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Summary and recommendations 

The main route discussed for mitigating CO2 emissions from shipping is through 
increased energy efficiency. Many operational measures that cost-efficiently decrease 
the energy consumption for shipping companies are available; however, assessments 
indicate that they have not been fully implemented. Speed reduction due to improved 
port efficiency has previously been highlighted as a measure with high potential for 
increased energy efficiency at a low investment cost.  

The purpose of this report is to investigate the possibilities to reduce speed at sea 
when the turnaround time in port is decreased and how this affects the total energy 
consumption. The research is based on a case study of one short sea bulk shipping 
company operating in Northern Europe. Quantitative analyses of voyage reports, 
vessels’ energy consumption curves and Statement of Facts (SoF) for two shipping 
services were combined with information gained from interviews with onshore 
managers and operators at the shipping company, ship crew members and managers 
in ports. 

The largest sources of unproductive time in port that could be minimized to improve 
turnaround time are waiting time due to the ports’ hours of operation, as well as 
waiting time at berth before loading and discharging due to early arrival. Scenarios 
have been developed from quantitative and qualitative data in the study that result in 
1 to 4 hours of decreased time per port call. With a corresponding speed reduction at 
sea, the potential for improvement in energy efficiency is 1-5%. This is substantially 
lower than other assessments found in the literature, but is still impressive. The low 
investment costs could be confirmed qualitatively, but the transaction costs involved 
for communication and monitoring between stakeholders could contribute to the slow 
implementation of this measure. 
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1 Introduction 

Shipping contributes to a substantial amount of CO2 emissions globally. In a 
report to the International Maritime Organization (IMO), Buhaug et al. (2009) 
estimated them to account for 3-4% of all global emissions in 2007. Increased 
energy efficiency through better operational practices, new technologies and 
logistic systems will be key to the work to reduce these emissions. Energy 
efficiency in shipping is often defined as energy used per transported goods 
and distance (e.g. kg of fuel per ton cargo and nautical mile). In this study, 
there is a focus on energy used per nautical mile).    

The potential for decreased CO2 per transportation work in a cost-efficient 
manner through increased energy efficiency is significant. Buhaug et al. (2009) 
estimated that a 25-75% increase in CO2 efficiency could be reached in a cost-
efficient manner of which the majority was due to measures directed at energy 
efficiency. Eide et al. (2011) later assessed that reductions of up to 24% could 
be achievable at a negative cost. Marginal abatement cost (MAC) curves are 
used in these studies as a measure of cost-effectiveness (see Faber et al. (2011) 
for a review). Measures are ordered based on the sum of discounted current 
and future costs and savings, adjusting for previously implemented measures. 

That such a large potential seems to be available without being implemented 
seems like a paradox. However, the situation is similar in many other sectors 
and has been referred to as an energy efficiency gap (Jaffe and Stavins, 1994). 
Researchers, policy-makers and industry have discussed this topic since the oil 
crisis of the 1970s, using a multitude of research frameworks. For example, 
from a transaction cost economics (TCE) perspective, the gap indicates that 
transaction costs associated with the measures, such as administrative costs 
for implementing measures or search costs for actors to find information on 
measures, are large enough to ensure that implementation is in reality much 
slower. Kesicki and Strachan (2011) have criticized the use of marginal 
abatement cost (MAC) curves in policy-making for such reasons. Many 
researchers have used the inter-disciplinary concept of “barriers”, often 
referring to the definition by Weber (1997): what is an obstacle to whom in 
reaching what regarding energy efficiency. A discussion on barriers to energy 
efficiency in shipping can be found in Johnson and Andersson (2011). 

One measure with large potential to increase energy efficiency in shipping is a 
decrease in ship speed due to increased port efficiency. Faber et al. (2011) 
estimated that up to 10% improvement in energy efficiency could be possible. 
Bazari and Longva (2011) determine a potential ranging from roughly 10-20%, 
depending on ship size and type. Port efficiency as a major possibility for 
increasing energy efficiency was also highlighted by Johnson et al. (2012). 
Further, according to Eide et al. (2011), increased port efficiency is among the 
measures with greatest saving potential. It is also one of the less costly 
measures, with an abatement cost of below -60USD/ton CO2, as seen in the 
MAC curve in Figure 1. 
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Figure 1. Average marginal abatement cost per reduction measure for the 
world fleet in 2030 (Eide et al. 2011, p. 25). 

The purpose of this research is to develop further knowledge of speed 
reduction due to increased port efficiency and investigate why the potential is 
estimated to be so large without being realized by stakeholders in the market. 
As argued by Shove (1998): “technical potential which cannot be realised for a 
range of perfectly explicable sociotechnical reasons is not really technical 
potential, or at least it is not technical potential which is of any relevance in the 
race to reduce CO2 emissions.” This study focuses exclusively on total 
turnaround time as a measure of port efficiency. This is what directly affects 
energy efficiency of the shipping supply chain, as a faster turnaround time 
often can be translated into energy savings due to lower speed, depending on 
market conditions.  

The report is constructed as follows: 

Section 2, on short sea shipping, energy efficiency and ship speed, and port 
efficiency, sets the theoretical background for the analysis. It is followed by 
section 3, methodological considerations, and section 4, which describes the 
empirical outcome of the case study. Section 5 contains the assessments of the 
actual potential for increased energy efficiency. These results together with the 
case study are analysed and discussed in section 6, followed by a presentation 
of final conclusions in section 7. 
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2 Theoretical background 

Energy efficiency measures are typically divided into four categories: technical; 
alternative fuels and/or power sources; operational; and structural measures 
(Eide et al., 2011). The focus in this work is mainly on structural changes that 
are characterised by two or more counterparts in shipping working together to 
increase efficiency and/or reduce emissions. An example of structural changes 
is speed reduction due to port efficiency, which requires effort from both the 
shipping company (crew and onshore management) and port management. 
These types of changes are believed to have significant potential to increase 
energy efficiency, but are generally hard to develop and implement (Eide et al., 
2011). 

2.1 Short sea shipping 

Traditionally, the maritime transport industry has been divided into two major 
sectors: liner shipping and tramp shipping. Liner shipping provides regular 
services between specified ports according to timetables and usually carries 
cargo for a number of different shippers, whereas tramp shipping is irregular in 
time and space, and the vessels are usually chartered to carry a full shipload of 
cargo (UNCTAD, 2004). Some liner services commute between two ports and 
others visit a string of ports in a fixed sequence. Furthermore, a third general 
mode of operation in shipping is sometimes also used, in which the cargo 
owner or the shipper controls the vessels: industrial shipping (Christiansen et 
al., 2004). In industrial shipping, the shipping company often has a larger 
responsible for meeting the demands of the supply chain of the industry 
served. 

Short sea shipping (SSS) is the movement of cargo and passengers by sea 
between ports on routes that do not involve an ocean crossing, and currently 
accounts for nearly 40% of all cargo moved in Europe. The volumes have 
increased over the years, while the market share has been stable (EC, 2012). In 
2010, total short sea shipping in the EU-27 was close to 1.8 billion tonnes of 
freight and represented 62% of EU-27 maritime transport of goods (Eurostat, 
2012). The largest type of cargo is liquid bulk, which accounted for almost half 
(48%) of total short sea shipping of goods to and from the EU-27, and dry bulk 
was the second largest type of cargo at 19%. Thus, bulk shipping is a very 
important part of the European waterborne transport network. 

Bulk shipping is distribution of unpacked or large parcels of raw material and 
bulk cargo. The bulk cargo can be divided into liquid bulk, such as crude oil and 
dry bulk, e.g. grains, coal and ore. All three shipping modes of operations are 
represented in bulk shipping: liner shipping, tramp shipping and industrial 
shipping; as are all types of contracting practices (Pirrong, 1993). These are the 
voyage charter (shortly negotiated spot contract of a particular cargo between 
a load port and a discharge port), the time charter (the shipper obtains the 
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services of a ship for a specific period of time and pays for all fuel the vessel 
consumes, port charges, and a daily hire to the shipowner, while the owner still 
manages the vessel), and the contract of affreightment, which is a relatively 
long-term contract where the shipowner undertakes to carry cargo within a 
specified period of time on a specified route, which sometimes requires several 
vessels.  

The vessels used for the short sea trades are often smaller versions of the 
vessels used for deep sea trades (Stopford, 2009), and the time spent in port is 
in general longer on an annual basis compared with deep sea shipping. Many 
dry bulk carriers can carry different types of cargo on different voyages. The 
ballast leg, i.e. a voyage with no cargo on board, to get a ship in position for the 
next load port, is very common in bulk shipping due to the geographical 
constitution of production and consumption regions in the world, see Figure 2. 
Further, some of the common bulk commodities, e.g. grains, are affected by 
seasonal demand fluctuations. All these put great demand on the operators at 
the shipping companies to find profitable combinations of assignments. 
Consequently, good knowledge of the market is required among the short sea 
shipping companies, as well as organisation skills to achieve flexible positioning 
of vessels, minimisation of ballast legs and avoidance of being caught over 
weekends or holidays in ports (Tinsley, 1984). 

 

 

Figure 2. Bulk shipping often involves a ballast voyage to reposition the vessel 
after a laden voyage 

2.2 Energy efficiency and ship speed 

The diminishing demand for transportation in the autumn of 2008, due to the 
financial crisis and the economic downturn, in combination with the arrival of 
many new-built vessels from the shipyards, resulted in a lot of excess capacity 
in the world fleet (UNCTAD, 2009). As a consequence the  the shipping 
companies also decreased speed, i.e., used slow steaming, to decrease the 
excess capacity by tying up existing capacity and to save costs in bunker fuel 
(Styhre, 2010). 

Speed reduction as a method to reduce emissions from shipping has received 
attention for a long time. It was introduced during the oil crisis of the 1970s as 
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a means to reduce fuel costs and reduce idle tonnage (Chrzanowski, 1980; 
Ronen, 1982). Because the relationship between ship speed and fuel 
consumption is exponential (often simplified as being proportional to speed to 
the third power), a reduction in speed results in an even greater reduction in 
fuel consumption. An underlying assumption in previous studies is that speed 
reduction takes place while total transportation work is kept constant. In the 
case of constant port performance, this means an increased fleet size, at a cost 
of providing these additional ships. The difference between these two 
measures can be seen in Figure 1 above, where increased fleet size has a large 
impact on CO2 emissions but comes at a much higher cost than port efficiency, 
which has a negative cost.  

Due to the existing overcapacity of ships, increased fleet size resulting from 
slower speed has also in present shipping markets been argued to be a win-win 
situation (Lindstad et al., 2011). Corbett et al. (2009) found that a fuel tax of 
150 USD/ton fuel would lead to reductions in CO2 emissions of about 20-30%. 
Lindstad et al. (2011) estimated that emissions could be reduced by 28% 
through a 19% increase of the world fleet at zero cost, by including also capital 
cost for the transported goods. 

A speed reduction enabled by faster turnaround times in port requires no 
change in fleet size or distribution. While the potential for this kind of measure 
has been assessed previously, as indicated in the introduction, no previous 
studies have been found that ground these assessments in empirical data in a 
transparent way. 

2.3 Port efficiency 

Expansion and reduction of port capacity can be carried out by structural 
measures or non-structural measures (Dekker, 2005). Structural measures 
result in facilities expansion and are capital intensive, show economies of scale, 
and require a long time between planning and implementation. Non-structural 
measures improve utilisation of existing capacity by supply management 
measures (e.g. improved information handling, better terminal design, 
smoother changes of work shift, etc.) and demand management measures 
(e.g., congestion pricing and redirection of cargo flows). 

Literature on port efficiency based on quantitative data related to optimisation 
of logistics systems in container terminals, berth planning and stowage 
planning problems, allocation of equipment per vessel, quayside and 
hinterland transport is extensive (Steenken et al., 2004). Paixão and Marlow 
(2003) argue that most of the research studies conducted on port performance 
are based on quantitative measures. Further, there is a predominant focus on 
container terminals, while bulk cargo ports were seldom investigated. 
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Shipping companies prefer using terminals with unutilised capacity as this 
decreases the risk of congestion and increases the chances of being served 
faster on the sea side. The competitiveness of a port can be measured in short 
turnaround times (Steenken et al., 2004), and port efficiency can be reflected 
in the turnaround time (e.g. Tongzon, 2009). The total turnaround time, from 
pilot to pilot, is shown in Figure 3. This figure indicates that a port call consists 
of many activities other than loading and discharging of the vessel, which 
actually occupy a great share of the turnaround time for the vessel. On average 
approximately 50% of the time a short-sea vessel spends in port can be related 
to activities other than cargo handling (Andreasson, 2010). 

 

 

Figure 3. Activities related to a port call affecting the total turnaround time for 
the vessel. 
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3 Methodological Considerations 

This research focuses on energy efficiency in bulk shipping with a geographical 
coverage of ports around the North Sea and the Baltic Sea. The research is 
based on a case study of a bulk shipping company operating in Northern 
Europe. A case study approach based on both quantitative and qualitative data 
was chosen, as it can provide unique means of developing theory by utilising in-
depth insights of empirical phenomena and their context (Dubois and Gadde, 
2002) and has also been argued to be suitable to provide depth and insight into 
little known phenomena (Ellram, 1996). Recognizing that real world problems 
are “ill-structured, even messy”, Näslund (2002) similarly emphasised the need 
to introduce more qualitative aspects in research on logistic problems. 

This study focuses exclusively on the reduction of delays, waiting times and 
unnecessary breaks in loading and unloading activities of the vessels in the 
port, as it is believed that the slack time in port has the largest saving potential 
in relation to costs. Reduction in waiting time and breaks require foremost new 
procedures and routines rather than new investment in equipment.  

Two types of quantitative data were gathered from the shipping company. 
First, voyage reports, which were filled out by ship crew according to a 
standardized Excel sheet and sent to the operational department. These 
reports  contain data on speed, fuel consumption, time in port, time carrying 
pilot, and time in sea transit including ballast legs and laden leg. Second, 
Statement of Facts, which were sent to the operational department by the 
port, and which provide details on activities in port, such as type of cargo and 
volumes loaded/unloaded, arrival and departure times, cargo handling time, 
breaks, clearance inward and outward, etc.  

Quantitative analysis of voyage reports and Statement of Facts for two shipping 
services in 2011 was combined with interviews, which resulted in an 
empirically grounded scenario for saving potential time in port. Nine interviews 
were carried out with onshore managers and operators at the shipping 
company, ship crew and managers in ports. The interviews combined with 
quantitative analysis of Statement of Facts resulted in possible realistic 
scenarios for reduction in turnaround time for the vessels. Further, barriers to 
realizing this potential were explored and analysed qualitatively. Furthermore, 
additional interviews with three different bulk shipping companies operating in 
Northern Europe were initially carried out to better understand possibilities to 
decrease turnaround time and increase energy efficiency in the bulk shipping 
market. 

Data pertaining to time, speed and fuel consumptions for different operational 
modes (in port, from port to pilot station, in sea transit, from pilot to port) 
found in voyage reports for the two ships were entered into a Matlab 
environment. Each actual port call was shortened according to the developed 
scenarios, and the corresponding sea transit time increased equally, with the 
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exception of the cases where the speed was already so low that decreasing 
further would increase the fuel consumption per nautical mile. Theoretical fuel 
consumption was calculated for the original and increased speeds for all trips, 
using an algorithm developed at SSPA, a Swedish maritime consultancy. These 
algorithms are described in the Appendix. 
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4 Case study of a dry bulk short sea shipping company 

This research is based on a case study of a bulk shipping company operating in 
Northern Europe. The company had around 20-25 vessels in traffic in 2011, 
mainly on time-charter contracts including third party crewing and technical 
management. Two shipping services were selected and data for year 2011 
were used. The vessels carried a broad range of bulk cargo, including steel coils, 
pulpwood, steel scrap, crushed granite, asphalt granulate, timber, sawn timber, 
wheat, etc.  

For Ship A, 65 port calls were registered during 2011, including 38 different 
ports, as calculated from the SoF-reports (SoF data for ship B was not 
available). Most voyages were less than 4 days, as seen in Figure 4. 

 

Figure 4. Histogram of sea transit time 

Time spent in different operational modes, as calculated from the voyage 
reports, is shown in Figure 5. The modes are defined as time in port, time at 
sea (laden or without cargo on-board, i.e. in ballast) and time approaching or 
leaving the port. For the two shipping services approximately 40% of the total 
time was spent in port.   
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Figure 5. Operational profile, Ship A (above) and Ship B (below) 

4.1 Respondents’ perception of the potential for improved efficiency 

The important findings of the interviews with onshore managers and operators 
at the shipping company, ship crew and managers in ports are summarised 
below. 

Saving potential in turnaround time in port 

The ports called at by the bulk shipping company in the study are very diverse 
with regards to efficiency, capacity, equipment, etc. and there is a large range 
of types of cargo handled. Thus, the saving potential in turnaround time varies. 
However, two operational employees at the shipping company were asked to 
estimate time saving potential in ports. The potential for increased port 
efficiency was assessed to range from 1-4 hours. Important activities for time 
reduction in port, according to the respondents, are waiting for a pilot, open 
hours in port and waiting for cargo to reach the quay. Bad weather was 
mentioned as a big problem as many types of bulk cargo are sensitive to rain 
and snow, but this is out of the control of the shipping company and the port. 
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Most respondents mentioned limited open hours as a central issue for short 
turnaround time and for the possibility to plan the voyage. Many dry bulk ports 
are closed at night and on weekends, which means that the time in port can be 
substantially increased if the vessel is not loaded before closing time at nights 
or before the weekend starts. Many ports offer overtime, but this is often 
voluntary and can therefore not be guaranteed in advance.  

Communication  

The communication between the different actors is important for a ship’s 
energy consumption. The interplay between the operator in the office and the 
crew on the vessel seems to be affected by the operators’ heavy workload. 
Furthermore, operators often don’t have extensive on board experience, which 
makes it difficult for them to suggest energy efficiency measures other than 
reduced speed. One respondent described how voyage instructions were not 
clear and that they are not the most effective from an economic point of view: 
“The slowest possible is not always the lowest consumption per day. The main 
engine consumption per day is what the operators are looking at. For example, 
they are not looking at the main engine’s need for full speed one hour per day 
to be clean.” There also seems to be little time for an in-depth analysis of 
vessels’ energy consumption and the fact that the voyage reports only indicate 
energy consumption per trip makes it difficult to follow up the vessels’ 
performance in detail. Further, there are crews that are using a manual method 
of measuring bunker volumes as the vessels don´t have installed equipment. 
This means that there could be a deviation between actual and measured 
consumption. 

The communication between the vessel and the port and/or the agent is also 
of great importance. One shipping company stated: “We are trying to get our 
crew to communicate with the port before they arrive. […] If the cargo is not 
ready or if there is congestion, we can have a dialogue with them and 
potentially we can decrease speed”.   

Agreements and contracts 

Contracts and legal issues, such as demurrage, are important for energy 
efficiency as they can remove incentives for a reduction in energy 
consumption. Demurrage is an ancillary cost that represents liquidated 
damages for delays that occur when the vessel is prevented from loading or 
discharging of cargo within the stipulated lay time. Consequently, there is a 
balance between savings in bunker costs due to reduced speed and demurrage 
in port. Thus, the demurrage decreases some of the incentives to reduce speed 
at sea. One solution that was mentioned is implementation of “virtual ETA” 
with the purpose of sharing costs between the shipper and the shipping 
company. One respondent highlighted this: “But we are looking into a 
complicated legal issue which means we can reduce speed and, consequently, 
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the [energy] consumption but we still get the demurrage that we are entitled 
to.”  

The charter contracts sometimes counteract potential energy reduction. If the 
shipowner, and not the shipping company, is contractually responsible for the 
crews and the vessels, and the cargo owner that the shipping company has 
contracts with is paying for the energy costs, the shipping company has very 
little incentive to reduce the energy consumption. 

4.2 Quantitative description of the potential for reduced turnaround 
time 

Statement of Facts for one of the ships was studied in order to explore how 
time was spent in port. Table 1 shows the division of time in port that is not 
related to loading and unloading of the vessel. Factors not within the sphere of 
influence of either the shipping company or any actor in the port were 
excluded, such as waiting for unloading due to bad weather. For this vessel, 
48.3% of the annual time in port involves waiting for various processes to start. 
This means that the vessel is not productive 45 days per year. 

Table 1. Breakdown of total time in port 

 Average time per 
port call (hrs.) 

Total (hrs.) Percentage of total 
port time 

Waiting for stevedores at 
berth when the port is closed 
at nights or weekends 7.6 494.0 22.2% 

Waiting at berth for port 
operations to start due to 
early arrival when the port is 
closed 5.9 380.5 17.1% 

Waiting after arrival during 
open hours due to e.g. 
congestion 1.7 112.0 5.0% 

Waiting for departure after 
finished loading/discharging 1.1 73.9 3.3% 

Waiting for pilot 0.7 43.8 2.0% 

Waiting due to clearance 
procedures, hatch opening 
problems etc. 0.2 13.4 0.6% 

TOTAL  

17.2 1073.8 48.3% 

 

The average values in the table are not always good indicators. For the majority 
of the port calls (almost 60%), the ship is able to enter and leave on the same 
day. For the rest, the loading operation takes more time and the ship is often 
delayed due to ports being closed at night and sometimes also on the 
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weekends, which substantially prolongs the time in port. The other major 
category, time spent waiting at berth for port operations to start, also varies 
greatly, as depicted in the histogram in Figure 6. 

 

 

 

Figure 6. Histogram of waiting time (hours) at berth before start of port 
operations 
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5 Assessing impact on energy efficiency 

In order to calculate increase in energy efficiency a realistic cut in turnaround 
time in port was investigated. The interviews in combination with analysis of 
Statement of Facts established that a reduction between one and four hours 
on average would have been possible for the studied bulk shipping services. 
The scenarios of 1, 2 and 4 hours of decreased time in port for the two vessels 
was used to calculate potential increase in energy efficiency.  

Each actual port call was shortened according to the developed scenarios, and 
the corresponding sea transit time increased equally, with the exception of the 
voyages with such low speed that further increase in energy efficiency is not 
possible. The results are summarized in Table 2. 

Table 2. Efficiency improvements for the three scenarios with 1, 2 and 4 hours 
of reduced voyage time 

 

 Ship A Ship B 

1 hour  1.1% 2.0% 

2 hours 1.9% 3.4% 

4 hours 2.8% 5.1% 

 

From a methods point of view, the different potentials may originate from the 
different fuel consumption algorithms (ship B consumes slightly more for the 
same speed), the distribution of voyage lengths (which are similar, see Figure 
4), and the distribution of speed (see Figure 7). The speed on an annual basis is 
higher for Ship B than for Ship A, which can partially explain the differences in 
impact on energy efficiency. According to the speed-consumption curve the 
most fuel-efficient speed is around 10 knots for both vessels. Thus, increased 
transit time that leads to speed decreases towards 10 knots means less energy 
consumption per nautical mile. Consequently, increased port efficiency can 
contribute to the portfolio of energy efficiency measures available to a ship 
operator. 
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Figure 7. Histogram of ship speeds 
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6 Discussion 

The study showed that on average, half of the time in port is spent on 
unproductive activities, and that the energy efficiency improvement potential 
for the vessels was 1-5%. Waiting times were mainly due to limitations in ports’ 
open hours and the fact that the vessels have to wait before loading and 
discharging.  

Two major sources of potential for increased port efficiency identified in this 
research are a just-in-time arrival and longer open hours in ports. However, the 
shipping spot market requires continuous geographical rearranging of vessels 
and fast decisions, which make long-term planning difficult. One respondent 
stressed this: “When you have a liner service, you can plan. But we [on the spot 
market] change the routes all the time, and often we are very much in a hurry”. 
Further, late arrival can have severe consequences, e.g. high costs in waiting 
stevedores, delays that affect the next voyage, or several days of 
unemployment for the vessel if a laycan for a voyage is missed. The risks of late 
arrival in relation to the extra tonnes of bunker fuel means the shipping 
company tends to prioritise having a few extra hours at the pilot station.  Still 
there are steps towards just-in-time arrival that can be taken. The result shows 
that roughly half of the voyages had an early arrival that exceeded four hours.  

Most bulk ports are closed at night and at weekends, which results in long 
waiting times for the vessels. Longer open hours seem to be a combination of 
costs in overtime for the port and the shipping company, and a trade union 
matter. Shipping is a complex business with many decision makers involved in a 
port call, which means that the turnaround time of the vessel is in the hands of 
parties other than the shipping company. Time in port is bought by the 
charterer at a rate regulated in the charter party and it is really up to him how 
he uses that time. There is a need for better knowledge of the costs incurred 
from the waiting in relation to increased work shifts of stevedores.  

The question is how the potential can be so large without being realized. 
Especially considering that reducing slack does not require major investments 
in infrastructure and equipment but is more a question of available labour and 
changed routines. One reason identified in this research is related to slim 
organisation that could be a result of poor market conditions with low 
profitability for many shipping companies. The operators in the office often 
have large responsibilities for several vessels. There is little time for working 
proactively and conducting in-depth analysis of bunker consumption for single 
trips. The latter also requires a very good knowledge of technical and 
operational aspects of shipping that few operators possess, e.g. ballast 
requirement, effects of ice conditions on the vessel and its operation and 
technical features of the engine.  

Thus, this research highlights a reason why increased efficiency may appear to 
be so cost-effective in previous assessments; that there are more costs 
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associated with monitoring, analysing and human resources, i.e. managerial 
transaction costs.  

Another reason for not applying more energy efficient measures is that even 
though bunker oil is a large part of shipping companies’ expenses, the 
consumption is of secondary importance. The shipping companies’ main focus 
is on profit, which sets the speed. This means that if the turnaround time 
decreases the company has a choice between slow steaming and increased 
transport work.   

Previous research has identified port efficiency as a key measure in increasing 
energy efficiency in shipping. The results of this work provide further 
arguments for this notion. However, the potential is much smaller compared to 
previous assessments. An important reason is that the ships in this case study 
were already traveling at low speeds and close to the most economic speed of 
around 10 knots, as displayed earlier in Figure 7. Decreasing the speed further 
would even in some cases yield higher total consumption. The low speed for 
the vessels in 2011 is a result of the recession, and would therefore increase in 
a better market. Thus, increased port efficiency would entail even larger 
potential efficiency gains in times of prosperity. However, there would be a 
trade-off between decreased energy use and increased earnings by higher 
speed to raise the annual tonne-kms transported. This kind of scenario has 
been discussed by Ronen (1982). 

An important assumption in this study has been that the prevailing low market 
implies that it is more cost-efficient for the shipping company to go at reduced 
speed, rather than to pick up speed again and carry more cargo per year. What 
happens when the market picks up? This argument was also raised during the 
1980s, that “these are merely short term measures which cannot solve the 
actual problems of the industry in the long run” (Chrzanowski, 1980). A captain 
in the study explained: “It is ship business. Generally, we have to take more 
cargo and with maximum speed transfer it to another port. That is business. 
For me it is never mind, I can go slow steaming with minimum [energy] 
consumption, but it is not business.” 

This report’s primary focus is bulk short sea shipping in Northern Europe. 
Consequently, the results are best applied to this area, even though the 
institutional similarities within the group of short sea shipping to some extent 
allows for a generalisation of the results. Steps taken in the direction of 
generalisation comprise interviews with onshore managers, ship crew as well 
as managers in ports, which means that input from persons with different 
types of competences and perceptions were included. Furthermore, additional 
interviews with three different shipping companies operating in Northern 
Europe were initially carried out to better understand their conception of the 
possibilities to decrease turnaround time and increase energy efficiency at sea. 
The result is thus applicable to other shipping services, both liner services and 
vessels that operate in the spot market, with similar characteristics. 
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Additionally, the methodology of calculating potential energy efficiency in 
shipping due to reduction in turnaround time developed in this work is well 
applied in other shipping segments. 
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7 Conclusions 

The main route discussed towards mitigating CO2 emissions from shipping is 
through increased energy efficiency. This report focused on speed reduction 
due to improved port efficiency as this has been emphasised in previous 
research as a measure with high potential and low investment costs. 

Even though factors outside of the control of the shipping company and the 
port, e.g. severe weather, were excluded from the analysis, almost 50% of the 
time in port for the studied vessel includes waiting for various processes to 
start. The largest sources of unproductive time in port identified in this 
research were:  

• waiting time due to the ports’ open hours, and 

• waiting time at berth before loading and discharging due to early arrival.  

Two major sources of potential for increased port efficiency identified in this 
research are a more just-in-time arrival and longer open hours in ports. A 
conservative scenario developed in the study, involves a reduction in 
turnaround time between 1 and 4 hours. With a corresponding speed 
reduction at sea, the energy efficiency potential for the study vessels is 1-5%.  

It is often argued that there is a contradiction in the fact that cost-efficient 
measures to increase energy efficiency in shipping are available but not fully 
implemented. However, this study shows that other (transaction) costs related 
to management may make port efficiency difficult to increase. Further research 
is needed to understand what may improve this situation. 
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Appendix 

Ship speed-consumption curves 

Based on experience from SSPA and data from the shipping company, energy 
consumption curves where created based on the general formula: 

 

where Cvref is the nominal consumption of the ship at a reference speed vref 

(e.g. charter-party speed), CPPcorr a factor to compensate for the low 
performance of Constant Pitch Propellers at low speeds, and a an exponential 
here taken as 3.8 to compensate for speed and Froude number of the vessels. 

 

 

fc = Cvref ∗ (CPPcorr +  1− CPPcorr  ∗ (
v

vref
)a 


