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1.	Introduction	

 

The MONALISA project is intended to improve efficiency of transportation at sea.1 One part 

of the project concerns dynamic route planning, by having Sea Traffic Coordination Centres 

(STCC) ashore. With information about all vessels’ destinations and intended routes, the 

coordination centres could monitor the traffic and advise ships about the optimal route, 

mainly taking other ships’ movements into account as well as other factors such as weather, 

ice and traffic restrictions. These measures can save fuel as well as reduce other costs.  

 

A second feature of dynamic route-planning is to collect information at the STCC ashore 

about the actual berthing times for arriving vessels. Due to lack of berth, availability of 

tugboats, pilots etc., ships sometimes have to anchor and await the berthing timeslot. With 

updated information, ships could adjust their speed to arrive at the port just in time instead of 

today’s “hurry up and wait”-principle, in which contracts often stipulate that ships should 

arrive as soon as possible, whether or not a berth is available (Alvarez et al., 2010). Thereby 

ships could sail at the most fuel-efficient speed without increasing the transit time of the 

cargo. 

 

However, dynamic route planning requires investments both in the establishment of Sea 

Traffic Coordination Centres ashore and in equipment or equipment updates onboard 

participating vessels sailing in the Baltic Sea Region as well as costs for operating the system. 

 

 	

                                                 
1 ”MONALISA is a Motorways of the Sea project which aims at giving a concrete contribution to the efficient, 
safe and environmentally friendly maritime transport. This is done through development, demonstration and 
dissemination of innovative e-navigational services to the shipping industry, which can lay the groundwork for a 
future international deployment. Quality assurance of hydrographic data for the major navigational areas in 
Swedish and Finnish waters in the Baltic Sea contributes to improving safety and optimization of ship routes.” 
(www.sjofartsverket.se) 
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1.1	Scope	of	this	project	

 

In order to find out if these parts of the MONALISA project are socio-economic viable, a so 

called cost-benefit analysis (see chapter 2) can be carried out. The aim of this analysis is to 

calculate the benefits and the costs, for the society as a whole, of implementing some features 

of dynamic route-planning at sea.  

 

The focus will be to study the benefits of shorter routes by dynamic and flexible route 

planning as well as adjusted arrival times at ports, and compare them with the costs for the 

system. Thus, we will analyse the possible gains for society as a whole, by estimating the 

benefits and costs of implementing those features. By society, all parties that in one way or 

another are affected by sea transportation are included, i.e. the buyers and sellers of the 

services but also the rest of society, e.g. if there are positive or negative effects on the 

environment. We do not include potential effects on freight flows ashore in our calculations. 

 

Our study concerns the Baltic Sea Region, whereas the same method could be used for other 

areas in the world with dense traffic where dynamic route planning could be implemented. 

Only effects on traffic with cargo vessels and tankers will be accounted for. All figures are 

stated in euro, price level 2012.2 We will count in kilometres by sea instead of in nautical 

miles3. The reason for this is that it makes it easier to compare the figures with other transport 

modes. 

 

 

 

                                                 
2 We use the average exchange rate for 2012, 8.70 SEK/euro (The Riksbank, 2014), when we transfer values 
originally provided in SEK. Values are recalculated to price level 2012 with consumer price index (www.scb.se).  
3 1 NM=1.852 m 
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2.	Methodology	

 

A socio-economic profitability calculation, or cost-benefit analysis (CBA), is based on 

welfare theory in Economics (Boardman et al., 2011). This theory is about getting as much 

benefit as possible with the scarce resources available. The concern is the well-being of 

society as a whole, including all individuals. The aim of a cost-benefit analysis is to provide a 

basis for decisions in order to maximise the total welfare in the society. Since the resources 

are scarce, only changes where the benefits exceed the costs should be implemented. All 

parties that are affected in one way or another by the studied change (often called a project), 

should be included in the CBA. The valuation should be based on the individuals own 

preferences. Some decisions must be made by the public sector because public goods or 

external effects are included. The aim of the public sector should be to maximise the total 

utility in the society taking into account the scarcity of resources, and, as described above, the 

preferences of all individuals in the society. A central part of socio-economic profitability 

calculations is opportunity cost, i.e. the cost of resources used in a project is equal to the value 

of their best alternative usage.  

 

In a cost-benefit analysis, all effects of a proposed project are first identified. For example, a 

new road might save travel time and improve safety, but at the same time uses material and 

labour and might make intrusion in some recreational area. In a second step, these identified 

effects of the project are, if possible, quantified. How much travel time would the new road 

save, how much material would be used to build the road and how would the road encroach 

on the environmental area etc. The third step is to try to value all effects in monetary terms by 

for example using values per unit for travel time savings. Some identified effects may not be 

measurable in such a way, but should still be part of the cost-benefit analysis. Effects without 

an estimated value should be described in words as good as possible. Some effects will occur 

only once while other effects may occur every year over the project’s lifetime. The effects 

that are evaluated in monetary terms are discounted to be comparable. Finally, the effects are 

summed up to find out if the benefits exceed the costs. Some effects as well as values may be 

uncertain, and a sensitivity analysis, to evaluate the robustness of the conclusions, is 

important. 
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In this study, we have quantified the traffic by using Automatic Identification System (AIS) 

data from vessels in the Baltic Sea Region. This technology allows measuring the total traffic 

in the selected area. It is mandatory since 2007 for commercial vessels to have an AIS 

transmitter that continuously sends a signal with information about the ship’s data, course and 

speed (EU Directive 2013/52/EU). The designated organisations of the HELCOM member 

states collect data from all ships with AIS transmitters in the Baltic Sea Region. This data was 

made available to us via the Swedish Maritime Administration. Ships’ AIS data is also visible 

in real time on some internet sites like MarineTraffic. We used AIS data from a tailor-made 

file produced by the Swedish Maritime Administration to calculate a representative day’s 

traffic in the area and publicly available AIS information to measure the extent of anchored 

vessels.  

 

We have taken the unit values for emissions used in transport infrastructure planning in 

Sweden as our main alternative and values used in different European studies as alternatives. 

Other costs are taken from different reports, contacts with Swedish ship owners and the 

Swedish Maritime Administration. Based on the measured traffic volumes from AIS data, 

together with relevant unit prices, we value all effects in a cost-benefit analysis of dynamic 

route planning. Because some unit values are uncertain, sensivity analysis are carried out. 
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3.	Estimating	costs	of	sea	transportation	

 

The cost components for sea transportation can be grouped in three main categories: fuel 

costs, manning costs and capital costs (Stopford, 2010). In addition, there are fees paid to the 

service providers, such as the Maritime Authorities for navigation services such as 

lighthouses, pilots and other navigation aids and there are costs related to services in the port. 

For society as a whole, in addition to the internal costs for the shipping companies, there are 

external costs for the emissions made by the ships and accidents. Some of the external costs 

are internalised by the fees for navigations’ and port costs. As dynamic route planning 

concerns open waters, navigational and port costs are not relevant for this study. We present 

fuel costs as costs related to the ships and emission costs as external costs regardless of if they 

are internalized by fees or not. The emissions are costs for society regardless of if they are 

priced by fees or not. In this study we will not analyse any positive or negative changes of 

traffic safety by implementing dynamic route planning. We will thus assume that accident 

risks remain unchanged by implementing dynamic route planning, meaning there are no 

changes of accident costs.  

 

The Swedish Environmental Protection Agency (SEPA, 2010) categorise vessels sailing in 

Swedish waters into nine different ship types. Their ship types are taken from the Finnish 

system for calculations called LIPASTO4. This is a system to calculate emissions 

representative for maritime traffic in Finnish waters and its surroundings. SEPA (2010) has 

made a selection from the ship types in LIPASTO aimed to represent maritime traffic in 

Swedish surroundings. Each such category represents an average of ships of different age, 

type, condition, load etc. within the category. 

 

3.1	Fuel	costs	and	emission	costs	

 

The fuel consumption by a ship is mainly affected by the size, type and condition of ship, 

speed and load. Emissions are affected by fuel consumption as well as type of engine, 

presence of catalyser and fuel type (SEPA, 2010). Table 3.1 shows the cost for fuel per km for 

our nine chosen ship types categorized by gross tonnage (GT) and average speed. We include 

two more ship types; Tanker small and Tanker medium. For Tanker small we use the same 

                                                 
4 http://lipasto.vtt.fi/indexe.htm 
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fuel costs and emission costs as for General cargo in SEPA (2010) and for Tanker medium we 

use the same as for Bulk small because those ship types have similar GT and speed/km. SEPA 

(2010) include two types of large tankers; tanker short voyage and tanker long voyage. We 

pool these to one ship type called Tanker large using the average values of the two in SEPA 

(2010). 

 
 
Table 3.1 Fuel costs per kilometre for the different ship types, price level 2012  

Ship type Gross tonnage (speed km/h)  Fuel costs euros/km 

Cargo small 101-5,999 6.3 

Bulk medium 6,000-13,999 (-29.6) 17.4 

Bulk large 14,000-69,999 (-24.7) 22.2 

RoRo 14,000-69,999 (24.8-) 25.2 

Container medium 6,000-13,999 (29.7-) 24.7 

Container large 70,000- 156.9 

Tanker small 101-5,999 (2.59-26.67) 6.3 

Tanker medium 6,000-9,999 (9.26-27.22) 17.4 

Tanker large 10,000- 38.3 

Source: Own processing based on SEPA (2010), Table 9 and Table 31 
 
 
Table 3.2 shows emissions of nitrogen oxides (NOx), particulate matter 2.5 (PM2.5), sulphur 

dioxide (SO2), and carbon dioxide (CO2) per kilometre for the different ship types. 

 
Table 3.2 Kg emissions of NOx, PM2.5, SO2 and CO2 per kilometre  

Ship type NOx  PM2.5 SO2  CO2  

Cargo small 1.08  0.018  0.27  47  
Bulk medium  2.99  0.047  0.70  131  
Bulk large 3.84  0.061  0.91  168  
RoRo 3.96  0.075  1.14  191  
Container medium 4.30  0.071  1.08  187  
Container large 26.87  0.401  5.82  1186  
Tanker small 1.08  0.018  0.27  47  
Tanker medium  2.99  0.047  0.70  131  
Tanker large 6.66 0.119 1.68 289 

Source: Own processing of SEPA (2010), Table 13 
 
There are different recommendations which methods and unit values should be used for cost-

benefit calculation and analysis in the transport sector, and we have chosen to base our 

calculations on three such recommendations; ASEK, CAFE and the Stern Review. ASEK is a 
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“project” in Sweden, led by the Swedish Transport Administration that, based on research, 

recommends which methods and unit values that should be used for cost-benefit calculation 

and analysis in the transport sector in Sweden. SEPA (2010) uses the values from ASEK 4 

(SIKA, 2009) as main values to calculate emission costs for the different types of vessels. As 

alternative values SEPA (2010) uses values from the European Union’s program for clean air 

called Clean Air for Europe (CAFE) (EC DG Environment, 2005) and from the Stern Review 

on the Economics of Climate Change (Stern, 2006). The Stern report discusses the effects on 

the world economy of global warming and estimates the cost of avoiding the worst effects to a 

value corresponding to 0.08 euros per kg CO2. 

 

The last recommendations are ASEK 5, from 2014 (The Swedish Transport Administration, 

2014). The recommended values for calculating emission costs according to ASEK 5 in 2010 

prices are 80 SEK per kg NOx and 27 SEK per kg SO2. (The Swedish Transport 

Administration, 2014) For CO2 the recommendation by ASEK 5 is 1.08 SEK per kg for the 

medium term.5 For sensitivity analysis they recommend 3.50 SEK per kg. We will use the 

unit values recommended by ASEK 5 converted to euros and the price level for 2012 as our 

main alternative. As low and high alternatives we will use the values used by SEPA (2010) 

mentioned above, converted into euros and the price level for 2012. The values we use are 

shown in Table 3.3. 

 
Table 3.3 Values euros/kg used in our calculations, price level 2012 

 Main  Low  High 

NOx 9.52 (ASEK) 3.35 (CAFE, low) 9.52 (ASEK) 

PM 0 (ASEK) 0 (ASEK) 42.87 (CAFE, high) 

SO2 3.22 (ASEK) 3.22 (ASEK) 13.45 (CAFE, high) 

CO2 0.13 (ASEK) 0.08 (Stern, low) 0.41 (ASEK, high) 

 
Table 3.4 below shows the emission costs for different ship types using the emissions in Table 

3.2 and the unit values in Table 3.3. 

 
  

                                                 
5 This is lower than the recommendation by ASEK 4, which was 1.50 SEK per kg CO2 in price level 2006. The 
Swedish Transport Administration (2014) mentions that in the EU Emissions Trading System the price per kg 
emissions of CO2 has been 0.30 SEK as highest and most of the time even lower, and the HEATCO 
recommendation is 0.30 SEK per kg CO2 in price level 2010. However, The Swedish Transport Administration 
does not recommend those lower values. 
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Table 3.4 Emissions costs, euros/km, price level 2012  

Ship type Main Low High 

Cargo small  17.3  8.3 34.0 

Bulk medium 47.8 22.8 93.6 

Bulk large 61.3 29.2 120.3 

RoRo  66.2 32.2 134.6 

Container medium 68.7 32.8 135.2 

Container large 428.7 203.6 837.5 

Tanker small 17.3 8.3 34.0 

Tanker medium 47.8 22.8 93.6 

Tanker large  106.4 50.8 209.6 

 
 

3.2	Manning	costs	
 
The actual number of positions on board varies not only between the smaller and larger ships. 

It also differs for a similar size of vessel due to age, condition, special requirements, 

nationality, etc. Manning costs were studied in a report for the Swedish Department of 

Industry (Andersson and Forsblad 2010) on the competitiveness of the Swedish shipping 

industry, on which data about manning costs in this section is based.6 First, for each of the 

nine types of ships, the number of positions (officers, mates) was estimated, based on the 

above mentioned report. ‘Officers’ include all superior positions on deck and engine (master, 

first and second officer etc.) and ‘mates’ all other positions on deck, engine and for catering. 

The results are shown in table 3.5. It must be noted that the categories are broad and the 

number of positions may vary substantially around the estimated average within each 

category. 

 
  

                                                 
6 Andersson and Forsblad (2010) obtained information about number of positions and labour costs from 
interviews and written material from most Swedish ship owners. Complimentary information about the number 
of positions was received in e-mails from large Swedish ship owners when making the present study. 
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Table 3.5 Estimated number of positions for each type of ship 

Ship type Estimated number 
of positions 

Cargo small 4 officers 
5 mates 

Bulk medium 7 officers 
8 mates 

Bulk large 8 officers 
9 mates 

RoRo 8 officers 
9 mates 

Container medium 
 

7 officers 
8 mates 

Container large 9 officers 
10 mates 

Tanker small 6 officers 
6 mates 

Tanker medium 7 officers 
8 mates 

Tanker large  9 officers 
10 mates 

 
Three problems arise with regard to calculating manning costs.7 Firstly, crewmembers salaries 

vary substantially. A particular problem with manning costs at sea is that seamen on ships 

registered in different countries normally are hired on the terms stated by agreements and 

labour laws made in each country. However, these differ substantially between western 

countries like the Scandinavian ones and the contracts in Eastern Europe and in the Far East. 

To meet competition, many Western countries have created ‘international registers’ or other 

solutions for ships in which it is possible to hire crewmembers on special terms but still be 

registered in a specific country. 

 

Officers from different countries in the world compete on a global market working on ships 

from different nations and registers, and therefore, according to Swedish ship owners, the net 

wage is similar and the difference is that many officers outside Western Europe have not 

social benefits included to the same extent. Concerning mates, labour from countries with low 

wages dominates on most ships. 

  

A second problem when calculating the total cost for manning ships is that crewmembers are 

not always employed full time. Under many Western European contracts, there are two 

                                                 
7 A sensitivity analysis with alternative assumptions will be made in section 4.2  
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persons employed full time per position. It means that a crewmember sails for three months 

and is at home for another three months when the other person on the same position is on 

board. Taking into account some extra need for persons owing to vacation and other reasons 

for vacancies, one can estimate that there is a need for about 2.1 persons per position. 

However, many crewmembers, especially mates, are hired on temporary contracts. They are 

for example on board for four months and then their employment ends so they are free to take 

a job on another ship. Then there will be only one person employed full time per position. In 

order not to underestimate costs, in our main alternative we assume that for officers the total 

cost is 2.1 times the monthly net wage. For mates, we assume a mix between low cost wages 

and western contracts. Thus, to construct a reasonable average, we multiply the wage by a 

factor 1.5 in order to make it an average between different types of employment conditions. 

The sensitivity analysis, as for example in section 4.2, will show that the details of these 

assumptions are not crucial for the conclusions.  

 

The third problem is whether to use the gross cost for the employer or the net wage. Normally 

when evaluating labour costs in cost-benefit analysis, it is assumed that the alternative value is 

the gross (total) cost for the employer including payments for income tax and for social 

benefits, because it is the value of what the employee is expected to produce in the best 

alternative employment. However, in high cost countries in the west, this is not usually the 

case because in order to have a competitive wage compared to low-cost countries, the public 

sector subsidizes the shipping companies and reimburses income tax and payments for social 

benefits.  In that case, the theoretically correct cost, i.e. the value of the foregone employment 

for the seamen concerned, is the net wage.  

 

The average monthly wage was taken from Andersson and Forsblad (2010) and adjusted with 

inflation to 2012.8 For ‘officers’ it is an average wage for captain, first, second (and third) 

officer and engine officers and similarly for mates for different categories of positions on 

deck, engine and for catering. Table 3.6 shows the labour costs per employed used in this 

study. 

 
  

                                                 
8 Percentage change in consumer price index (The Riksbank 2014) 
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Table 3.6 Average labour cost per month in euros per employed (in 2012 prices) 

 Gross wage including social 
benefits

Net wage excluding income 
tax and social benefits 

Officers 5,630 3,700
Mates 3,450 2,200
 

3.3	Capital	costs	
 
The final part of the costs for sea transportation is the capital cost for the ships. As our 

calculations are for the long run, all resources are variable and the capital cost should be 

included. If sailing time, owing to shorter routes, can be reduced, in the long run the total fleet 

of ships need to be smaller and savings can be made on capital. 

 

Stopford (2010) finds capital costs being the second largest for ship owners after fuel. Within 

each of the nine types of ships that we are using, capital costs vary a lot, depending on factors 

such as age and different requirements. We have estimated capital costs as shares of the total 

costs based on information from Swedish ship owners to Andersson and Forsblad (2010).  

Capital costs are assumed to be 30 % of the costs for the ships owners (fuel, labour and 

capital, excluding emissions costs) for the categories with small vessels (cargo and tanker). 

Similarly, we assume capital costs to 33.3 % of total costs excluding emissions for medium 

sized vessels (bulk, container, RoRo and tanker) and 35 % for large vessels (bulk, container, 

tanker). 
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4.	Benefits	of	shorter	routes	
 
In this section, we will analyse the possible gains of shorter routes for ships by active and 

flexible coordination of traffic flows from Sea Traffic Coordination Centres (STCC) ashore. 

 

4.1	Estimating	traffic	volume	
 

We started with estimating the total traffic in the area concerned, and then we applied the unit 

costs presented in previous section. It is mandatory for all commercial vessels to have such a 

transmitter that continuously send a signal with information about the ship’s movements (e.g. 

speed, course and other data about the ship). Those signals are registered and saved by the 

designated organisations of the HELCOM member states and was made available to us via the 

Swedish Maritime Administration. Depending on the ship’s speed, a signal can be registered 

up to every other minute; so at the most, a single ship’s position and other data can be 

registered over 1,000 times in one day. 

 

We selected two days: October 10, 2012, and May 15, 2013. We chose them in the season 

when there is no ice in Scandinavian waters, and we avoided the summer period when 

commercial traffic may be reduced and there are many cruise vessels in the region. On the 

days in question, there were no major obstacles for the ships in terms of wind and waves that 

could cause delays.9 

 

We limited the studied case to a geographical area extending south from a line between south 

of Fredrikshavn in Denmark to south of Gothenburg in Sweden and the studied area includes 

the entire waters up to the northernmost part of the Bay of Bothnia. Thus, we did not include 

traffic from the North Sea direct to ports along the northern Swedish west coast, to Skagen 

roads or to Norway. We call this entire area that we study “the Baltic Sea Region”, see Figure 

4.1. Moreover, we confined our study to ships registered as ‘cargo’ or ‘tanker’. We assume 

that ferries already follow the shortest route and that there are limited gains to be made for 

them by flexible route planning. Other types of traffic are limited in number, and may thus not 

be affected by dynamic route planning and have relatively low costs. Hence, tugboats, pilot 

vessels, military operations were also disregarded. Based on these selection criteria, the 

                                                 
9 The significant height of the waves at “Väderöarna” and “Knolls grund” was less than 1.25 meters on both 
days. 
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Swedish Maritime Administration created a tailor-made file for each of the chosen days with 

all data from the AIS transmitters from cargo vessels and tankers.10  

 
Figure 4.1 Map showing the Baltic Sea Region marked 
 

 
 
We constructed a database from the two files with the traffic on a representative day in the 

region by combining the two days selected. From May 15, we used ships with a name 

beginning with A to K and from October 10 we used ships with names beginning with L to Z. 

Thus, we did not use the same ship twice.  

 

To obtain the cost for each ship’s movement during the day, we first had to calculate the 

ship’s sailed distance. AIS data only contains the actual momentarily speed. Thus, for each 

individual ship, we manually calculated the average speed from all observations during the 

whole time of the day that the ship was underway, and multiplied this with the total time 

sailed during the day.  

                                                 
10 The file from May 15 contained 827,301 observations and the file from October 10 contained 612,520 
observations. 
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For May 15, we first ended up with 936 useable observations for names beginning with A-K. 

It turned out that 332 ships had not been moving at all.11 Moreover, 86 ships had to be 

excluded for other reasons.12 For October 10, we ended up with 642 useable observations. 201 

ships had not been moving and 33 were excluded from the observations that day for other 

reasons. Thus, for the representative day, based on the files generated by the Swedish 

Maritime Administration, the traffic totalled to 1,578 ships. Of those, 1,177 were classified as 

‘cargo’, i.e. general cargo, bulk vessel, container ship, RoRo or ship carrying automobiles. 

The remaining 401 ships were tankers. 

 

AIS data do not contain a ship’s gross tonnage (GT), and because costs are related to this 

parameter, we had to find information about each vessel’s GT. We searched for each 

individual vessel at the website of MarineTraffic (2013), were we obtained the information 

for most ships. 

  

During this process, we found that the file from May 15 contained a lot of ships that were not 

intended to be included. Those were inland cargo vessels and barges sailing on the rivers of 

Germany, the Netherlands, Belgium and Poland. A total of 253 ships of the 936 ships from 

May 15 were thus excluded because they did not belong to the population we intended to 

cover. No such problems were identified with the ships in the data from October 10. It also 

explains why the original file from May 15 contained many more observations. Another 47 

from the 1,578 ships had to be excluded because we could either not find the ship in the 

register or the GT was not given. 

 

At the end, we have 1,278 ships constituting the sea traffic in the given area on a 

representative day. Table 4.1 shows descriptive statistics of the included ships. 

 
Table 4.1: Descriptive statistics of the 1,278 ships studied 

 Mean Median 
Gross tonnage 12,925 4,231
Speed over ground, knots 10.1 10.1
Time sailed, hours 15.6 14.9
Distance sailed, km 294.4 246.3

                                                 
11 There could be mores ships than this without moving, because ships may turn off their AIS-transmitter when 
moored. 
12 Some observations could be a speed of 102.3 knots, two ships with the same name were mixed together or 
some intermittent observations reported 0 knots. 
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In particular, the large difference for GT (the mean is just over three times the median) should 

be noted. There are a few very large vessels (large tankers, automobile carriers, or container 

vessels) which raise the average. There are many relatively small cargo vessels: more than 

half of the ships are below 5,000 GT and 68 % below 10,000 GT and only 2 % are above 

70,000 GT. A closer picture of the distribution of the ships’ size is shown in Table 4.2.  

 
Table 4.2: Distribution of ships according to GT 

GT, interval Number of ships in the interval
0-10,000 874 
10,001-20,000 140 
20,001-30,000 115 
30,001-40,000 34 
40,001-50,000 34 
50,001-60,000 31 
60,001-70,000 22 
70,001-80,000 8 
80,001-90,000 6 
90,001-100,000 7 
100,001-180,000 7 
 
We ordered the ships in the groups for which we have available cost data. Table 4.3 shows 

how we grouped the ships in our study according to the categories with different GT and 

speed used by SEPA (2010).  

 
Table 4.3: Number of ships of each type in our study 

 

 
 
 
 
 

Ship type Number of ships 
Cargo small 602 
Bulk medium  128 
Bulk large  117 
RoRo  84 
Container medium 11 
Container large 15 
Tanker small 135 
Tanker medium 38 
Tanker large 148 
Total 1,278 
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4.2	Total	costs	for	society	for	traffic	in	the	Baltic	Sea	Region	on	a	
representative	day	
 
Using the costs for shipping companies and the costs for emissions that we have presented in 

chapter 3 for the total traffic in the studied area, we can summarize the total cost of sea traffic 

for cargo vessels and tankers in the area. Table 4.4 shows the estimated total cost for the 

traffic during a representative day of the year. 

 
Table 4.4 Total costs to society of traffic with cargo vessels and tankers in the Baltic Sea 
Region in one representative day (thousand euros) 

Ship type Number 
of ships 

Labour 
cost 

Fuel 
cost 

Capital 
cost 

Emission costs 
main TOTAL

Cargo, small 602 669.8 1,058.6 741.5 2,906.9 5,376.9 
Bulk, medium 128 191.7 638.1 414.9 1,752.8 2,997.4 
Bulk, large 117 231.0 770.7 538.9 2,128.0 3,668.5 
RoRo  84 175.4 1,030.4 648.7 2,706.9 4,561.4 
Container, medium 11 25.0 177.7 101.4 494.4 798.5 
Container, large 15 18.7 501.9 280.0 1,371.4 2,172.1 
Tanker, small 135 162.9 190.8 176.9 524.0 1,054.6 
Tanker, medium 38 64.6 199.9 113.5 549.1 927.1 
Tanker, large  148 311.1 1,676.5 1,069.3 4,657.3 7,714.1 
Total 1,278 1,850.1 6,244.6 4,085.1 17,090.9 29,270.7
 
The estimated total cost for one day’s traffic is approximately 29 million euros. The cost for 

emissions in the main alternative constitutes almost 60 % of the estimated total cost to society 

and the remaining part is direct costs for the shipping companies. Small cargo vessels are the 

most common category with nearly half of all ships, but contribute only 18 % of total costs. 

Large tanker is the second most common type, and, owing to high fuel and emission costs, 

represent 26 % of total costs. 

 

As the costs for emissions constitute nearly 60 % of the total cost to society, the results 

depend to a large extent on the unit values of emissions. As different values are used in 

different sources, presented in chapter 3, we will present our low and high alternative below, 

to indicate the importance of different estimates of emission costs. The remainder are costs 

that fall on the ship owners. In order to evaluate the importance of the assumptions presented 

in chapter 3, some sensitivity analysis has been made, all assuming that the volume of traffic 

remains unchanged.  
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Fuel is the most important cost factor for the ship owners, and the fuel costs for the year the 

calculations are made are well known. Of course, fuel prices may vary from year to year 

depending on world market prices. An increase in fuel prices by 10 % would increase the total 

cost to society by just over 2 %. 

 

Capital costs are assumed to be 30 %, 33.3 % and 35 % of the total costs excluding emissions 

respectively for small, medium sized and large vessels in our calculations. If we had instead 

assumed a higher capital cost, for example shares of 35 %, 40 % and 45 % respectively, the 

total cost to society would increase by 6 %. 

 

Labour costs are difficult to estimate because of several problems explained in the previous 

section. However, they constitute the smallest share of the total costs to society, so the results 

are not very sensitive to different assumptions. If, for example, we would have assumed one 

more person per position for officers and for mates for all categories of ships, the total cost to 

society would increase by 1.5 %. If we instead had assumed that there is only one person 

employed per position (instead of 2.1 for officers and 1.5 for mates), meaning that all 

employees are on temporary contracts, the total cost to society would fall by 4 %. Finally, if 

we instead make the standard assumption in cost-benefit analysis, albeit unrealistic in this 

case, that the opportunity cost is the wage including taxes and social benefits, the cost to 

society would increase by 5 %.  

 

4.3	Annual	cost	savings	of	shorter	routes		
 
Both October 10 and May 15 were standard workdays; to adjust our figures to annual values, 

it would be an overestimation to multiply with the number of days of the year since that does 

not take seasonal variations in traffic into account. To adjust for lower traffic during certain 

periods, we have multiplied the daily values with the more reasonable factor 350 instead of 

365 to obtain an estimation of annual costs.  

 

Table 4.5 shows the final results of possible costs savings of dynamic route planning during 

one year in euros. Depending on how much shorter routes will be on average by dynamic 

route planning, savings vary. In the table, we present estimates of the annual cost savings if 

the sailed distance is on average shortened by 0.1; 0.5; 1; 2 and 5 % and according to main, 

low and high values of emissions. 
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Table 4.5 Annual cost savings for society in million euros for different reductions in sailed 
distance, different alternatives 

Reduction in 

sailed distance 

Annual saving 

euros main 

Annual saving 

euros low 

Annual saving 

euros high 

0.1 % 10.2 7.1 16.1 

0.5 % 51.2 35.6 80.4 

1 % 102.4 71.2 160.8 

2 % 204.9 14.3 321.6 

5 % 512.2 35.6 803.9 

 
If, for example, the average sailed distance can be reduced by 1 %, society would gain 102 

million euros per year in our main alternative. The gains split between reduced costs for the 

shipping companies and for emissions, where the latter constitute 58 %. If the average 

distance can be reduced by as much as 5 %, society can save 512 million euros per year. 

 

The table also shows comparisons with the low and high values of emissions. With the lower 

values for emissions presented in section 3.1, the cost to society is 30 % lower than in our 

main alternative. If the higher values on emissions are applied, the cost is 57 % higher. 

Because of the differences in current estimates of emission costs to society, the gains from 

dynamic route planning vary substantially. However, no matter how the emissions are 

calculated, there are significant gains to society from dynamic route planning. Yet, these gains 

must be compared to the costs of the system to conclude if the implementation of dynamic 

route planning is profitable. Such a comparison will be presented in chapter 6. 

 
 

	

 	



 22

5.	Benefits	from	adjusted	arrival	times	
	
In this chapter, we will analyse the possible gains of another feature of dynamic route 

planning: vessels adjusting to efficient speed by receiving information from Sea Traffic 

Coordination Centres (STCC) ashore about actual berthing times. 

	

5.1	Estimating	traffic	volume	
 
We found that the AIS data supplied by the Swedish Maritime Administration could not be 

used for developing a database of ships lying at anchor. It would be impossible to separate 

ships already in a port from ships lying at anchor and moreover to identify which anchored 

vessels were relevant to our study. Instead, we decided to create our own database of ships 

lying at anchor in the Baltic Sea Region. 

 

Thus, we have made own observations of anchored ships displayed at the Web site 

MarineTraffic (2013, 2014). On five days in October-November 2013 and five days in April 

2014, we observed all ships anchored in the Baltic Sea Region visible at this website. We 

selected ten days to cover both weekdays and weekends and we made observations both at 

daytime and night time. On the days of observation, there were no strong winds, because 

during such days more ships may drop anchor to avoid sailing in bad weather. In this part of 

the study, we included ships lying at anchor outside Skagen and Gothenburg, because many 

of those ships pass through the relevant area of the Baltic Sea Region on their way to the 

place where they anchor.  

 

First, we registered all ships lying at anchor in the area at the time of observation, and 

collected data about how long they had been lying at anchor, destination, ship type, and the 

GT of the ships. Twenty-four hours later, we checked all those vessels again to find out if they 

were still anchored, and if not, for how long after the first observation they had been lying at 

anchor. This resulted in a database of anchored ships in the Baltic Sea Region on a 

representative day.  

 

We also tried to identify the relevant vessels for our study when constructing the database. 

Ships can be anchored for many different reasons and our intention was to only include those 

who had to anchor outside a port while awaiting their berthing time. Thus, in our calculations 



 23

about possible savings, we excluded ships coming out from a port waiting for orders. We also 

identified vessels that were anchored in order to take bunker (this is mainly present outside of 

Gothenburg and Skagen, where ships stop on their way to or from the North Sea to take 

bunker from small tankers), ships anchored because of technical problems or ships that were 

going to unload at sea.  

 

Table 5.1 shows descriptive statistics for anchored vessels in the Baltic Sea Region at one 

moment.  On average, there were 93 anchored vessels at one moment in the region. The 

number varied between 79 and 109. As can be seen, only 59 % of all vessels anchored at the 

observed occasions are “relevant vessels”, i.e. those ships are indeed anchored waiting for 

their time to go into the port. Moreover, 40 % of the relevant anchored vessels are in Russian 

waters, outside the ports of Kaliningrad, Ust-Luga, St Petersburg, Primorsk and Vysotsk. As 

we are not sure if Russian ports will take part in the EU-financed MONALISA project, we 

will later discuss the effect if ships bound for those ports are not included. 

 
Table 5.1 Average number of ships anchored in the Baltic Sea Region at one moment 

Area Average number 

of all ships lying at 

anchor 

Average number of 

relevant ships lying 

at anchor 

Relevant ships in % 

of total ships 

Skagen 10.1 0 0 

Rest of Denmark 7.9 3.1 39 

Germany and Poland 15.3 10.8 71 

Baltic states 11.2 9.1 81 

Russia 26.5 21.8 82 

Finland 5.5 3.2 58 

Gothenburg 6.4 2.3 36 

Rest of Sweden  10.1 4.4 44 

Total 93.0 54.7 59 

 

Large tankers more frequently lie at anchor than other vessels. Indeed, there are quite a few 

large tankers that have been anchored for a long time; the longest time a ship had been lying 

at anchor among the observations was for six and a half month. Of the relevant ships, 57 % 

are cargo vessels and 43 % tankers (compared to 74 % cargo vessels in traffic in the area 

according to the findings presented in chapter 4), as shown in table 5.2. The table also shows 

that large tankers are even more common in Russian waters, anchored outside the oil 

terminals in Ust Luga and Primorsk. We used the relevant vessels that we identified through 
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the process described above. Since there were fewer observations than in the AIS database 

provided by the Swedish Maritime Administration and it was difficult to determine the type of 

cargo vessel from the Web site, we created fewer categories of cargo ships. All medium and 

large cargo vessels (bulkers, RoRo and container carriers) were grouped in two categories. 

 
Table 5.2 Distribution of relevant vessels lying at anchor for different ship types at one 
moment 

Category GT interval % of all relevant 

vessels 

% of all relevant 

vessels in Russian 

waters 

Cargo, small 100–5,999 27 21 

Cargo, medium 6000–13,999 10 10 

Cargo, large ≥14,000 20 17 

Tanker, small 100–5999 12 19 

Tanker, medium 6,000–13,999 10 3 

Tanker, large ≥14,000 21 30 

 

 
From the number of ships lying at anchor at one moment on a representative day, and the total 

time they were lying at anchor, we have calculated the extent of ships lying at anchor in the 

area for each ship type in a representative 24-hour period. The calculation was made in the 

following way: For ships registered to have been lying at anchor for only one hour, we 

multiplied the number by 24, for ships at anchor for two hours; we multiplied the number by 

24/2, for ships lying at anchor for three hours by 24/3 etc. Making an observation at one 

moment during a 24 hour period gives only a 1/24 chance to register all ships anchored only 

for one hour. To obtain the right number of ships anchored for one hour, the observed number 

has to be multiplied by 24. For ships lying at anchor 2 hours, the chance of observing is 2/24, 

thus that number is multiplied by 12, and so on. 

 

5.2	Results	of	cost	savings	for	adjusted	arrival	times	
 
 
Concerning adjusted arrival times, the only saving is reduction in fuel consumption, which in 

turn lowers fuel costs as well as emission costs. There are no gains on labour or capital costs, 

since the alternative to lying at anchor is that a ship sails slower. As we reduced the number of 

categories, we made a weighted average of fuel and emission costs for the aggregated 
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categories and we estimated the average speed for ships in each category. The results are 

shown in Table 5.3. 

 
 
Table 5.3 Estimated fuel and emission cost in euros per hour for relevant vessels 

Category Fuel cost per km Emission cost per 

km (main 

alternative) 

Speed 

Km/h 

Fuel and emission 

costs per hour 

Cargo, small 6.3 17.3 19 448 

Cargo, medium 20.1 54.6 24 1,793 

Cargo, large 23.0 63.2 29 2,500 

Tanker, small 6.3 17.3 22 519 

Tanker, medium 17.4 22.8 24 965 

Tanker, large 38.3 50.8 24 2,138 

 
How much can be saved by adjusting arrival times depends on two factors. The first is for 

how many hours before arrival a ship can reduce its speed in order to save fuel. This, in turn, 

depends on how long before berthing ports would be able to provide reliable information 

about berthing time and for how long before berthing ships currently lie at anchor. Ideally, a 

ship should adjust its speed to be able to sail at the most fuel-efficient speed and arrive just in 

time.  

 

The second factor is how much the fuel consumption per hour can be reduced if a ship sails at 

the most fuel efficient speed. Stopford (2010) indicates that a large bulk carrier can save up to 

50 % on fuel by reducing its speed from 14 to 11 knots but underlines that savings vary 

substantially even for the same type of ship depending on age, machinery and hull condition. 

In another report for the MONALISA project13 different possible reductions in fuel 

consumption are discussed. It is found that large container vessels can lower their fuel 

consumption by up to one third by sailing at optimal speed. This is of course at the expense of 

longer sailing times, delays in the delivery time of the goods and a need for more ships. In our 

case, however, there are no such negative effects, because ships only reduce speed instead of 

lying at anchor. Those savings are however limited to the largest bulk and container vessels 

and albeit a substantial potential for savings, it is probably much smaller for most ships 

sailing in the Baltic Sea Region. 

                                                 
13 Impact of measures proposed by MONALISA project on selected aspects of charter parties and contracts of 
carriage by sea. 
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Since we do not know the magnitude of these two factors, we have constructed Table 5.4 

showing the cost savings for different times at fuel-efficient speed and for different 

percentages of fuel savings. We have calculated estimates for ships obtaining information 

about berthing time 1, 4 or 12 hours prior to arrival, assuming that fuel-efficient speed is 25 % 

slower than normal speed. If ships obtain information only one hour before arrival, all ships 

can adjust speed regardless of how long they would have had to anchor. If information is 

given four hours prior to arrival, and fuel-efficient speed is 25 % less, even those ships that 

will only be delayed for one hour can obtain the maximum gain by reducing speed four hours 

before arrival. The cost savings will be four times as large. However, if information is given 

as much as 12 hours before arrival, those ships that will be delayed for one hour can still only 

reduce speed for four hours and ships delayed two hours can reduce speed for eight hours. 

Thus, the maximum savings occur only for ships that would have had to lie at anchor for three 

hours or more.  

 
Table 5.4 shows the gains for the six examples we have selected. They vary substantially 

depending on for how long the vessels can sail at fuel-efficient speed and how much fuel they 

save. If information is provided only one hour prior to arrival, there is only just over one 

million euros per year to be gained by adjusting speed if fuel consumption is reduced by 10 % 

and not more than 6.7 million if it is reduced by as much as 50 %.  A more realistic alternative 

is information given four hours prior to arrival. The calculated gains for information given 12 

hours before arrival can, as mentioned, be obtained only if all ships laying at anchor for three 

hours or more actually sail for more than twelve hours. This is an overestimation, as many 

trips in the Baltic Sea Region are shorter than 12 hours. On the other hand, 55 % of the 

relevant ships lay at anchor for more than 24 hours, so with information given more than 12 

hours in advance further gains can be made by those ships.  

 

Figure 5.4 Cost savings per year in millions of euros from adjusted arrival times in the Baltic 

Sea Region 

 Time prior to arrival information is provided 

Reduction in fuel 
consumption 

1 hour 4 hours 12 hours 

10 % 1.3 5.3 14.8 

30 % 4.0 16.0 44.4 

50 % 6.7 26.7 74.1 
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In the case of adjusted arrival times, the incentives for the shipping companies to comply with 

the system are weaker as they can only save on fuel. By taking shorter routes, shipping 

companies can in the long run also save on labour and capital. When it comes to adjusted 

arrival times, the savings for the rest of society makes up a greater part of the total gain than 

for shorter routes.  

 

As was mentioned above, 40 % of the relevant anchored vessels are outside Russian ports, 

which are the main bottlenecks in the Baltic Sea Region. Tankers are more common among 

the ships anchored in Russian waters, most notably large tankers. Those ships have a higher 

potential for savings due to their larger fuel consumption. Thus, if only EU Member States are 

part of the system, one can estimate that the presented cost savings in Table 5.4 will be 

reduced to nearly half.   
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6.	Costs	of	implementing	dynamic	route	planning	
 
Dynamic route planning requires investments and employing staff in Sea Traffic Coordination 

Centres (STCC) and installing equipment and making equipment updates on vessels 

participating in such a system. As the system is not developed when this report is written, we 

have used today’s Vessel Traffic Service (VTS) centres as role models for the design of 

STCCs. It is a reasonable comparison, because the functioning would be similar, although 

VTS centres provide traffic information in ports and surrounding waters while STCCs will 

coordinate traffic in open waters. All information about costs and design of today’s VTS are 

provided by the Swedish Maritime Administration. We are using figures from Sweden, which 

may be a relative high cost country, in order not to underestimate the costs of implementing 

the concept of dynamic route planning. 

 

 
6.1	Costs	related	to	Sea	Traffic	Coordination	Centres	(STCC)	ashore	
 
It is estimated that a sufficient level of sea traffic coordination would be to have 30 positions 

around the Baltic Sea Region. It is assumed that it takes seven employees to fill each position 

24 hours per day all year round14, “24/7” and that the positions are distributed among six 

coordination centres. Our estimation is built on what is a reasonable number of ships to be 

monitored from one position. It means that on average, each position monitors 83 ship’s 

movements per day, if there are up to 2,500 ships sailing the Baltic Sea Region per day.15 If 

the average time sailed is around 15 hours (see Table 4.1), there will be on average around 50 

vessels at the same time under one operator’s surveillance. The operator will have 

technological equipment that warns for deviations from ships’ route plan so the main tasks 

will be to advice ships on optimal routes and to inform about delays and recommended 

adjustments of speed in order to arrive in time at the optimal speed. 

 

                                                 
14 Today’s VTS centres in Sweden employ seven people per position, which includes staff during vacation, 
training and absence. 
15 From the publicly available traffic flow information (Swedish Maritime Administration 2014), total traffic in 
the region can be estimated. The average total traffic in 2013 passing certain lines in the region was 1,735 per 
day. Traffic with cargo vessels and tankers were 1,216 per day. Not all traffic passes such lines and the 1,578 
vessels we registered on a representative day are 30 % more. Applied to the total traffic, 1.3*1,735 gives a daily 
average of 2,255. To handle traffic on peak days, our example in the text is based on the surveillance system 
designed for 2,500 ships per day. 
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It is estimated that the cost to society for each controller is 60,000 euros per year.16 This is 

slightly higher than today’s cost for a VTS operator in Sweden reflecting a possible need for 

changes in competence. Further it is estimated that each position requires seven people, which 

gives a total of 210 operators for the Baltic Sea Region. In addition to the costs for staff, 2 

million euros per year for the six coordination centres together is used as the fixed investment 

costs, based on the present fixed costs for Sweden’s VTS. 

 

In addition, operators require education and training, and technological equipment in the 

coordination centres needs to be upgraded. For training 10,000 euros for each person in a five 

year period is assumed, and the investment cost for equipment as another 10,000 euros for 

each STCC in a five year period. Altogether, investment and operating costs per year add up 

to 432,000 euros.17 The total annual costs for STCC would be around 15 million euros, based 

on the estimates and assumptions made above. 

 
6.2	Costs	for	the	ships	
 
Ships sailing in the Baltic Sea Region would have to make some investments in order to 

comply with the system of dynamic route planning. Many modern ships already have 

equipment that would only require minor adjustments, whereas others would have to make 

larger initial investments. If dynamic route planning is to be implemented in more areas than 

in the Baltic Sea Region, investment costs ought to be distributed between all areas. However, 

in order to not underestimate the costs, we include all investment costs in our analysis of the 

Baltic Sea Region. 

 

Based on discussion with personnel involved in the MONALISA project, we assume that on 

average, each vessel has to make an investment of 5 000 euros, and that depreciation takes 

place over a five year period. As 2,500 ships are estimated to sail in the area, the annual cost 

for investments the first five years is 2.8 million euros.18 

 

In addition, there will be a cost for the information that is to be sent over the internet or via 

satellite to and from ships. It is difficult to estimate the cost for this communication at the 
                                                 
16 As mentioned in chapter 3, the cost is the opportunity cost in terms of lost value of the employed in the best 
alternative occupation. In this case, we make the standard assumption in cost-benefit analysis, namely that the 
opportunity cost equals the gross wage plus social security benefits. The cost for a VTS operator in Sweden in 
2012 was around 500,000 SEK. With the exchange rate 8.7 SEK/EUR, this equals 57,500 euros. 
17 For staff: (210*10 000)/5 and for STCC: (6*10 000)/5. 
18  With an interest rate of 4 %. 
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time of writing this report, but an annual extra cost of as much as 1,000 euros for each vessel 

for the required data traffic is assumed not to underestimate the costs. With 2,500 ships in the 

area, it amounts to a total of 2.5 million euros per year. The total annual cost for an average 

ship to participate in the system would then be 2,100 euros, unaccounted for any time required 

for crew to operate the system. 

 
 
6.3	Summary	of	investment	and	operating	costs	
 
Our calculations presented in sections 6.1 and 6.2 add up to an annual investment and 

coordination cost of approximately 20 million euros. This is not an exact figure, as neither the 

design of the STCCs, nor the actual technologies required are yet decided upon. However, as 

will be seen in the next chapter where we summarize the results, the costs of the project can 

be up to four times as high in the main alternative and it will remain profitable to society. 

Also in the low alternative, investment and operating costs can be 2.5 times higher than here 

estimated, without jeopardising the profitability of the concept.  
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7.	Summary	and	conclusions	
 
In this report we have studied the benefits and costs to society of implementing dynamic route 

planning at sea in the Baltic Sea Region. With society we mean all parties affected by the 

project. The benefits occur primarily by allowing ships to sail shorter distances, but also by 

adjusting arrival times instead of lying at anchor and thus being able to sail at the most fuel-

efficient speed. The benefits from sailing shorter routes consist of: (1) reduced costs for fuel, 

labour and capital costs, and (2) environmental benefits through fewer emissions. The benefits 

from adjusted arrival times only consist of reduced fuel and emission costs. The costs for the 

new system are mainly for running Sea Traffic Coordination Centres (STCC) ashore as well 

as investments and operating costs for the vessels participating in the system. 

 

In our main alternative, an average reduction of sailed distance by 1 % from shorter routes 

results in a gain for society of 102 million euros per year and 5 % reduction of sailed distance 

results in a gain of 512 million euros per year, see table 7.1. The gains in terms of less 

emission constitute about half of the gain and the remaining parts are savings of fuel, labour 

and capital costs. We make two alternative estimations with a lower and a higher value per 

unit of emission. With the lower value per emission, benefits are 30 % lower and with the 

higher value, benefits are 57 % higher. 

 

Table 7.1 Calculated net gains to society (million euros per year) 

 main alternative low alternative high alternative 

1 % shorter route +102.4 +71.2 +160.8 

Adjusted arrival 

timesa 

+1.3 +5.3 +16.0 +1.3 +5.3 +16.0 +1.3 +5.3 +16.0 

Project costs -20 -20 -20 

Net gain to 

society 

+83.7 +87.7 +98.4 +52.5 +56.5 +67.2 +142.1 +146.1 +156.8 

a The three values for adjusted arrival times show a 10% reduction in fuel with 1 hour at optimal speed, a 10% 

reduction in fuel with information provided 4 hours in advance, and a 30% reduction in fuel with information 

given 4 hours prior to arrival. Values are taken from Table 5.4. If information is provided 12 hours before, a 30 

% reduction in fuel consumption would give 44 million euros in annual gain. 
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It remains to be determined how much shorter routes dynamic route planning may result in. 

However, this study shows that there are large gains to be obtained. There are some relations 

in the Baltic Sea Regions where the scope for shorter routes is limited and where ships sail 

more or less the shortest distance already. However, there are other areas where ships take a 

longer route i.e. due to traffic separation systems. This may be the case in Kattegat, around 

the Southern Swedish coast and through the Sea of Åland. From the Swedish Maritime 

Administration’s publicly available traffic flow information, based on AIS-data from 2013, 

(Swedish Maritime Administration 2014) it can be calculated that the average daily traffic 

with cargo vessels and tankers in Öresund, between Bornholm and Sweden, and through the 

Sea of Åland is nearly 20 % in relation to the 1,278 vessels we found sailing in the Baltic Sea 

Region on a representative day. If 20 % of the ships are able to reduce their sailed distance by 

5 %, the average reduction will be 1 %.  

 

The distance from the entrance point into the Baltic Sea Region, south of Gothenburg, to 

north of Bornholm, is longer for inbound ships than for outbound vessels owing to present 

separation systems. It is possible that inbound ships sail a 5 % longer route than outbound 

ships through Öresund and around 7 % longer through the Great Belt. Simulations within the 

MONALISA project have resulted in a possible reduction in fuel consumption of up to 12 % 

if the routes in Kattegat were optimized (Markström&Holm, 2013). This calculation was 

made for ferries, cargo vessels, and tankers with a depth over 5.3 meters during January 2012. 

 

To verify the benefits of dynamic route planning, it is important to determine the actual 

potential of reducing sailed distance. As the costs are estimated at around 20 million euros per 

year, the average reduction in sailed distance needs to be at least 0.25 % to ensure the 

profitability to society in the main alternative, adjusted arrival times unaccounted for. 

 

The benefits from adjusted arrival times depend on how long ships can sail at the most fuel-

efficient speed and how much fuel is saved by doing so. The former depends on the 

information from ports and the latter on the type of ship and the difference between the 

current speed and the most fuel-efficient speed. Near half of the gains are however related to 

the Russian ports in the Baltic Sea Region. If those ports do not participate in the system, the 

gains of adjusted arrival times will be reduced to nearly half of the presented figures. 
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Our estimates of the costs for the system cannot be exact, as the technological and 

organisational solutions are not fully developed at the time of writing this report. The cost for 

running six coordination centres (STCC) with seven positions each are estimated at 15 million 

euros per year. In addition, investment and operating costs for ships sailing in the Baltic Sea 

Region are estimated to be around five million euros per year. 

 

In our main alternative, with a 1 % reduction of sailed distance, the net gain to society is 84-

98 million euros per year, depending on how much can be saved by adjusting arrival times. 

The benefits in this alternative are at least five times higher than the costs. The Swedish 

Transport Administration (2014) categorises investment projects in the transportation sector 

according to their socio-economic profitability. There are four levels of profitable projects. To 

reach the highest level “very high profitability”, a relation between benefits and costs of at 

least two is required. Regarded in relation to other projects, the concept of dynamic route 

planning at sea with a relation around five is a very profitable project. 

 

The most critical part of the estimations is the values per unit of emission. Even in the low 

alternative, the net gain to society would be around 53-67 million euros per year. The second 

most critical factor is how much shorter routes can become. If, for example, routes would 

instead be as much as 5 % shorter, the net gain would increase to between 493 and 508 

million euros per year. Thus, our conclusion is that dynamic route planning at sea seems to 

show significant net benefits for society and should be implemented according to the criteria 

in cost-benefit analysis.  
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