel with its initially installed engine is 
19.5 km/h, however the vessel hardly sails at maximum speed. In the analysis not only 
the effect of the lengthening on the required power is analysed, but also the water depth 
is considered.  
 
The lengthening itself does not significantly influence the power needed to achieve a 
certain speed. Therefore the same power train (engine, gearbox and propeller) was 
considered for all lengthening steps. It should be noted that the power train is renewed 
in the analysis, but the technical specifications remain more or less the same. 
 
Speed reductions of 1 to 2 km/h as result of the lengthening might occur in case the 
water depth changes. In shallow water (from deep to h= 5m and then from 5m to 3.5 m) 
the speed reduction of Hendrik is around 4 km/h. In very shallow water the maximum 
speed is even further reduced due to squat. The maximum allowed speed for the vessel 
is 13 km/h for h=5 m and 8 km/h for h=3.5 m.  
 
The installation of a propeller in nozzle will improve the propulsive efficiency compared 
to the naked propeller. The expected improvement is around 10% which can increase 
the speed for 1 km/h. 
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that the fuel consumption used only compromises the main engine. The 
consumption of the auxiliary engines will not change as a result of the 
lengthening. Therefore, to calculate the fuel increase only the fuel consumption of 
the main engine is considered. 

 
3. To lengthen the vessel, the vessel needs to go in dry-dock for 4 weeks. It is 

assumed that the vessel performs one round trip per week, for instance between 
Nurnberg and Regensburg in Germany. Therefore the vessel will miss 4 round 
trips and its related revenues. 

 
4. Inland vessels are often not fully loaded. The Hendrik was compared with other 

vessels sailing on the Rhine and it is assumed that the load factor of the vessel is 
75%. This is more or less equal to the load factors of similar vessels. It is 
assumed, that also when the vessel is lengthened, the vessel will not be fully 
loaded. According the task 6.1 the additional cargo capacity for Loa 76 m is 127 
tons, for Loa 82 m is 259 tons and for Loa 88 m is 388 tons. For the additional 
capacity it is assumed that 75% will be used, equalling 95, 192 and respectively 
289 tons (assuming there is sufficient demand). 

 

6.3 Results of economic assessment 
The economic assessment is carried out for two different relative speeds. The first table 
presents the results when a relative speed of 10.0 km/h is used, which is the lowest 
speed considered in the analysis. The upstream speed equals 5.0 km/h and the 
downstream speed 15.0 km/h. A distinction is made between the option of only 
lengthening the vessel with 6, 12 or 18 metres and the option of also changing the 
propeller from a naked propeller to a propeller in nozzle. 
 
Table 6.4 Outcome of economic assessment for relative speed of 10.0 km/h 
 Loa 76m Loa 82m Loa 88m 
 Naked 

propeller 
Propeller 
in nozzle 

Naked 
propeller 

Propeller 
in nozzle 

Naked 
propeller 

Propeller 
in nozzle 

NPV (x 1000) € 791 € 801 € 2,073 € 2,091 € 3,355 € 3,383
IRR 23% 21% 53% 48% 93% 83%
Payback time 6 years 6 years 3 years 3 years 2 years 2 years
 
As the table shows most retrofit options are economically feasible with a maximum 
payback period of 5 years. Lengthening the vessel with only 6 metres has a payback 
period of six years. These options will not be feasible from a ship owner’s perspective 
and these options will probably not be chosen. According to interviews held with 
different ship owners their desirable payback period is between 3-4 years as a 
maximum. If this criterion is followed only the lengthening option of 76 m with a propeller 
in nozzle is not a feasible option for them. However it should be noted that one the 
economic climate is improving this might be a viable option as well.  
 
The same analysis was carried out for the higher relative speed of 14.4 km/h. The 
upstream speed in this situation is 9.4 km/h and the downstream speed equals 19.4 
km/h. The results are shown in the following table. 
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Table 6.5 Outcome of economic assessment for relative speed of 14.4 km/h 
 Loa 76m Loa 82m Loa 88m 
 Naked 

propeller 
Propeller 
in nozzle 

Naked 
propeller 

Propeller 
in nozzle 

Naked 
propeller 

Propeller 
in nozzle 

NPV (x 1000) € 760 € 835 € 2,011 € 2,093 € 3,264 € 3,356
IRR 22% 22% 51% 48% 89% 82%
Payback time 6 years 6 years 3 years 3 years 2 years 2 years
 
The results of this analysis are more or less similar to the results of the analysis with a 
relative speed of 10.0 km/h. Also in this analysis all options are economically feasible. 
However ship owners will probably not use for the lengthening options of 76 metres as 
the payback period is beyond their desired pay back periods.  
 

6.4 Sensitivity analyses 
The following tables show the outcome of the sensitivity analyses carried out for the 
lengthening options. All analyses are carried out for a relative speed of 10.0 km/h which 
is probably the speed most often used. The first analysis carried out focuses on 
lengthening the vessel by 6 metres and the installation of a propeller in nozzle. This 
option is chosen as it is the option with the longest payback period. Changes in fuel 
price, investment costs or transport prices might make this option a less desirable one. 
Each of these effects is considered separately and a worst case and best case scenario 
are presented.  
 
Table 6.6 Outcome of sensitivity analysis Loa 76 m and propeller in nozzle (relative speed 
10.0 km/h) 
  Investment costs Fuel price Transport price 
 Base 

case 
-20% +20% -10% +10% -25% +25%

NPV (x 
1000) 

€ 801 € 880 € 723 € 798 € 805 € 505 € 1,098

IRR 21% 26% 18% 21% 21% 16% 26%
Payback 
time 

6 years 5 years 7 years 6 years 6 years 8 years 5 years

 
The sensitive analysis shows that this retrofit option is most sensitive to changes in the 
investment costs and transport price. The option becomes less attractive once the 
investment costs increase by 20% or the transport prices drop by 25%. In these cases 
the payback period will be seven respectively eight years and ship owners indicated that 
the desirable payback period is 3 to 4 years. However if the investment costs decrease 
or the transport prices increase it become more attractive to invest in this option as the 
payback period is shortened to five years in both scenarios. It seems that this retrofit 
option is not very sensitive for changes in the fuel price as the pay back remains the 
same in both situations.  
 
The same sensitive analysis was done for lengthening the vessel with 6 metres, but 
without changing the propeller arrangement.  
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Table 6.7 Outcome of sensitivity analysis Loa 76 m and naked propeller (relative speed 
10.0 km/h) 
  Investment costs Fuel price Transport price 
 Base 

case 
-20% +20% -10% +10% -25% +25%

NPV (x 
1000) 

€ 791 € 859 € 722 € 793 € 788 € 494 € 1,087

IRR 23% 28% 19% 23% 23% 17% 28%
Payback 
time 

6 years 5 years 7 years 6 years 6 years 8 years 5 years

 
According to the sensitivity analysis carried out this option is also sensitive to increases 
in investments costs and decrease in transport prices. The conclusions are more or less 
the same as for the option reviewed above. The pay back periods are the same as the 
ones found in the above mentioned sensitivity analysis. It seems that also this option is 
insensitive to changes in the fuel price. 
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vessel is sailing on long distances it is assumed that the vessel will wait for cargo 
instead of sailing empty. Therefore it is assumed that the vessel will carry cargo on all its 
30 single trips. However the vessel will not be fully loaded. 
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the effects in deep water as well as shallow water. The depths considered were 3.5 m, 5 
m, and 20 m. Also different speed levels were considered and each test was carried out 
for a speed of 10 km/h and 13 km/h. 
 
The lengthening of the vessel has no significant impact on the turning ability and 
directional stability of the vessel (the combined turning circle and pull-out manoeuvres). 
In shallow water the turning ability of the vessel is impaired, but to improve the turning 
ability the vessel could decrease it approach speed. No further improvements are 
needed. The same conclusions are drawn for the yaw checking ability and the initial 
turning ability (zigzag manoeuvres). 
 
Also the lengthening of Rheinland has no influence on the evasive manoeuvring ability 
(evasive manoeuvres) and the stopping ability (crash stop manoeuvres) of the vessel 
and no action is needed. 
 

9.3 Powering 
In task 6.3 the influence of lengthening the vessel on the powering arrangement is 
analysed. The Rheinland is a single-propelled vessel, with a Deutz 375 hp TAMD 163 C 
engine. The vessel also has one propeller with a propeller diameter of 1.0 metres. The 
propeller has no nozzle. 
 
It is estimated that the maximum speed of the vessel is 17.8 km/h, however the vessel 
hardly ever sails at maximum speed. In the analysis not only the effect of the 
lengthening on the required power is analysed, but also the water depth is considered.  
 
The lengthening itself does not significantly influence the power needed to achieve a 
certain speed. Therefore the same power train (engine, gearbox and propeller) was 
considered for all lengthening steps. It should be noted that the power train is renewed 
in the analysis, but the technical specifications remain more or less the same. 
 
Speed reductions of 1 to 2 km/h as result of the lengthening might occur in case the 
water depth changes. In shallow water (from deep to h= 5 m and then from 5 m to 3.5 
m) the speed reduction of Rheinland is around 2 km/h. In very shallow water the 
maximum speed is even further reduced. The maximum allowed speed 10 km/h for 
h=3.5 m.  
 
The installation of a propeller with nozzle will improve the propulsive efficiency 
compared to the usage of a naked propeller. The expected improvement is 10% which 
increases the max. speed up to 1 km/h.  
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For both options it is considered that the time at yard is four weeks. The time at yard will 
not change due to lengthening as the lengthened part is pre-produced at the yard and 
once the vessel is in dry dock the total length of the new part is irrelevant for the time 
the vessel needs to be at the yard. 
 
It is assumed that the additional insurance costs are the same for all lengthening steps 
and will increase the initial insurance costs by 10%.  
 
Table 10.2 Overview of input data 
 Loa 63.5 m Loa 69.5 m 
Investment costs € 267,600 € 297,600 
Time at yard 4 weeks 4 weeks 
Maintenance costs € 0 € 0 
Additional ship capacity (ton) 78 156 
Δ insurance costs + 10% +10% 
 

10.2.1 Specific assumptions 
1. It is assumed that the vessel transports bulk, e.g. agricultural products. For each 

of these commodities a transport price per ton of € 17 is considered7. 
 

2. In case of lengthening the fuel consumption will rise. As no information is 
available for the fuel consumption of the main and auxiliary engine it is assumed 
that the fuel consumption used only compromises the main engine. The 
consumption of the auxiliary engines will not change as a result of the 
lengthening. Therefore, to calculate the fuel increase only the fuel consumption of 
the main engine is considered. 

 
3. To lengthen the vessel, the vessel needs to go in dry-dock for 4 weeks. It is 

assumed that the vessel sails between Budapest and Constanta. If the vessel 
needs to go in dry dock the vessel will miss one round.  

 
4. Inland vessels are often not fully loaded. The Rheinland is compared other 

vessels sailing on the Danube and it is assumed that the load factor of the vessel 
is 75%. This is more or less equal to the load factors of similar vessels. It is 
assumed, that also when the vessel is lengthened, the vessel will not be fully 
loaded. According the task 6.1 the additional cargo capacity for Loa 63.5 m is 78 
tons and for Loa 69.5 m is 156 tons. For the additional capacity it is assumed that 
75% will be used, equalling 59 respectively 118 tons (assuming there is sufficient 
demand).  

 

10.3 Results of economic assessment 
The economic assessment is carried out for two different relative speeds. The first table 
presents the results when a relative speed of 10.8 km/h is used. The upstream speed 
equals 6.8 km/h and the downstream speed 14.8 km/h. A distinction is made between 

                                            
7 Based on expert judgement. 
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the option of only lengthening the vessel with 6 or 12 metres and the option of also 
changing the propeller from a naked propeller to a propeller in nozzle. 
 
Table 10.3 Outcome of economic assessment for relative speed of 10.8 km/h 
 Loa 63.5 m Loa 69.5 m 
 Naked 

propeller 
Propeller in 
nozzle 

Naked 
propeller 

Propeller in 
nozzle 

NPV (x 1000) € 70 € 71 € 298 € 385 
IRR 9% 8% 20% 18% 
Payback time 15 years 16 years 6 years 7 years 
 
As the table shows especially the lengthening of the vessel with 12 metres is a feasible 
option. It should be noted that according to ship owners interviewed even a payback 
period of 6 or 7 years is too long, however if the economic situation improves it might 
become an attractive option. To lengthen the vessel by only six metres is not 
economically feasible as the payback period is 15 respectively 16 years. The 
calculations show that the options with a naked propeller are earned back earlier then 
the options with a propeller in nozzle. These options have higher investment costs, as 
the nozzle needs to be installed, and the maintenance and insurance costs are higher 
as well. The amount of additional cargo does not compensate for this increase in costs 
and therefore it takes longer to earn back the initial investment. 
 
The same analysis was also carried for a relative speed of 14.8 km/h. The upstream 
speed considered is 10.8 km/h and the downstream speed is 18.8 km/h. Also for this 
analysis both the lengthening only option and the option lengthening + propeller in 
nozzle are considered. 
 
Table 10.4 Outcome of economic assessment for relative speed of 14.8 km/h 

 Loa 63.5 m Loa 69.5 m 
 Naked 

propeller 
Propeller in 
nozzle 

Naked 
propeller 

Propeller in 
nozzle 

NPV (x 1000) € -27 € 75 € 190 € 325 
IRR 4% 9% 13% 16% 
Payback time > 26 years 16 years 10 years 8 years 
 
When the vessel sails with a relative speed of 14.8 km/h some options are feasible. 
Lengthening the vessel with 12 metres and installation of a propeller in nozzle is the 
most feasible option. The options where the vessel is lengthened with only 6 metres the 
payback period is not feasible. This is due to the increased fuel consumption. Sailing at 
a higher speed increases the fuel consumption of the vessel considerably and the 
additional cargo capacity does not compensate for the fuel increase. However the 
installation of a propeller in nozzle is beneficial as the payback period has decreased to 
16 years.  
 

10.4 Sensitivity analysis 
The following tables show the outcome of the sensitivity analyses carried out for the 
lengthening options. All analyses are carried out for a relative speed of 10.8 km/h which 
is probably the speed most often used. The first analysis carried out focuses on 
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lengthened the vessel with 6 metres and the current propeller arrangement. This option 
is chosen as it is the option with a longer payback period than desired by the ship 
owner, however with the potential to become an attractive option. Changes in fuel price, 
investment costs or transport prices might make this option a less desirable one. Each 
of these effects is considered separately and a worst case and best case scenario are 
presented.  
 
Table 10.5 Outcome of sensitivity analysis Loa 63.5 m and naked propeller (relative speed 
10.8 km/h) 
  Investment costs Fuel price Transport price 
 Base 

case 
-20% +20% -10% +10% -25% +25%

NPV (x 
1000) 

€ 70 € 116 € 25 € 73 € 69 € -17 € 158

IRR 9% 12% 6% 9% 9% 5% 12%
Payback 
time 

15 years 11 years 21 years 15 years 15 years >26 years 11 years

 
As the analysis shows this lengthening option is most sensitive to changes in the 
investment costs and in changes in transport prices. In case the investment costs 
decrease or the transport prices increases the payback period is shortened from 15 to 
11 years. However if the investment costs increase or the transport prices decrease the 
payback period becomes longer. In case the transport prices drop the ship owner is no 
longer able to earn back his initial investment. 
 
In the second sensitivity analysis the lengthening option of 6 metres and installation of a 
propeller on nozzle is considered. Also in this analysis a change in investment costs, 
fuel prices and transport prices were taken into account. 
 
Table 10.6 Outcome of sensitivity analysis Loa 63.5 m and propeller in nozzle (relative 
speed 10.8 km/h) 

  Investment costs Fuel price Transport price 
 Base 

case  
-20% +20% -10% +10% -25% +25%

NPV (x 
1000) 

€ 71 € 126 € 15 € 68 € 73 € -16 € 158

IRR 8% 11% 6% 8% 8% 5% 11%
Payback 
time 

16 years 12 years 22 years 16 years 16 years >26 years 12 years

 
In this sensitivity analysis the conclusions are the same as for the previous analysis. It 
can be concluded that the effect of installation of a propeller in nozzle is not much 
influenced by changes in fuel prices at the shortest lengthening step. 
 
 



 

 

11 En

11.1 In
The as
describ
of 10.8
averag
differen
downst
a nozz
consum
 
Table 1

 
 

Propelle
naked 

Propelle
nozzle 

 
In the a
data ar

• 5
• 6
• 6

 

11.2 R
In the 
lengthe
environ
on the 
‘naked’
 

nvironm

nput data
sessment 

bed in chap
8 km/h per
e speed a
nt fuel con
tream per 
zle. It sho
mption. 

1.1 Total fu
 

Ship’s
length
(m) 

er: 57 
63 
69 

er: 57 
63 
69 

analysis th
re used: 
57 m:  
63 m:  
69 m:  

Results 
environme

ening + rep
nmental as

relative s
’ propeller.

mental fe

a and as
of the env

pter 2. In t
r journey a
a different
nsumption.
average s

ould be no

uel consum
Re

s 
h 

Upstrea
6.8 km/

2,0
2,1
2,2
1,7
1,8
2,0

e tonne kil

16,134
18,468
20,820

ental asses
placement
ssessment 
speed of 1
. As the fig

easibilit

sumptio
vironmenta
he analysi
and an av
t speed up
 Following
peed and 
oted that t

mption of R
elative spe
am 
h 

Down
14.8 k

000 
147 
294 
735 
882 
000 

lometres p

4,000 tkm;
8,000 tkm;
0,000 tkm.

ssment a 
t of the pro
for only th

10.8 km/h 
ure shows

47/57

ty 

ons 
al performa

s a distinc
verage spe
pstream a

g table sho
per length
the table 

Rheinland i
ed 10.8 km

nstream 
km/h 

919
960

1,055
797
865
919

per lengthe

distinction 
opeller. Th
he lengthe
and in th

s all emissi

W

ance is carr
ction is ma
eed of 14.
and downs
ows the fu
ening step
presents 

in kg for op
m 

Total Up
10.

2,919
3,107
3,349
2,532
2,747
2,919

ening steps

is made 
he figure b
ning option
is case th
ons will inc

WP 6: New

ried out fo
de betwee
8 km/h pe

stream is 
uel consum
p with and 
the absolu

peration of
Relative

pstream 
.8 km/h 

D
1

4,204
4,778
5,333
3,611
4,074
4,481

s are consi

between le
below show
ns in case
he vessel 
crease. 

w scales an

llowing the
en an aver
er journey.
used, resu

mption ups
without the
ute increa

f 1000 km o
e speed 14
Downstrea
18.8 km/h 

2,4
2,7
3,0
2,0
2,3
2,5

idered. The

engthening
ws the res
 the vesse
still uses 

nd services

e approach
age speed
. For each
ulting in a
tream and
e usage of

ase in fue

on Danube
.8 km 
m Total

415 6,619
745 7,523
064 8,397
074 5,685
340 6,414
574 7,055

e following

g only and
sults of the
el operates
its current

s 

h 
d 
h 
a 
d 
f 
l 

9
3
7
5
4
5

g 

d 
e 
s 
t 



 
Figure 
propell

 
In Figu
conside
betwee
nozzle 
in case
below c
to the c
vessel 
 
Figure 
in nozz

 
It shou
the abs
also inc
retrofitt

11.1 Annua
er) 

ure 11.2 t
ered. Also
en sailing w

to the pro
e the vess
current lev
current lev
is lengthen

11.2 Annua
zle) 

ld be note
solute incr
creases an
ting. Follow

 

al emission

the length
o the curr
with and w
opeller with
el is lengt

vel. If the ve
vels, howe
ned but no

al emission

d that the 
rease in em
nd the rela
wing table 

ns of the R

hening opt
rent situat
without a p
hout length
hened to 6
essel is len

ever they w
o rearrange

ns of the R

figures on
missions. H
ative value

show the 

48/57

Rheinland f

tions inclu
ion is add

propeller in
hening the 
63 m and 
ngthened t
will be lowe
ement in th

Rheinland f

nly show th
However t

es (kg emis
change in

W

or an avera

ding a ne
ded to th

n nozzle. T
vessel wi
a nozzle i

to 69 m the
er than the

he propelle

or an avera

he total em
he cargo c
ssion/tkm) 
n emission

WP 6: New

age speed 

ew propell
e figure, 

The figure 
ll decrease
is added t
e emission
e emission

er system is

age speed 

missions pe
carrying ca
can be low

ns per tkm

w scales an

of 10,8 km

 

er arrange
this for c
shows tha
e all emiss
he emissio

ns level will
ns levels in
s made.  

of 10,8 km

 

er year and
apacity of 
wer than w
. Also in th

nd services

m (naked 

ement are
comparison
at adding a
sions. Also
ons will be
l be similar
n case the

m (propeller

d therefore
the vesse

without the
his table a

s 

e 
n 
a 
o 
e 
r 
e 

r 

e 
l 

e 
a 



 
distinct
rearran
 
Table 1
 

Propelle
naked 

Propelle
nozzle 

 
In all ca
The em
 

11.3 S
In the s
carried
The fir
lengthe
emissio
 
Figure 
propell

 
Figure 
Also in 
a good
increas
maximu
increas

tion is ma
ngement.  

1.2 Emissi
Shi
len

er: 57 
63 
69 

er: 57 
63 
69 

ases the e
missions ar

Sensitivit
sensitivity 
 out as wa
rst figure 
ened and 
on levels w

11.3 Annua
er) 

11.4 show
this figure

d comparis
ses once t
um 63 m. 
se, howeve

 

ade betwe

ions in g/tk
ip’s 

ngth (m) 

emissions l
re even fur

ty analys
analysis th

as for the e
shows th
the same

will increase

al emission

ws the len
e the curre
son. As the
the prope
In case th

er the incre

een the le

km and mg
CO2 
(g/tkm) 

8.6
8.0
7.7
7.5
7.1
6.7

evels in g/
rther reduc

sis 
he higher r
environme
e outcom

e propeller
e once the

ns of the R

ngthened o
ent situation
e figure sh
ller in noz
e vessel is

ease is sm

49/57

engthening

g/tkm for re
NOx 
(mg/tkm)

124.818
116.083
110.979
108.311
102.641

96.710

/tkm or mg
ced once a 

relative sp
ental asses
e for the 
r arrangem
e vessel is 

Rheinland f

options inc
n (length o

hows the e
zzle is ins
s lengthene
aller than l

W

g options 

elative spee
PM 
(mg/tkm

8 5.74
3 5.34
9 5.10
1 4.98
1 4.72
0 4.44

g/tkm reduc
propeller 

eed is con
ssment for 

situation 
ment is us
lengthened

or an avera

cluding the
of 57m and
environmen
stalled and
ed to 69 m
lengthenin

WP 6: New

with and 

ed of 10.8 k

m) 
HC 
(mg/tk

42 13.
40 12.
05 12.
82 12.
21 11.
49 10.

ce as the v
in nozzle is

nsidered. T
a relative 
in which 

sed. As th
d.  

age speed 

e new pro
d naked pr
ntal perfor
d the vess
m the envir
g without a

w scales an

without a

km/h 

km) 
CO 
(mg/t

838 51
870 47
304 45
008 44
380 42
722 39

vessel is le
s installed.

The same 
speed of 
the vess

he figure s

of 14,4 km

opeller arr
ropeller) is 
mance of 
sel is leng
ronmental 
a propeller

nd services

a propeller

tkm) 
SO2

(mg
1.555 0
7.947 0
5.839 0
4.737 0
2.395 0
9.945 0

engthened
.  

analysis is
14.4 km/h

sel is only
shows the

m (naked 

 

angement
shown for
the vesse

gthened to
impact wil

r in nozzle.

s 

r 

2 
g/tkm) 
0.0543
0.0505
0.0483
0.0471
0.0446
0.0420

. 

s 
. 
y 
e 

. 
r 
l 

o 
l 
  



 
Figure 
in nozz

 
Also fo
calcula
 
Table 1
 

Propelle
naked 

Propelle
nozzle 

 
At this 
all case
propelle
the inst
that sa
 
 
 
 

11.4 Annua
zle) 

or sailing 
ated. Follow

1.3 Emissi
Sh
len

er: 57 
63 
69 

er: 57 
63 
69 

higher spe
es the emi
er in nozz
tallation of
iling on a h

 

al emission

on this hi
wing table 

ions in g/tk
ip’s 

ngth (m) 

eed the em
issions per

zle is insta
f a nozzle 
higher spee

ns of the R

igher relat
shows the

km and mg
CO2

(g/tkm)
19.5
19.4
19.2
16.8
16.5
16.1

missions te
r g/tkm or 
lled the pe
is benefici
ed increas

50/57

Rheinland f

tive speed
 outcomes

g/tkm for re
NOx

(mg/tkm
283.087
281.084
278.323
243.154
239.658
233.843

end to redu
mg/tkm de

erformance
al for the e

ses the env

W

or an avera

d the perfo
s of this an

elative spee
x
)

P
(mg/tkm

7 13.02
4 12.93
3 12.80
4 11.18
8 11.02
3 10.75

uce less tha
ecrease on
e of the ve
environme
vironmenta

WP 6: New

age speed 

ormance p
alysis. 

ed of 14.8 k
PM
m) (mg/tk
22 31.
30 31.
03 30.
85 26.
24 26.
57 25.

an sailing 
nce the ve
essel furth
nt. Overall

al impact of

w scales an

of 14,8 km

per ton ki

km/h 
HC 

km) (mg/
386 116
164 116
857 114
958 100
571 98
926 96

on a lower
ssel length

her increas
l it can be 
f shipping.

nd services

m (propeller

 

lometre is

CO
/tkm) (m
6.927 0
6.100 0
4.959 0
0.433 0
8.989 0
6.587 0

r speed. In
hened. If a
ses and so
concluded
  

s 

r 

s 

SO2

g/tkm)
0.1231
0.1222
0.1210
0.1057
0.1042
0.1017

n 
a 
o 
d 



 

 

12 Co

12.1 T
• 

e

a
• 

v
• A

• 

• 
a

• T
w

 

12.2 M
• 
• 

v
a

• A
a

• 
t
c

• 
e
t
e

 

12.3 O
Length
vessels
of this 
line wit
already
feasible
not be

onclusio

The main 
Lengthenin
evaluated 
retrofit op
adjustmen
Lengthenin
vessel. Sp
Although t
is advised 
Lengthenin
propeller in
Lengthenin
as the ad
main bene
The length
well as its 
performan
performan

Main conc
Lengthenin
Lengthenin
vessel. In 
approach s
Although t
advised to
in nozzle; 
Lengthenin
the vessel
conditions 
It should a
enough inc
the Rhine 
earn back.

Overall co
ening of s
s in the flee
retrofit opt
th the res
y need to h
e. If a vess

e an optio

ons 

conclus
ng of the v
lengths w

ption, bec
nts become
ng will not

peed reduc
he current
to change

ng of this 
n nozzle, a
ng become
ditional ca

efit for the s
hening of t

cargo car
ce of the 
ce can be 

clusions
ng of the v
ng of the 

some cas
speed; 
the curren

o change th

ng of the 
l with only
the invest

also be no
come to ea
are consi

.  

onclusio
smaller inl
et. It appea
ion, while 

sults of the
have a crit
sel is too s

on to mak

sions for
vessel is t

within the 
cause at 
e technical
t have a c

ctions will s
t power tra
e the engin

vessel is
and under d
es more e
argo carryi
ship owner
he vessel 
rrying capa
vessel in 
improved

s for Rhe
vessel is te
vessel wil
ses the m

t power tr
he current 

vessel is 
y 6 metres
tment will n
oted that f
arn back th
idered for 

ons 
land vesse
ars that ve
smaller sh
e lengthen
ical mass 
small, as is
ke the ves

51/57

r Hendrik
echnically 
boundaries
larger le

ly very com
considerab
solve mano
in is suitab
e and prop

s economi
different re

economica
ing capaci
r; 
will increa

acity and to
a positive
further.  

einland:
chnically fe
l have no 

manoeuvra

rain is suff
engine fo

often econ
s will have 
not be earn
freight rate
he investm
the Rhein

els is eco
essels that 
hips do not
ning option
to ensure 
s the case
ssel more

W

k: 
possible, 

s of the C
engthening
mplicated, 
ble effect 
oeuvrability
ble for all le
peller to en
cally feas

elative spe
lly feasible
ity (revenu

se the fue
ogether th

e way. In c

easible; 
influence 

bility can 

ficient to p
r a newer 

nomically
long payb

ned back a
es paid on
ment. Even
nland, the 

onomically 
fall within 
. Based on
ns analyse
that the le
 for the Rh
 competiti

WP 6: New

although n
CEMT clas
g options 
hence exp
on the ma
y issues; 
engthening
nsure bette
ible, both 
eds; 
e for large
ue genera

l consump
is will affe
case a no

on the ma
be improv

perform in 
one and t

feasible, h
back perio
at all.  
n the Danu
 when the 
investmen

feasible m
the CEMT

n the analy
ed in WP 
ngthening 
heinland, le
ive. The 

w scales an

not all con
ss are suit

the hull 
pensive too
anoeuvrab

g steps con
er efficienc

with and 

er lengthen
ting capac

ption of the
ct the env
zzle is ins

anoeuvrab
ved by red

the same
he install a

however le
od and und

ube do no
freight rat

nts will be 

mainly for 
T III class c
ysis done a

7.2, inlan
will be eco

engthening
investmen

nd services

nsidered or
table as a

structure
o; 
bility of the

nsidered, it
y; 
without a

ning steps
city) is the

e vessel as
ironmenta

stalled, the

bility of the
ducing the

e way, it is
a propeller

engthening
der certain

t generate
tes paid on

difficult to

mid-sized
can benefit
and also in
nd vessels
onomically
g will often
t costs of

s 

r 
a 
e 

e 

t 

a 

, 
e 

s 
l 

e 

e 
e 

s 
r 

g 
n 

e 
n 
o 

d 
t 
n 
s 
y 
n 
f 



WP 6: New scales and services 
 

 

52/57 

lengthening cannot be compensated. It can also be concluded that a small vessel like 
Rhineland is wrongly utilized on large/long river as is the Danube.  
 
From an environmental perspective it is desirable to install a propeller in nozzle instead 
of a naked propeller. The propeller in nozzle is able to reduce the fuel consumption and 
therefore the amount of all emissions. To have more benefit from the propeller in nozzle 
the vessel should also reduce its speed. In these cases the implementation of the 
nozzle works best. 
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14.3 List of abbreviations 
BV    Bureau Veritas; 
CBRB    Centraal Bureau voor de Rijn- en Binnenvaart 
CCR    Central Commission for Navigation on the Rhine; 
CO    Carbon monoxide; 
CO2    Carbon dioxide; 
GL    Germanischer Lloyd; 
HC    Hydrocarbon; 
H&M    Hull and machinery; 
IRR    Internal rate of return; 
IW    Inland waterway; 
IWT    Inland waterway transport; 
kW    Kilo watt; 
NOx    Nitrogen oxide; 
NPV    Net present value; 
P&I    Protection and indemnity; 
PM    Particular matter; 
SO2    Sulphur dioxide; 
TEU    Twenty feet equivalent unit; 
WP    Work Package. 
 
 
 
 


