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Abstract

In this bachelor thesis research has been conducted on the question whether slow steaming has an effect on delivery reliability in liner shipping. This research consisted of a theoretical part, in which the findings of relevant academic articles are discussed, as well as an empirical part, in which the results from a survey among shippers and forwarders that are active in the port of Rotterdam are presented. In the past there has not been a consensus about the effect of slow steaming on delivery reliability. Although this is contradicted by some theoretical articles, the results from surveys of other researchers as well as from my own survey show that there is no effect of slow steaming on delivery reliability. Because of slow steaming shipping lines have the possibility to speed up in case of delays, but according to the empirical results this option has not lead to an increase of delivery reliability. This would imply that shippers are only experiencing a negative effect from slow steaming, namely the increase in inventory costs, whereas shipping lines are benefiting in multiple ways. However, there are some limitations present regarding the empirical results. Because the theoretical and empirical results contradict each other, it is concluded that there may not be a positive effect of slow steaming on delivery reliability.
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During the last decades, the extent to which the world is globalised has increased heavily. Mass production of products, consisting of components from in some cases a wide variety of locations, and worldwide distribution have been made possible. The worldwide maritime transport sector, along with its innovations during all these years to transport goods cheaply between places all over the world, plays an essential role in many supply chains. However, during the years before 2007 the fuel price has increased considerably, putting enormous pressure on carriers to find a sustainable way to safeguard future profits (Bonney & Leach, 2010; Lee, Lee & Zhang, 2015). From the end of 2007 onwards, slow steaming has therefore become a popular practice in worldwide maritime transport. Slow steaming means that carriers let their ships sail more slowly in order to save relatively high amounts of fuel. This leads to lower fuel costs for carriers and reduced emissions of greenhouse gasses (Hong Liang, 2014).

The practice of slow steaming causes a conflict between carriers on the one hand, which have chosen to implement it and therefore not unsurprisingly benefit in terms of cost savings, and shippers on the other. Slow steaming results in longer transit times, which increases shippers' costs in terms of higher shippers' in-transit (pipeline) inventory levels and higher safety stock needs due to lower forecast accuracy for example (Bonney & Leach, 2010). Furthermore, longer transit times create problems concerning perishable goods (Page, 2011). According to Maloni, Paul and Gligor (2013), there would be a benefit for shippers as well, namely the improvement of schedule reliability, which would reduce safety stock needs. This improvement of reliability would be caused by ships having the possibility to increase speed when encountering delays during their voyage (Maloni, Paul, & Gligor, 2013). When sailing at full speed this would not be possible (Kloch, 2013). However, Gallagher (2010) found that this benefit of higher reliability was not recognized by shippers, which was a few years later confirmed by Lee et al (2015), as carriers would remain reluctant to speed up.

In this thesis the effect of slow steaming on the factor 'delivery reliability' will be looked into. According to Notteboom (2006), the reliability of a liner service network can be defined as "the probability [that] one or more of its links does not fail to function, according to a set standard of operating variables". In other words, the reliability has to do with the probability that a ship unloads its cargo in a certain port on time, which would be according to an official schedule (Notteboom, 2006). Shippers have been very disappointed in the past about carriers not willing to lower their prices in order to share their benefits of slow steaming with them, while they were encountering mostly negative effects (Maloni et al, 2013). On the one hand, if shippers can provide carriers with evidence about the lack of improvement of delivery reliability during freight rate negotiations, both parties may agree to a lower freight rate. This may also benefit final customers, as the prices they pay to the shippers could then be (partly) lowered. However, freight rates are dependent on many variables, so a different perception in negotiations towards this factor would perhaps not lead to substantial changes. On the other hand, if there appears to be an improvement of delivery reliability, the future perspective of slow steaming could flourish, which would be very beneficial for the environment, as the total emission of greenhouse gasses is reduced due to this practice.

Currently the bunker price is as low as during the early 2000s and it has not been lower since (Wackett, 2016). It is arguable whether slow steaming will be practiced in the future if the bunker price decreases even more, because then carriers would probably profit from speeding up the transit time of their ships. For now, however, carriers appear to be reluctant towards abandoning slow steaming, mainly due to very low vessel charter rates and container leasing rates (Barnard, 2016). Therefore research on slow steaming is still relevant, at least for the near future.

As is indicated before, shippers may not experience a higher delivery reliability due to slow steaming. Some academic research has been conducted on the effects of slow steaming on carriers and shippers. Firstly, Lee et al (2015) have presented a model to measure the quantitative relationship between the steaming speed, service quality and bunker cost. Service quality was measured in terms of delay probability, which of course connects with delivery reliability. They have looked into two different strategies for carriers: fast steaming and flexible slow steaming. Their model showed that slow steaming with the flexibility to speed up causes both shipping time and delivery reliability to increase. Secondly, Maloni et al (2013) have set up a quite extensive quantitative model to measure the effects of slow steaming on carriers and shippers, such as through fuel costs, pipeline inventory costs and carbon emissions, but do not quantify the effect on the factor delivery reliability. However, they assumed that the effect on delivery reliability is positive.

So some academic research on the effects of slow steaming on carriers and shippers has been conducted, but the focus of this thesis will be narrowed down to specifically the effect of slow steaming on delivery reliability. Results from a survey are used which was sent to forwarders and shippers that are active in the port of Rotterdam. This effect will show whether vessels are actually speeding up in case of delays to keep tight to their schedule, which would improve delivery reliability. In this way, this thesis will be a means to try to fill a gap in academic literature and to provide shippers with some clarity on the effect of slow steaming on delivery reliability. Only liner services are looked into in this thesis, for which the reason will be explained in the next chapter. This leads to the following research question: "What is the effect of slow steaming on delivery reliability in liner shipping?" Delivery reliability is defined in this thesis as the probability that an arrival of a vessel in the port of Rotterdam is according to schedule. So delays at the terminal, for example, are not included in this definition as they are at least not a direct result of slow steaming.

The following chapters will form the basis to be able to answer this research question. First in chapter 2 the parties involved in liner shipping and the design of a liner service are discussed. Then chapter 3 elaborates on what slow steaming is precisely about and on the conflict between shipping lines and shippers. Next, in chapter 4 the main effects of slow steaming on shipping lines are mentioned. In chapter 5 the main effects of slow steaming on shippers are discussed, among which the factor delivery reliability. Subsequently in chapter 6 the outline of the survey and the corresponding results are presented. These results are compared with the findings from academic literature. The conclusion is stated in chapter 7, which consists of a summary, an answer to the research question, limitations of this thesis' research, recommendations for further research and an implication for shippers. 
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Before discussing slow steaming and its effects more extensively, the most important parties in the liner shipping industry are discussed. It should be noticed that the focus of this thesis lies on the liner shipping industry, so the bulk shipping industry is not taken into account. There are two main reasons for this. The first one is that bulk carriers do not publish the schedules of their vessels. This is because bulk carriers do not have a schedule. They have short-term or long-term contracts with customers and these customers request them to ship a certain amount of cargo when it is needed. This needs not to be on a regular basis. According to De Langen, Nijdam and Van der Lugt (2012), one of the reasons for this important distinction between the two industries is that shippers in the bulk markets usually demand substantial volumes by which a ship can be completely filled, while in the liner shipping markets shippers only demand relatively small shipment sizes. In this thesis the effect of slow steaming on delivery reliability is researched. Although the data regarding the schedules of shipping lines are not analysed, it is important to narrow the focus of this thesis down to liner shipping in order to compare the results with findings from other researchers, as most research regarding delivery reliability has been conducted on liner shipping. The second reason is that ships in liner shipping contribute relatively much to the worldwide emission of CO₂ compared to other ships (Psaraftis & Kontovas, 2009). Because slow steaming has a major positive impact on CO₂ emissions, which is further explained in section 4.2, it is interesting to investigate the sustainability of slow steaming in liner shipping. An improvement of delivery reliability could enhance this sustainability.

[bookmark: _Toc456698828]2.1 Parties in liner shipping

Now an overview of (a part of) the supply chain in the liner shipping industry is presented. This type of industry is about transporting containers, cars and roll-on/roll-off cargo. If there is a demand for transport of certain goods, a shipper will be the company that will try to arrange transport from A to B. So the shipper agrees with the cargo owner to a contract in which is stated that the shipper is responsible for the transport of the cargo. Sometimes the shipper may be the same person as the cargo owner.

It does happen that a shipper directly contacts a carrier to arrange transport overseas, but it is more common that intermediaries are used in the supply chain. As can be derived from the picture below, the shipper could reach out to a forwarder or a shipping agent. It is possible that both types of companies are fitted in the supply chain as well. Which way is chosen depends on the amount of cargo that a shipper wants to be transported and the company size of the carrier (De Langen et al, 2012). 
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Figure 1: linkages in maritime transport. Source: De Langen et al, 2012, p. 19.
In the liner shipping industry, a carrier transports the cargo from one port to another. This type of company operates ships but does not always own them. Instead, there are ship-owning companies which charter their ships for a long term to a carrier (De Langen et al, 2012). Because liner shipping companies operate via specific routes and schedules, they face an important strategic decision in terms of the exact routes they operate on. Later on the network design of a liner shipping company will be discussed. 
	
The freight forwarder is, according to De Langen (2004), the most important intermediary in a port. This party is located in a specific port and can be contacted by a shipper to arrange a contract with a carrier. A forwarder can distinguish itself from competitors by delivering high quality for a low price, by way of negotiating favourable transport contracts. Because a shipper may not be familiar with the procedures in a port and the carriers and terminal operators that are active in it, he may reach out to a forwarder.
	
Another intermediary is the shipping agent which may be regarded as the person who represents a shipping company in a port. It may be more efficient for some carriers to let them be represented instead of setting up an own office. Apart from some common tasks, like administering port charges and arranging for pilotage and towage, the agent may also be mandated to sign transport contracts on behalf of the carrier.
	
A fifth important party in the supply chain for liner shipping, besides the previously mentioned ones including the shipper, is the terminal operator, which is responsible for the loading and unloading of cargo. It is vital to mention this party, as its operating efficiency affects the reliability of the whole supply chain. Terminal operators rely on the time schedules of shipping lines, so slow steaming may also have effects on them (De Langen et al, 2012). 
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Traditionally shipping lines use three types of shipping routes: port to port, pendulum and round the world service routes. A port to port route is a route on which ships are moving back and forth between two ports. A pendulum service is the repeated process of ships calling at ports in a certain sequence which are often within a small geographical proximity to each other. After that, usually, those ships cross an ocean. A round the world route involves a roundtrip in which, again, ports are served in a certain sequence, but here a limited number of ports per continent are called at (Lun & Browne, 2009). The hub-and-spoke system is quite common in liner shipping; with respect to imported cargo, the cargo is first transported to a primary hub and then shipped to a smaller port by so-called 'feeder services'. For exported cargo it works the other way around. Hence, the primary ports have to facilitate an efficient handling of relatively large containerships. There are two characteristics that separate a primary port from other ports: (i) it is often located geographically in the centre of a region, in some cases with a (large) hinterland, and (ii) it is able to accommodate relatively large vessels (Gilman, 1999). These primary hubs could also be called transhipment hubs. Relay is another kind of transhipment, which involves the transfer of cargo from one container vessel on a major route onto another vessel on another major route. This takes place at a hub port (Lun & Browne, 2009). However, there are only some carriers that have managed to construct such a relay network, such as Maersk Line (Notteboom & Rodrigue, 2008). It is imaginable that a carrier has to be very large in order to make such a network efficient. Most of the considered routes are of a line-bundling type, which means that there is a connection between a group of x roundtrips and y vessels. As there is some overlap, cargo can be transported efficiently via transhipment (Notteboom, 2006).

[bookmark: _Toc456698830]2.3 Design of a liner service

As stated before, shipping lines mostly transport containers. The container was invented 60 years ago and since then containers are used more and more in worldwide transportation over sea. This development is called 'containerization', which has reduced shipping costs remarkably, as cargo could be transported more efficiently (Christiansen, Fagerholt, Nygreen, & Ronen, 2013). The following piece is about how the process of container transport from port to port works, so about how a liner service is designed in a way that this process runs efficiently. 

Christiansen et al (2013) have pointed out that shipping lines have established routes all over the world via which their vessels are sailing. As already mentioned, these routes are connected to specific schedules, which are often published months in advance. According to these authors there are three decisions that result in a specific route, namely (i) which ports to visit and in what sequence, (ii) how often to visit the ports and (iii) the size and the speed of the ships to use. In order to construct an efficient network design, a shipping line should estimate the demand for its service in different ports accurately. Once the design of a liner service is finished and the route is operational, the route is often used for many years (Christiansen et al, 2013). 	

However, there are many more decisions that shipping lines have to make in order to create an efficient liner service. There are three decision-making levels (Meng, Wang, Andersson, & Thun, 2014). These are strategic, tactical and operational. Meng et al (2014) have studied academic articles from the last three decades until 2014 that were about containership routing and scheduling problems and in which operations methods were used to address these problems. The three levels of decision-making will be explained shortly. Firstly, the strategic level has to do with decisions that are related to a long-term vision. This level consists of three problems: fleet size and mix, alliance strategy and network design. Fleet size and mix concerns the type and number of ships that a fleet consists of. During the last years there has been a trend in liner shipping to order larger ships to profit from economies of scale. This increases the importance of an optimal network design; if demand does not increase and ships get larger, less ships are needed to meet this demand. Shipping lines are less flexible if the number of ships is decreased. Then there are a number of reasons for shipping lines to cooperate with competitors in alliances or collaborations. According to Agarwal and Ergun (2010), these are that (i) liner shipping is a capital-intensive industry, (ii) there is a trend of larger ships resulting in a lower frequency of service, and (iii) due to alliances shipping lines can enlarge the scope of their operations. Hence, it could be beneficial for shipping lines to cooperate with competitors. Another decision at the strategic level involves the ‘liner container shipping network design’, which is about which ports should be visited and in what order. This decision is surely influenced by the fleet size and mix and it is also related to various tactical decisions. Below four different categories of network design are presented. 
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Figure 2: liner shipping network design categories. Source: Meng et al (2014).
Regarding the last category, the general liner shipping network, I want to highlight two articles that the authors refer to. The first one is written by Agarwal and Ergun (2008) and is about a multi-commodity space-time network model. They tried to reach an optimal solution for the design problem when considering a weekly frequency of calling, a heterogeneous fleet mix, multiple ship routes and multiple cargo transhipment locations. Their model was tested on networks that included up to 20 ports and 100 vessels. Their results showed a high ship capacity utilization rate and a significant number of transhipments in the solution that was eventually created. The second article, written by Meng, Wang and Liu (2012), is about a model concerning a large-scale intermodal liner shipping network design which was applied to create a design of the shipping services of a global liner shipping company. Hence, besides the complexity of a general liner shipping network as is depicted in the graph, the problem becomes even more complex when considering the intermodal transport of containers. This is the reason why many articles have been written about the optimization of liner networks.

Secondly, another level of decision-making is the tactical one. The related decisions are the frequency determination, the fleet deployment, the optimization of sailing speed and the schedule design. These decisions are restricted by the decisions made at the strategic level. The determination of frequency involves a trade-off between the interests of shippers, which prefer a high frequency, and shipping lines, which prefer a low frequency due to cost savings that occur when accumulating cargo. This is a reason why a weekly service is common in liner shipping. Another reason is that terminal operators can then more easily make sure that they include sufficient berth time windows in their schedules. The fleet deployment decision has to do with which ships should be deployed at different round trips. Meng et al (2014) note that the number of ships is limited and that its type can make a ship inappropriate to be deployed at a certain route due to physical and commercial restrictions. This means for example that a ship may not fit into a specific canal on the route or that it is not profitable to deploy a relatively large ship on a route with a low demand. Notteboom (2006) states it is generally most ideal to deploy a homogeneous fleet mix on a route, as being able to guarantee the desired frequency of certain volumes is more likely then. However, this is not always possible as increases in vessel size come along with huge investments (Notteboom, 2006). The optimization of sailing speed is a topic that is very much related to slow steaming and therefore it is discussed later on. Speed optimization is closely related to the schedule design, which is the last decision at the tactical level. Also this decision is discussed extensively later on in this thesis, as delivery reliability is very much dependent on the schedule design. However, it can already be noted that the schedule design is more complex if containers are transhipped by other ships, because apart from the time that the containers are on board, also the connection time in the ports of transhipment should be taken into account. Wang and Meng (2011) and Alvarez (2012) have come up with mathematical formulas to give an insight into the relation between these connection times and schedule designs. 

Thirdly, there are numerous decisions to be made at the operational level. These decisions are generally similar in the way that they are all focused on the short term. Meng et al (2014) discussed two of these decisions, namely cargo booking and routing, and ship rescheduling. Cargo booking means that a shipping line determines how many containers to ship from a certain origin to a certain direction. When containers are shipped from the same origin to the same destination, they are generally regarded as similar by shipping lines, whereas for example in the airline industry there are multiple ways in which passengers are still differentiated. Cargo routing involves the problem that sufficient containers should be present at each port to transport the cargo in. If there are too few containers in a port, cargo cannot be picked up for transport by ships. Dong and Song (2012) looked into this problem of the repositioning of empty containers in the case of a liner shipping system with multiple vessels, multiple ports and multiple voyages. They regard this repositioning as essential because of the trade imbalance between geographical locations in the world. If a port exports more containers than that it imports, it is logical that empty containers have to be transported to this port. The other decision on this level concerns ship rescheduling. This is sometimes necessary due to all kinds of disruptions in a liner shipping system. The ways to reschedule ships are discussed by Brouer , Dirksen, Pisinger and Vaaben (2013). These will be mentioned in section 4.4. 
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In this chapter first the roles of five important parties in liner shipping were mentioned, namely shippers, shipping lines, forwarders, shipping agents and terminal operators. Then was explained what kind of shipping routes there are. Finally the design of a liner service was discussed. Shipping lines have to make decisions on three different levels, namely the strategic, the tactical and the operational level. Designing a liner service is a very complex process, but it is essential to understand which decisions shipping lines have to make before going in depth into the effects of the implementation of slow steaming in liner services, especially the effect on delivery reliability. It would also have been interesting to do research on the optimization of a liner service, but in general much academic literature has been devoted to this topic and it requires a high level of mathematical knowledge, which I do not possess. In the next chapter slow steaming and the resulting conflict between shippers and shipping lines are discussed. 
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[bookmark: _Toc456698833]3.1 Definition

The implementation of slow steaming started at the end of 2007 and from mid-2010 onwards most shipping lines have adopted slow steaming as a means to reduce operational costs. Woo and Moon (2014) have defined slow steaming as "the operational technique that operates the vessel using a lower speed than the deliberately designed voyage speed, which makes it necessary to employ more vessels to transport the same volume of cargo while maintaining the announced weekly service schedule" (Woo & Moon, 2014). Maloni et al (2013) note that (i) according to Bonney (2010), 'full' speed for a containership in most cases comes down to 24 knots, which is in general 85-90 percent of the engine capacity, (ii) sailing slower makes it possible to save on fuel costs and (iii) fuel costs may amount to more than half of the total operating costs according to Notteboom (2006), so savings will affect transport costs per TEU substantially (Notteboom & Vernimmen, 2009; Maloni et al, 2013). The savings on fuel costs were the main reason for shipping lines to implement slow steaming.

The paper 'The time factor in liner shipping services' of Notteboom (2006) was written before the implementation of slow steaming at the end of 2007, but Notteboom already noticed by then that shipping lines could gain substantial benefits in terms of fuel costs by slowing down their ships. In his paper he shows an example curve of the daily fuel consumption in relation to the vessel speed. By that time it was common to sail at a speed of 22.5 knots. If the vessel speed would be increased then the fuel consumption would increase disproportionately (Notteboom, 2006). Obviously, because by that time the fuel price was lower than 1-2 years later, benefits of decreasing speed were not as great as they would be later on. Notteboom further remarks that there is a trade-off between lower costs of sailing at a lower speed and its value of time and that of its customers, while noticing that short transit times is a competitive factor in liner shipping, especially if time-sensitive goods are transported, such as perishable goods (Notteboom, 2006). 

[bookmark: _Toc456698834]3.2 Longer transit times in liner services

So slow steaming has had some consequences for liner services, of which one is the increase in transit time because ships are sailing slower. It has become a common practice for shipping lines to call at each port at a specific route at a fixed frequency, which is often equal to once a week. Because ships are sailing slower due to slow steaming, more vessels have to be deployed in order to maintain the same frequency. Lee et al (2015) illustrate this by explaining the situation which was faced by Orient Overseas Container Line; the vessels of this shipping line normally sailed at a speed of 22.4 knots on a specific route, which resulted in a round-trip time of 56 days, so they deployed eight ships. By decreasing the speed to 20.2 knots, this number of days increased to 63, which meant that it had to deploy one extra vessel in order to keep its frequency of once a week (Lee et al, 2015).

Notteboom and Vernimmen (2009) have developed some formulas to assess the minimum required vessel speed on a route, given the preferences of the shipping line in terms of frequency of calling, number of port calls, roundtrip distance and number of deployed vessels. The first formula is given as follows:

(1)	

Tr represents the total round voyage time in days, Tpi the total port time in port i in days, n the number of ports of call, D the distance of the round voyage in nautical miles and V the vessel speed in knots. Then the authors have come up with a second formula which represents a threshold for the round voyage time in days to maintain a certain frequency of port calling:

(2) 	

In this formula, S represents the number of vessels that is deployed on a certain route and F is the frequency of the liner service in number of vessel calls per week in each port of call. S is multiplied by seven because the round voyage time is calculated in days and a week consists of seven days. Together these two formulas form the minimum required vessel speed that is needed to operate the liner service at a certain frequency, number of port calls, roundtrip distance and number of ships:

(3)	

It follows from the formula that there is a negative relationship between the speed (V) and the number of deployed ships (S). Concluding, if a shipping line implements slow steaming, and simultaneously wants to maintain its service frequency, it may use this final formula (3) to assess how fast its vessels have to sail in case of a particular number of deployed vessels given the characteristics of the service route.

[bookmark: _Toc456698835]3.3 The conflict between shipping lines and shippers

Maloni et al (2013) have tried to quantify the costs and benefits of slow steaming for carriers as well as shippers in their article 'Slow steaming impacts on ocean carriers and shippers'. Given that, as discussed in the introduction of this thesis, the probable conflict between carriers and shippers is a major motive for this thesis topic, this paper is very relevant. 
They identify various benefits for shipping lines with respect to fuel costs, CO₂ emissions and absorption of excess fleet capacity. The latter refers to the fact that in 2012 approximately five percent of the world container fleet was unused due to low demand (Leach, 2012); by using these extra vessels for slow steaming carriers did not have to, for example, store them and in that way they could save costs. Also shippers would profit in the way that delivery reliability in liner services could be increased, because shipping lines would have the possibility to speed up in case of delays. However, shippers would face higher pipeline inventory costs and higher safety stock needs (with associated costs) due to longer transit times. Moreover, according to a survey from Gallagher (2010) schedule reliability would in reality not have increased.

These authors (Maloni et al, 2013) have used a simulation model to estimate the effects of slow steaming under different vessel speeds, fuel prices and volumes occurring on the container trade lane between Asia and the port of Los Angeles. The results show amongst others that (i) even without considering environmental benefits, slow steaming appears to be cost-effective when adding up benefits and costs for both parties and (ii) extra slow steaming (18 knots) is the most efficient vessel speed. They contribute to an increase in shippers' understanding of benefits and costs so that they can negotiate with carriers more effectively. According to the authors, at first shippers should try to contractually adjust bunker surcharge rates. Furthermore, bunker surcharges should vary with cargo value given that shippers with higher-value cargo would encounter higher pipeline inventory costs than other shippers due to longer transit times (Maloni, Paul, & Gligor, 2013). Hence, these authors have tried to identify the costs and benefits for shipping lines and shippers and to give some advice on how to settle the dispute.  

[bookmark: _Toc456698836]3.4 Conclusion

It can be concluded that slow steaming has various effects on shipping lines and shippers. An important direct effect is the increase in transit time. This means that the composition of liner services had to be changed as more vessels needed to be deployed to keep the same frequency of calling. Shipping lines, being the initiators, seem to profit in many ways by the implementation of slow steaming, whereas it is not completely clear what the effects on shippers are. Maloni et al (2013) assume that shippers would face a benefit of improved delivery reliability, but note that shippers have not experienced this in reality according to Gallagher (2010). Therefore it is important to have a closer look at the benefits and costs associated with slow steaming for shipping lines and shippers. More specifically, the delivery reliability factor should be elaborated on extensively.







[bookmark: _Toc456698837]4 The effects of slow steaming on shipping lines

In this chapter the three main effects of slow steaming on shipping lines are discussed, namely the reduction of fuel consumption, the decrease of CO₂ emissions and the absorption of excess fleet capacity. After that a short note about the sustainability of slow steaming is included.

[bookmark: _Toc456698838]4.1 Fuel consumption

As has become clear in the previous chapter, the main reason for shipping lines to adopt slow steaming was to save on fuel costs. It has been adopted because of the rising fuel prices and although fuel prices have decreased considerably, it is still a main practice in liner shipping (Barnard, 2016). Because, according to Notteboom (2006), who used data from Drewry from 2001 when fuel prices were about as low as they are now, bunker costs usually represent a large share of total operating costs (approximately 50%), this adoption of slow steaming to reduce fuel consumption has not been an illogical consequence of rising fuel prices. 

In the article 'The effect of high fuel costs on liner service configuration in container shipping', the relationship between speed and bunker cost was elaborated on by Notteboom and Vernimmen (2009). They mention three ways in which shipping lines can deal with lower their bunker costs, namely (i) by using cheaper grades of fuel oil, (ii) by investing in fuel efficient designs of their ships and (iii) by changing their liner service design in terms of vessel speed, vessel size and number of vessels per loop. They have explored this last option in more detail, which led to the conclusion that shipping lines were using more and larger vessels while sailing slower. Besides, they mention various reasons for why shipping lines were quite reluctant at first to adopt slow steaming, of which one is the fact that they want to offer their customers short transit times, whereas slow steaming just lengthens them. Therefore they are facing a trade-off between on the one hand high vessel speed and short transit times and on the other the potential cost savings of sailing slower. The more shipping lines value the last element, the worse off they are in terms of transit time. However, increases in the number of deployed vessels on a route would allow shipping lines to include additional buffers, which would improve schedule reliability (Notteboom & Vernimmen, 2009).  

Ronen (2011) has stated that the daily consumption of fuel of a motor ship is proportional to the third power of its sailing speed (see formula 4), which means that a change in speed has a relatively large effect on the level of fuel consumption. 

(4)


In the above formula (4), F is the daily fuel consumption and V the sailing speed. The null represents the original consumption and i the consumption in case of a change in speed. The same goes for the sailing speed.
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Figure 3: containership fuel consumption by vessel size. Source: Ocean carrier data (Maloni et al, 2013).

It can be derived from figure 3 that the level of fuel consumption increases exponentially with the sailing speed. Therefore, slowing down from 22.5 knots, which has been a common speed according to Notteboom (2006), to for example 18 knots, which is the most efficient vessel speed according to Maloni et al (2013), can be very attractive in terms of reduction of fuel consumption. From figure 3 it can also be derived that is not necessarily more efficient to slow down speed even more because eventually the curves reach a flat part.

As pointed out before, slow steaming requires one or more extra vessels to be deployed to maintain a certain frequency on a loop, but still slow steaming could be beneficial for shipping lines. Extra vessels cause an increase in labour costs and various other costs, but these are small relatively to bunker costs (Lee et al, 2015). 

The higher the fuel price is, the more attractive slow steaming gets. However, because of the current low fuel prices the benefits of slow steaming are lost according to Wackett (2016), who refers to a report from Drewry. This does not mean that slow steaming will be abandoned in the near future for multiple reasons, of which one is that the future oil prices are hard to predict and that therefore a sudden increase is something to take into account. 

According to Notteboom and Vernimmen (2009), there is a constant fluctuation of bunker prices. The bunker market is a very price-sensitive market, which results in shipping lines deciding to bunker in ports where the bunker price is relatively low. Fiscal policies of different countries, in particular in terms of fuel taxes, influence these decisions. This fluctuation of the oil price, and more specifically the antecedent oil crisis, was the reason for carriers operating in conferences to implement a Bunker Adjustment Factor (BAF), which is a surcharge for fuel, in 1974. Carriers argued that they could not adjust their prices quickly enough to keep pace with the changing fuel prices (Wang, Chen, & Lai, 2011). The idea was that carriers would cover the basic costs of fuel and that shippers would pay for the remaining fuel costs, so that the volatile oil prices would not bother carriers anymore (Notteboom & Cariou, 2009). However, shippers have protested against these BAFs, mostly in times of high oil prices, and argued that this risk of volatile oil prices should either be regarded as an ordinary commercial endeavour or be communicated with more transparency (Wang et al, 2011). Although argued by shippers, Notteboom and Cariou (2009) could not prove that carriers have (mis)used the BAF as a revenue-making instrument. 

[bookmark: _Toc456698839]4.2 Emission of CO₂

The second effect that is mentioned is that slow steaming causes the emission of CO₂ in liner shipping to decrease. In 2010 Cameron published an article in which she states that international shipping contributes to approximately 3% of worldwide greenhouse-gas emissions, namely CO₂, whereas this number for airplanes only amounts to 1.5% (Cameron, 2010). 3% of global emissions is also the amount that is emitted in Germany, which is the sixth largest polluting country in the world. The International Maritime Organization (IMO), which is the United Nations organization that is bounded to regulating international shipping, has been working on establishing regulations for international shipping with regard to greenhouse-gas emissions. The European Union has pushed this organisation to come up with regulations that would have a remarkable effect to reduce emissions. This is not surprising, as the rising greenhouse-gas emissions have become a global issue (Eide, Endresen, Skjong, Longva, & Alvik, 2009). Subsequently, the IMO has proposed a target reduction of 15% by 2018 (Cariou, 2011). 

It should be noted that containerships emit substantially higher levels of CO₂ than other kinds of ships, according to Corbett et al (2009), so this effect is especially important for liner shipping. 20% of emissions from international shipping in 2007 was caused by container vessels, whereas they only represented 4% of the total number of maritime vessels in the world (Psaraftis & Kontovas, 2009).  One of the most important academic articles about this effect of slow steaming in liner shipping is 'Is slow steaming a sustainable means of reducing CO₂ emissions from container shipping?', which was written by Cariou (2011). He calculated that slow steaming had caused a reduction in CO₂ emissions of 11% from container shipping for various trade routes between 2008 and 2010. Moreover, he estimated the bunker break-even price at which slow steaming would be a long-term sustainable strategy to reduce emissions. This price is dependent on which trade route is analysed. He concludes that in order to pass the break-even point to make slow steaming with its resulting reduction in CO₂ emissions a viable strategy, governments could levy taxes (Cariou, 2011).

The extent to which slow steaming reduces emissions of CO₂ was calculated for two different trade volumes by Maloni et al (2013). They investigated emission levels under the following vessel speeds: full steaming (24 knots), slow steaming (21 knots), extra slow steaming (18 knots) and super slow steaming (15 knots). When considering the 2010 volume, slow steaming appears to reduce emissions in comparison with full steaming by 26.1% (see figure 4). For extra slow steaming and super slow steaming, this number amounts to 43.3% and 46.7% respectively, so super slow steaming increases the reduction in comparison with extra slow steaming by only a small amount. 
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Figure 4: annual CO₂ emissions (in million metric tons) from vessels. Source: Maloni et al (2013). 
Woo and Moon (2014) have written an article called 'The effects of slow steaming on the environmental performance in liner shipping', in which they have researched whether operating costs and CO₂ emissions can be reduced at the same time if voyage speed is reduced. Considering the environmental aspect, they have come up with a positive effect, namely the reduction in fuel consumption and in that way the reduction in CO₂ emissions, as well as a negative effect, namely an increase in CO₂ emissions at the same time because of an increase in the number of deployed vessels on a loop. They have used a simulation model to estimate the effect of slow steaming on the level of CO₂ emissions (see figure 5). They have found that there is a strong correlation between voyage speed and the level of CO₂ emissions, but the elasticity is different at each speed level. Between 25 knots and 14 knots the elasticity at each point is elastic (so e > 1) and thus the amount of CO₂ emissions can be reduced relatively highly by decreasing the speed by a small amount.
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Figure 5: the relationship between speed (in knots; x-axis) and the level of CO₂ emissions (in metric tons; y-axis). Source: Woo and Moon (2014). 
Considering the optimal simultaneous reduction of CO₂ emissions and operational costs, Woo and Moon (2014) stated that although slow steaming decreases the operating costs in terms of bunker costs, there are also two negative effects considering these costs: (i) the fixed costs and variable costs excluding the fuel costs increase when the number of deployed ships on a loop is increased and (ii) there is an opportunity cost related to the reduction in transport capability (as transit times are longer). By using the simulation model they assessed the optimal speed in terms of operational costs as well as CO₂ emissions. These two outcomes combined led to an optimal voyage speed of 17.4 knots at which shipping lines would maximize the reduction in CO₂ emissions at the lowest operational cost (Woo & Moon, 2014). 

[bookmark: _Toc456698840]4.3 Absorption of excess fleet

Another effect of slow steaming is the absorption of excess fleet capacity during periods in which demand is low, which was for example the case during the recent financial crisis. Slow steaming requires extra vessels on a loop to maintain the same frequency of calling. Usually this would lead to huge investments. This was a reason because of which shipping lines refused to adopt slow steaming initially. However, the financial crisis began in 2008 and by then many containerships were not used anymore. According to Lee et al (2015), there had been major investments in containerships during the past decades already. By simply adopting slow steaming, shipping lines could use these ships nonetheless and did therefore not incur lay-up costs (Cameron, 2010).

However, as soon as the excess fleet capacity is absorbed, shipping lines will face a trade-off between investing in new ships and chartering. The latter would provide them with more flexibility, which is especially important in times of economic volatility or when facing a high variance of demand, but costs more in the long run (Lee et al, 2015).  Such a rise in demand for containerships would increase the cost of containerships in the short term (Ronen, 2011). Besides, it should be noted that the addition of extra vessels to a liner service also has had a direct negative effect on shipping lines, because this requires additional crew, however this cost does not amount to a large part of total operating costs (Lee et al, 2015).  

[bookmark: _Toc456698841]4.4 Sustainability of slow steaming from a shipping lines' perspective

As was already mentioned in the introduction to this thesis, it is arguable whether slow steaming will be practiced in the future if the bunker price decreases even more, because then carriers would probably profit from speeding up the transit time of their ships. This is because the gains from sailing at a relatively low speed are reduced when the bunker price is decreased. Nonetheless for the near future carriers appear to be reluctant towards abandoning slow steaming, which is for a large part due to very low vessel charter rates and container leasing rates (Barnard, 2016). 

But even when bunker prices decrease even more, it may still be beneficial to stick to slow steaming because it could improve delivery reliability, which is important for shipping lines' customers. This factor will be discussed extensively in the next chapter. Besides speeding up when encountering delays during a voyage, which is not possible when sailing at full speed, there are two other means to increase delivery reliability. These are mentioned by Brouer et al (2013), who support a tool in order to make slow steaming a sustainable strategy in terms of cost savings while also improving delivery reliability without needing to implement additional buffer time. According to the authors, this model has been the first one related to disruption management in liner shipping. In their paper, called 'The Vessel Schedule Recovery Problem (VSRP) – A MIP model for handling disruptions in liner shipping', the authors came up with a model to evaluate different kinds of scenarios of disruption and to analyse which recovery action would balance the trade-off between the increased fuel consumption, the effect on cargo in the remaining network and the level of customer service. The recovery modes that are considered in this model are speed adjustment, port call omission and port call swap. By means of some real-life cases the authors conclude that the last two modes may improve delivery reliability and thus decrease the number of delays in a liner shipping network without increasing vessel speed. In that case, a slow steaming policy would remain beneficial in the long run (Brouer et al, 2013).

[bookmark: _Toc456698842]4.5 Conclusion

It follows from the previous part that there are three main effects of slow steaming on shipping lines, namely the reduction of fuel consumption, the reduction of the emission of CO₂ and the absorption of excess fleet capacity, of which the first one has been the main motive for adopting slow steaming. There is in general in academic literature quite some consensus about what the effects on shipping lines are and there are also many articles that focus on these effects. It would be interesting to research how shipping lines should manage their liner services in the most efficient way to make slow steaming a sustainable strategy, for example as was done by Brouer et al (2013). However, this thesis focuses on an effect of slow steaming that has not got enough attention, namely delivery reliability, which is important for shippers. This is discussed in the next chapter.


[bookmark: _Toc456698843]5 The effects of slow steaming on shippers
[bookmark: _Toc456698844]5.1 Inventory costs

Before discussing the effect on delivery reliability, the effect on inventory costs is described.
Inventory consists of three components according to Harrison and Fichtinger (2013): in-transit (pipeline) inventory, cycle stock and safety stock. Pipeline inventory is the inventory that has not been bought by customers yet. This type of inventory increases when transit time is increased. This component is independent of transit time variability. Cycle stock is the inventory that is used to meet the normal demand in a given period of time. This is negatively related to the replenishment frequency (or shipment frequency). Safety stock is dependent on the mean transit time, which only affects the stock via the variance of demand, and the variability of transit time. If variances are high, safety stock will have to be higher as well to prevent a stock-out (Harrison & Fichtinger, 2013). So in the case of liner shipping, shippers have to increase their safety stock when schedule reliability is low. Leachman (2008) found that increases in transportation charges may be economically justified if transit times are reduced, as shippers encounter lower pipeline inventory costs.

Notteboom (2006) noted that a delay encountered by a container load results in opportunity costs, which usually add up to 3%-4% per year, and economic depreciation costs, which add up to 10%-30% per year. He further states that the delay related (inventory) costs could be much higher if major disruptions occur and if subsequently containerised raw materials or semi-finished products arrive late at their destination, because the production process is then disturbed (Notteboom, 2006). 

So slow steaming leads to higher pipeline inventory costs, as transportation at sea takes longer. Meanwhile, if schedule reliability would be increased due to the possibility for shipping lines to speed up then safety stock could be decreased. The overall effect of slow steaming on inventory costs is surely dependent on the specific circumstances. According to Lee et al (2015), customers or shippers may evaluate the trade-off between a longer shipping time and a higher delivery reliability by estimating the variability of the demand for their products. A shipper who values low inventory costs and who faces high demand variances would probably prefer a shipping line that offers a fast delivery. If the demand variance is high then the probability of a sudden stock-out is higher, so cargo has to be transported quickly in such cases to prevent the stock-out from happening (Lee et al, 2015). 

[bookmark: _Toc456698845]5.2 Delivery reliability

Now the effect of slow steaming on delivery reliability is discussed, which is the factor that has the main focus in this thesis. First will be explained what delivery reliability means before elaborating on the importance of reliability for customers of shipping lines, such as shippers. Hereafter the kinds of delays that may occur during a voyage and the ways to deal with them are mentioned. Lastly, the findings in academic literature about this effect are presented.
[bookmark: _Toc456698846]5.2.1 Definition

As was already stated in the introduction, network reliability or schedule reliability can be defined as "the probability [that] one or more of its links does not fail to function, according to a set standard of operating variables", which means that reliability has to do with the probability that a ship unloads its cargo in a certain port on time, which would be according to an official schedule (Notteboom, 2006). Notteboom noted that reliability of a certain network is something else than vulnerability. The latter refers to the consequences of failure and not the probability of failure. In this thesis the focus is on delivery reliability, which in this case is the probability that a shipment reaches the port of destination on time. This kind of reliability may also be called transit time reliability. The fact that a vessel incurs delays during a voyage will only lead to a decrease of delivery reliability if the shipping line does not succeed in taking effective countermeasures to be on time anyway (Notteboom, 2006).  These concepts may have slightly different meanings in the academic literature. For example, according to Harrison and Fichtinger (2013) schedule variability can be defined as the difference between the planned arrival date and the actual arrival date. Hence a low schedule variability implies a high schedule reliability.

[bookmark: _Toc456698847]5.2.2 Importance

There are various reasons why a high delivery reliability is important for several parties. 
First and foremost, if delivery reliability is low, shippers encounter additional inventory costs because they need to maintain a higher safety stock. Moreover, it may cause additional production costs in some cases if production temporarily has to stop because of a late arrival of materials. The relative importance of a high delivery reliability might differ between shippers. This is dependent on the characteristics of the market they are active in, such as the level of differentiation among the involved parties and the cargo that is shipped (Notteboom, 2006). Furthermore, according to Vernimmen, Dullaert and Engelen (2007) shippers would face congestion surcharges which would be imposed by shipping lines and inland transport operators when they would face costs concerning congestion.

Besides shippers, shipping lines also encounter additional (operational) costs related to extra daily fixed costs (such as crew salary) and the rescheduling of vessels, as have been mentioned before (Notteboom, 2006). Vernimmen et al (2007) adds to this number of additional costs that terminal operators are facing uncertainties. Unexpected delays may cause shipping lines to suddenly change their schedules, which can result in peak volumes at terminals leading to a domino effect towards other vessels. Hence, a high delivery reliability is important for a variety of parties. 

[bookmark: _Toc456698848]5.2.3 Causes of delays

Notteboom (2006) identifies four different causes of delays within a roundtrip: delays related to terminal operations, port access, maritime passages and chance. The first category has to do with (i) the unavailability for a vessel to load or unload at a terminal due to port congestion, which would lead to approximately 66% of delays in general, or (ii) a lower terminal handling efficiency than expected. Port access refers to unexpected waiting times caused by for example a low number of available pilots or towage services or restrictions regarding the draft, because of which (for example in the port of Antwerp) large vessels can only enter the port during specific tidal windows (so when the water level is high enough). Maritime passages refer to for example the Suez Canal and the Panama Canal. As for the former, ships have to sail in a convoy in order to pass. This is because there is only one shipping lane due to the limited width. Hence, if a ship is too late to enter the canal in the convoy, a substantial delay arises. The last category, chance, entails that unexpected waiting times may arise when vessels or terminals encounter bad weather. Also mechanical problems during the voyage are included in this category (Notteboom, 2006). Vernimmen et al (2007) added that terminal or port congestion can also occur due to labour strikes. Moreover, delays encountered at previous ports can have a knock-on effect, which means that these delays cause more delays at the next ports of call (Vernimmen et al, 2007).

[bookmark: _Toc456698849]5.2.4 Dealing with delays

First will be discussed how shipping lines can effectively deal with delays and then how shippers can minimize their loss when delivery reliability is low. First should be mentioned that shipping lines can already anticipate to the possibility of delays when constructing their schedules. In other words, they could include sufficient time buffers. The probability that a shipping line will succeed in maintaining a high schedule reliability is higher when time buffers are large. Shipping line MSC is known for its small buffers and its low schedule reliability, whereas Maersk guarantees a high schedule reliability. However, this comes at a cost as Maersk charges substantially higher freight rates for its services (Notteboom, 2006; Notteboom & Rodrigue, 2008). 

Besides time buffers there are also multiple ways to deal with delays after they have occurred. First, a shipping line may choose to reshuffle the order of ports of call, which may lead to most containers being unloaded in the (new) first port of call. Secondly, it is possible that a shipping line cancels one or more port calls. However, the shipping line has to pay for transport between the port where the cargo is actually unloaded and the port where this should have happened according to schedule, so there are certain additional costs connected to this option. Moreover, instead of cutting a port call a shipping line could also choose to stop crane operations on a vessel and demand it to leave the port. This is called the 'cut and run' principle. The containers that are left behind have to be transported by the next vessel on the loop or by other means of transport. Thirdly, extra vessels could be deployed to take over some cargo. This means that certain vessels are on stand-by, so there are also periods during which they are not used, so this can be costly. Fourthly, turnaround time at the next port(s) of call can be decreased as some terminals can reach very high productivity rates if needed. Fifthly, a way to make up for lost time is to increase the vessel speed (Notteboom, 2006). As discussed before, this possibility could be a reason why slow steaming may lead to a higher level of delivery reliability.  

With regard to shippers, there are four ways in which they can try to minimize their loss when delivery reliability is low. Firstly, they have to invest in a certain amount of safety stock to prevent a stock-out due to two uncertainties, namely transit time uncertainty and demand uncertainty. Secondly, it could be beneficial for a shipper to have its cargo shipped through a first port of call, considering delays that may occur in ports in general. This means that potential delays in other ports on the loop would be avoided (Vernimmen et al, 2007). Thirdly, they should include enough buffer time in their supply chains (Chung & Chang, 2011). Fourthly, if shippers would increase their frequency of shipments and hence decrease the size of the separate shipments, then the consequences of the delay of a single shipment are smaller.

[bookmark: _Toc456698850]5.2.5 Slow steaming

Before the implementation of slow steaming most vessels were sailing at full speed or a speed level close to that, so in some cases it would not have been possible to increase speed and in others the increase in fuel consumption and thus costs would have been disproportionate to the gain of a shorter transit time from port A to B. As has become clear before, slow steaming gives shipping lines the possibility to increase speed to make up for encountered delays during the voyage. However, this requires that the shipping line is willing to consume more fuel to increase delivery reliability (Harrison & Fichtinger, 2013). 

Lee et al (2015) presented a model to quantify the relationship between shipping time, bunker cost and delivery reliability in 'The impact of slow ocean steaming on delivery reliability and fuel consumption'. This relationship is very important when determining the delivery schedule. They found that, if it is possible to speed up, slow steaming will always lead to a smaller variance of the delivery time and thus a higher schedule reliability. Moreover, the authors have noticed that customers of shipping lines did not recognize any improvement in delivery reliability because shipping lines would refuse to speed up, even though their vessels are sailing slower than before. According to the authors, the main reason for the shipping lines not to speed up is because they are not aware how much more fuel is used, so they cannot assess precisely whether speeding up would be beneficial. However, with their quantitative analysis the authors have shown that it can be affordable to speed up, as the savings from slow steaming would still outweigh the costs of speeding up. Hence, in theory slow steaming would increase delivery reliability (Lee et al, 2015). This was also assumed by Maloni et al (2013).

As a concluding remark it should be observed that shippers might value the trade-off between transit times and delivery reliability differently. Therefore Lee et al (2015) conclude that it is hard to quantify the benefits and costs of slow steaming. These preferences are influenced by whether a shipper faces a high or a low demand variance, as was explained before. However, it is important to notice that for a wide range of demand variability, the levels of safety stock under fast steaming and slow steaming do not differ much, which means that for those levels of demand variability, the negative impact on shippers is relatively small, whereas fuel cost savings are substantial (Lee et al, 2015). 

[bookmark: _Toc456698851]5.3 Conclusion

In this chapter it has become clear that slow steaming increases pipeline inventory costs but at the same time would decrease the level of safety stock needed, and in that way costs, if delivery reliability would be increased. The overall effect of slow steaming on inventory costs depends on the circumstances of the shipper concerning demand variability. Regarding the delivery reliability it was noticed by Lee et al (2015) that it can be affordable for shipping lines to speed up in case of delays. Hence, in theory slow steaming would increase delivery reliability (Lee et al, 2015). However, these authors as well as Gallagher (2010) found from the results of surveys that shippers did not recognize improvements in delivery reliability. Thus there is a need for more empirical research on the effect of slow steaming on delivery reliability. For that reason empirical research has been conducted regarding the experiences of shippers and forwarders which are active in the port of Rotterdam. The outline and results of this research are presented in the next chapter.





[bookmark: _Toc456698852]6 An empirical analysis of delivery reliability in the port of Rotterdam
[bookmark: _Toc456698853]6.1 Methodology
[bookmark: _Toc456698854]6.1.1 Aim of the research

Now that the available academic literature on slow steaming is discussed, the outline of the empirical research that has been conducted for this thesis will be presented. In order to add an empirical element to this thesis, a survey was sent to approximately 300 shippers and forwarders which are all active in the port of Rotterdam. Regarding the conflict between shipping lines and shippers, discussed in chapter 3, it is important whether shippers experience a benefit from slow steaming regarding delivery reliability. Because it was difficult to contact shippers, as is explained later on, also many forwarders were contacted. Forwarders may not experience benefits nor drawbacks from changes in delivery reliability, but they probably do experience these changes and so they can give reliable answers. The survey questions can be found in appendix 1. 

The reason for setting up a survey and questioning these companies is that I wanted to obtain data on the effect of slow steaming on delivery reliability. It would have been more ideal if I could have analysed the data of shipping lines regarding delivery reliability. This is because they keep records of the arrival times of containerships according to schedule and of the actual arrival times, so with these data the delivery reliability in the port of Rotterdam during the last years could have been estimated. However, the shipping lines appeared to be very reluctant towards providing others with these data, mostly because these data are classified so that competitors cannot benefit in any way. Therefore, data had to be collected in another way. Although shippers and forwarders may not experience it directly when a ship arrives late in a port, this possible delivery unreliability surely affects their supply chains, because they receive their cargo later. Whether delivery unreliability is also considered as disadvantageous by them will be discussed later on. In the survey shippers and forwarders were asked what their experiences with slow steaming and delays of containerships were and for example whether they experience a positive effect of slow steaming on schedule reliability, as was for example assumed by Maloni et al (2013). So the aim of the survey was mostly to collect data on their perception of this effect to be able to check whether this statement from Maloni et al (2013) is correct. In order to receive the opinions of a large number of shippers or forwarders, a survey was given preference over, for example, interviews.

[bookmark: _Toc456698855]6.1.2 Process of data gathering

Initially I tried to contact as many shippers as possible, but that appeared to be difficult. Generally everybody can be a shipper, as a shipper is the one that orders the transport of cargo. However, the ones that I wanted to include in my survey results were the ones with considerable experience in the field of container transport overseas. I contacted EVO, a Dutch organisation that pursues the interests of trade and transport entrepreneurs, but they would not provide me with a list of shippers. For that reason, I chose to send e-mails to forwarders from Rotterdam which were listed on the websites 'transportguiderotterdam.nl' and 'rotterdamportinfo.com'. As soon as I noticed that a forwarder was not active in container transport by sea or roll-on/roll-off (and thus in liner shipping), it was left out of the mailing list. In total approximately 300 companies were contacted. From their names and the descriptions on these websites, I could derive that some of them were actually shippers. It is hard to estimate how large the total population of shippers and forwarders is. However, the websites that were mentioned in the previous chapter seem to give a quite extensive overview of the present forwarders in the port of Rotterdam area, so at least a large part of the total forwarders population should have been contacted. I have contacted all of these companies by e-mail in which I referred to the survey on 'surveymonkey.com'. They could either answer the Dutch version of the survey or the English version, as I expected that there could be forwarders that would prefer to answer in English. A week after the first e-mail I sent a second one as a reminder in order to receive as many replies as possible. 

[bookmark: _Toc456698856]6.1.3 Survey

It was beneficial to contact these companies by e-mail instead of other means of communication for multiple reasons: (i) they would all receive the exact same information about the survey, (ii) this way was relatively not time-consuming, and (iii) it was easy to keep track of which companies had been contacted already. A limitation of this way of communication is that I was not fully aware what kind of employees would fill out the survey. It is imaginable that the know-how about the effect of slow steaming on delivery reliability can vary within a company. Moreover, the respondents would not receive some kind of reward in return, so it is possible that they did not take the survey serious enough. To prevent that respondents would truly not know which answer to give to a specific question, for some questions the option 'I do not know' or 'not applicable' was added to the number of answer options. In order to collect extra information, respondents were also given the possibility to elaborate on their answer in a text box.  

Concerning the content the survey can be divided into two parts. The first part consists of the first four questions. These were used to get information about what kind of respondent had filled out the survey. For example, it would be useful to know whether a respondent is a shipper or a  forwarder, because they might perceive changes in delivery reliability differently. Furthermore, shippers are likely to encounter negative effects of schedule unreliability at least to a larger extent than forwarders. Also the two data filters that will be discussed in section 6.2.1 are related to two of these questions. The remaining questions are more related to the aim of the survey, namely to obtain information about the respondents' perceptions on the effect of slow steaming on delivery reliability. In question 7 respondents were asked explicitly whether they think there is an effect. Meanwhile, some other questions may be useful in understanding their answers to this question. In the last questions respondents had to answer whether a low delivery reliability is disadvantageous for them and whether they have taken action to mitigate possible negative effects.

In the next section will be explained what filters have been used in order to have a reliable sample. It is helpful to use filters, because the survey could accidentally be filled out by people who did not match the criteria for a reliable respondent and so gave answers that are possibly very different from those of the target group. With a reliable respondent is meant someone that fits in the target group and possesses a sufficient level of knowledge to answer the questions. The results are indicated by means of the percentages of respondents that filled out a specific answer to a question. These percentages are compared to the discussed findings in academic literature. It should be stressed that the outcomes of this empirical research should be interpreted with a certain level of reservation, because there are some limitations present regarding this survey and there is no statistical analysis of whether the results are representative for the whole population of shippers and forwarders in the port of Rotterdam.   

[bookmark: _Toc456698857]6.2 Data

In this chapter the two data filters are mentioned. Moreover, some survey results are discussed. These are the ones that describe what kind of respondents have filled out the survey. Of the approximately 300 companies the survey had been sent to, 52 cooperated. This means that the response rate is about 17%. It would have been more ideal if the response rate would have been much higher, as this would contribute to the extent to which the results are representative. However, this does certainly not mean that some relevant information could not be derived from the results. All results can be found in appendix 2. 

[bookmark: _Toc456698858]6.2.1 Data filters

The first data filter that was applied concerns question 2. Because delivery reliability in liner shipping is researched in this thesis, the respondents that were not active in container transport or roll-on/roll-off were left out of the analysis of the remaining survey questions. As became clear in the methodology, I had already tried beforehand not to contact shippers or forwarders that were clearly not active in liner shipping, but surely it was possible that I accidentally did in some cases.

The second data filter has to do with the fourth survey question. If respondents had answered 'No', 'I do not know' or 'Not applicable' to the question whether they had ever experienced delays, then they are left out of the analysis. This is because if respondents never had experienced delays or if they were not aware that they had, then it would probably be quite difficult for them to notice if the delivery reliability in the port of Rotterdam has changed because of the implementation of slow steaming. Considering the aim of the survey, these respondents could probably not give reliable answers and are therefore left out in the analysis.

[bookmark: _Toc456698859]6.2.2 Describing survey questions

A distinction is made between the first four survey questions and the remaining six. The results of these four questions show what the sample looks like after applying the data filters. The other six questions represent the core of the survey and are discussed in the results section (6.3). The following results are the results that remained after applying the data filters.

10 out of the 42 remaining respondents appeared to be (working for) shippers, which is equal to 23.8%, so the remaining part of 76.2% were forwarders. One of the 42 respondents was not active in container shipping but in roll-on/roll-off. Some of the other 41 respondents answered to this question 'other' and explained in the textbox that they were active in multiple fields including containers, so for that reason they were not removed. Fortunately, a large part of the respondents was active in liner shipping so only few respondents were left out of the analysis because of the first data filter. 

Then question 3 was about the size of the company. 69.0% of the companies fell in the smallest categories in terms of the number of TEU per year that they ordered to be shipped (0-25,000) or in terms of number of employees (0-20). The respondents that did not fit these categories were quite dispersed among the other categories. As this number is already relatively small, it is not regarded as useful to make a distinction between respondents regarding their size.

With respect to question 4, not a single respondent had filled in 'No' or 'Not applicable' and three of them had filled in 'I do not know'. Because two had already been removed because of the first filter, the effect of this second filter on the sample size appeared to be small. In the figure below can be seen that about 60% of the respondents experienced delays regarding 1 out of 5 (33.3%) or 1 out of 10 shipments (26.2%). Hence, a considerable number of respondents experienced delays quite often, so therefore it is interesting to notice where these delays are occurring. This question and the other core questions are discussed in the next section.


Figure 6: results of question 4.



[bookmark: _Toc456698860]6.3 Results

The results of question 5 are presented below and they reflect that most delays occur at sea before ships enter the port (85.7%). This means that a decrease in the number of delays at sea or a reduction of the impact they have, could contribute substantially to the reliability of the total supply chain. Slow steaming can reduce the impact of delays in general, as ships can arrive on time nonetheless by speeding up, but apparently this has not changed the fact that most delays in the supply chain occur at sea, according to the shippers and forwarders questioned. Another part in the supply chain where delays occur is the terminal according to 50% of the respondents, but that could at least not directly be improved by slow steaming and thus falls outside the scope of this thesis.


Figure 7: results of question 5 (multiple answers were possible).
In section 5.2.3 was discussed that Notteboom (2006) had stated that about 66% percent of all delays was caused by the unavailability for a vessel to load or unload at a terminal due to port congestion. This seems to be in contradiction with the findings from the survey, because they show that most delays occur at sea. However, shippers and forwarders are likely not to know exactly where delays have occurred when their cargo does not arrive on time in a port. This means it is possible that a delay that the respondents marked as 'caused at sea' was actually caused in a port of call previous to the one in which their cargo was unloaded. In a textbox in this survey could be found that a forwarder stated that a forwarder never gets to know the real cause of a delay. Usually the shipping line would just apply a rotation change without explanation. Another forwarder stated that "shipping lines or shipping agents do not always truthfully explain the reasons for delays". So even if shippers and forwarders try to learn what the causes of delays are, then they might not always get the right answers. Moreover, there is no substantial motive for them to get to know this kind of causes for delays of cargo, because there is nothing they can do to prevent these delays from happening. The only option they have is to switch their business to another shipping line. Hence, from the results regarding question 5 can be concluded that most respondents think that delays in general are caused at sea. It is questionable whether this perception is similar to the actual situation, but if slow steaming would increase delivery reliability because shipping lines would be willing to speed up when necessary to be on time, then the respondents would probably think that the number of delays in total in the supply chain could be decreased substantially. 

The results of question 6 are presented below. Unfortunately 16 of the respondents (38.1%) did not know what the effects of slow steaming on their company had been. The answer that has been given most often is that the number of delays has increased (40.5%). This is quite surprising, because in the academic literature and more specifically in the articles of Maloni et al (2013) and Lee et al (2015) it became clear that the delivery reliability would have increased and thus that the number of delays would have decreased. Only three respondents noticed a decrease in this number. A small group of respondents (16.7%) thinks that revenues have decreased due to slow steaming. In the textboxes there is no clear answer to be found for why slow steaming would increase the number of delays or decrease revenues. However, one respondent noticed that the market has shrunk and that therefore revenues and profit margins have reduced. The high bunker price at the end of 2007 and in 2008 corresponds to the beginning of the financial crisis, which led to shrinking markets. Therefore it is possible that respondents blame slow steaming for decreases in their revenues. In section 5.1 the inventory costs were discussed and I would have expected that most shippers have experienced higher costs due to slow steaming, but making a distinction between shippers and forwarders does not reveal substantial differences in answers.


Figure 8: results of question 6 (what kind of effects has slow steaming had on your company?) (multiple answers possible).

Question 7 reflected the main question in this thesis: “has slow steaming had an effect on your delivery reliability of container freight in the port of Rotterdam?” As can be seen in the figure below, very few respondents (4.8%) think that slow steaming has increased their delivery reliability, as was assumed by Maloni et al (2013) and Lee et al (2015). The answer that was given most frequently was that there was no effect (52.4%). If the respondents that did not know what the effect had been are left out, then even 66.7% of the respondents think that there is no effect. This is in line with the findings from the surveys of Gallagher (2010) and Lee et al (2015) mentioned before. Although these authors only questioned shippers, the frequency of answers when distinguishing shippers and forwarders does not differ much from the results presented below. Some respondents elaborated on their answer in the textbox. One respondent (a forwarder) that answered that there is a negative effect stated that his customers cannot meet their delivery requirement towards the final recipients. Also some of them would be facing penalty clauses when delivery takes place late. The reliability of this forwarder towards his customers would be under pressure. This could be a reason why 21.4% of the respondents answered that there is a negative effect. Apparently they do at least not experience a higher delivery reliability from the container ships and meanwhile their delivery reliability towards their customers decreases because of longer transit times. This would mean shippers and forwarders would experience a negative effect of slow steaming considering the factor reliability. Another respondent who did not know what the effect was, stated that shipping lines do not always give the true reasons for delays, as was mentioned before. Unfortunately there were not any useful comments from respondents who answered that there is no effect. It can be concluded that a majority of the respondents answered that there is no effect of slow steaming on their delivery reliability. 



Figure 9: results of question 7.

Then there was a question about for which parties respondents thought slow steaming was beneficial and for which of them it was disadvantageous (see figure 10). The most frequent answer was that shipping lines are benefiting from slow steaming (71.4%). I regard this number as lower than expected, because in chapter 4 has become clear that there are multiple major benefits from slow steaming for shipping lines and only a few minor drawbacks. Nonetheless, a large majority of the respondents have answered this question in line with the findings from academic literature. Moreover, 19% of the respondents answered that they did not know what the effects on shipping lines were (9.5%) or that they did not know what the effects on any of the parties were (9.5%), so only a small group of respondents disagrees with the statement that shipping lines benefit from slow steaming (9.5%). 

Another frequent answer was that slow steaming is in general disadvantageous for shippers (57.1%). This is also a finding that is in line with academic literature (not considering delivery reliability) and the results from question 7. If delivery reliability would not be improved by slow steaming, then there is a major negative effect on shippers left, namely the increase in inventory costs (section 5.1). If the ‘I do not know’-respondents are left out, this percentage increases to 72.7%, so only the answers of 27.3% of the respondents contradict. 

Considering forwarders 31% of the respondents thinks that slow steaming is disadvantageous and 38.1% thinks that forwarders are generally not benefiting nor experiencing drawbacks from slow steaming. Unfortunately 7.1% did not fill in an answer. It is difficult to draw any conclusions from these numbers, because none of the answers got at least a majority. The same goes for terminal operators, for which the most frequent answer was that they are not experiencing benefits nor drawbacks (35.7%).


Figure 10: results of question 8 (one answer per party).

Question 9 was about to what extent a respondent experiences drawbacks in case of a low delivery reliability (see figure 11). The possible answers were: no disadvantages (14.3%), some disadvantage (40.5%) and serious disadvantage (45.2%). Not a single respondent filled in ‘I do not know’ or ‘Not applicable’. It can be concluded that 85.7% experiences at least some disadvantage when there is a low delivery reliability. Again distinguishing between shippers and forwarders does not lead to substantial differences. In section 5.2.2 was discussed that a high delivery reliability is important for shippers, thus this finding is in alignment with the findings from academic literature. This means that a positive effect of slow steaming on delivery reliability could actually be beneficial for shippers and forwarders.



Figure 11: results of question 9.

The last question was about what respondents had done to mitigate possible negative effects of slow steaming with respect to the delivery reliability. 71.4% percent answered ‘Not applicable’, so this means that they either did not experience negative effects or that they had done nothing to mitigate the effects. Because such a large majority chose for this answer option, no strong conclusions can be drawn in this case. Some respondents chose for ‘other’ and they explained that they spent more time on long-term planning and/or tried to inform their customers about the expected time of arrival as well as possible.   

[bookmark: _Toc456698861]6.4 Conclusion

The most important findings from the empirical research are summarized shortly. The criterion for ‘most important’ is that a majority of the respondents chose for that particular answer option. Firstly, at least one out of ten shipments is delayed, so delays occur regularly. Secondly, most delays occur at sea or, as was explained, somewhere else before a ship reaches the port of Rotterdam, such as in another port of call. Thirdly, there would be no effect of slow steaming on the delivery reliability of the respondents. This finding contradicts with the theoretical assumptions of Maloni et al (2013) and Lee et al (2015), but it is in alignment with the outcomes from surveys of Gallagher (2010) and Lee et al (2015).
If this effect would have been positive, this would have been beneficial for shippers and forwarders because they experience at least some disadvantage when the delivery reliability is low, which is a fourth finding. Regarding shippers this had also been concluded in the academic literature. Lastly, shipping lines would benefit from slow steaming and shippers would be worse off. Given that the respondents experience no positive effect of slow steaming on delivery reliability, this finding is in line with the academic literature. Nevertheless, the outcomes of this empirical research should be interpreted with a certain level of reservation due to the limitations of this survey.   


[bookmark: _Toc456698862]7 Conclusion
[bookmark: _Toc456698863]7.1 Summary

The following research question formed the basis of this thesis: "What is the effect of slow steaming on delivery reliability in liner shipping?" To better understand the relevance of this question, first the design of a liner service, including the three decision-making levels that are faced by shipping companies, slow steaming and the resulting conflict between shippers and shipping lines were explained. Then the most important effects of slow steaming were discussed. Slow steaming has had multiple positive effects on shipping lines, namely the decrease of fuel consumption and associated costs, the decrease of CO₂ emissions and the absorption of excess fleet capacity. The reduction of fuel costs has been the main reason to adopt slow steaming. At the same time slow steaming would have been disadvantageous for shippers because of the rise of inventory costs. As is mentioned by Maloni et al (2013), this has caused a conflict between shipping lines and shippers, because in the opinion of shippers shipping lines did not share their benefits enough by decreasing freight rates. During the negotiations about freight rates a common argument of shipping lines has been that slow steaming would improve delivery reliability, which would compensate shippers for their higher pipeline inventory costs due to longer transit times, because safety stocks and associated costs could be decreased. However, this improvement of delivery reliability was not recognized by shippers according to surveys of Gallagher (2010) and Lee et al (2015). Hence, there is no consensus on what the effect on delivery reliability is. Therefore it seemed necessary to add more theoretical as well as empirical research about the effect of slow steaming on delivery reliability to the existing literature.

After discussing the most important effects on shipping lines and on inventory costs, the effect on delivery reliability according to the existing academic literature was elaborated on extensively. It has come forward why delivery reliability is important for shippers and how the number of delays within a liner service can be decreased. Lee et al (2015) have described how slow steaming would improve delivery reliability; due to slow steaming shipping lines would have the possibility to increase the speed of a vessel that has encountered delays and thus to let this vessel arrive on time in the port of call nonetheless. By means of a quantitative analysis they have shown that this can be affordable for them, because the savings from slow steaming would still outweigh the costs of speeding up. 

The empirical research consisted of a survey among shippers and forwarders in the port of Rotterdam. The most important outcomes, that are supported by at least half of the respondents after applying two data filters, are that (i) at least one out of ten shipments is delayed, (ii) most delays of vessels occur before arriving in the port of Rotterdam, (iii) there is no effect of slow steaming on delivery reliability, (iv) at least some disadvantage is experienced by shippers and forwarders when delivery reliability is low and (v) shipping lines would benefit from slow steaming, whereas shippers would be worse off.


[bookmark: _Toc456698864]7.2 Answer to the research question

When answering the research question it should be noticed that the survey in this thesis has some limitations that may not be ignored. Thus a relatively low weight should be allocated to its results. In theory slow steaming would improve delivery reliability according to Maloni et al (2013) and Lee et al (2015). However, because important empirical research, namely the surveys of Gallagher (2010) and Lee et al (2015), as well as my own survey results contradict this statement, the answer to the research question should be that it is unsure whether this is the case. It follows from the theoretical research that slow steaming gives shipping lines the opportunity to speed up in case of delays, but the results of the empirical research point in another direction, because they imply that there is no effect of slow steaming on delivery reliability. Therefore it is safe to conclude that slow steaming might not improve delivery reliability.  

[bookmark: _Toc456698865]7.3 Limitations

There are certain limitations regarding the empirical analysis that should be mentioned. Firstly, the sample consisted of only 42 respondents after applying the two data filters, whereas the population size of shippers and forwarders that are active in the port of Rotterdam may be much larger. In fact, to me the population size was unknown. From the 300 companies that I have contacted, some did not fit into the target group. However, it is very likely that I have not contacted all potential members of this group. Therefore, I regard the sample size as only a fraction of the total population. This means that the survey results may not be representative for the whole population. Secondly, I did not know exactly which employees within the various companies filled out the survey, so it cannot be concluded that all respondents should have been capable to fill out the survey in a way that would correctly show the experiences of the specific company. Thirdly, although I have tried to overcome this problem, it is still possible that respondents did not know which answer option to choose in some cases and then were forced to pick one, as it was obligatory to answer all questions. Not all questions contained an option ‘I do not know’, because I wanted respondents to think twice in case they did not know the answer immediately. Fourthly, some of the findings are considered as ‘most important’ because they are supported by at least the majority of respondents. However, this benchmark is quite ambiguous. It is possible that others would not regard a finding as important if it is only by, for example, 50%-60% of the sample supported. Fifthly, although I tried to contact many shippers, this appeared to be difficult. Therefore I contacted forwarders based on the assumption that they would be able to give a good insight on the effect of slow steaming on delivery reliability and related matters because, being an intermediary between shippers and shipping lines or shipping agents, they would notice if shipments are delayed. However, shippers may not agree to some views of forwarders. I did not recognize substantial differences between the two kinds of respondents in the results, but due to the small sample size this does not mean that there are in fact. Lastly, shippers and forwarders may both in general not be fully aware what the real reasons of delays are and whether the number of delays is changed due to slow steaming. They may generally not be motivated highly to ask the shipping line, because there is nothing they could do about it except moving their business to another shipping line, and if they would ask, the shipping lines would not always give them the right answers, as was mentioned by some respondents. Therefore the experiences of the respondents could possibly not be in alignment with the actual situation.

[bookmark: _Toc456698866]7.4 Suggestions for further research

Because there is no consensus on the effect of slow steaming on delivery reliability and because theoretical and empirical results contradict each other, it is necessary that more research is dedicated to this effect. It would be useful if other kinds of data are analysed. In this thesis and in the articles of Gallagher (2010) and Lee et al (2015) surveys among shippers (and in this thesis also forwarders) were used to show an empirical insight. However, the effect on delivery reliability could probably be estimated more accurately if data on the expected arrival times of ships according to the official schedule would be compared to the actual arrival times. If the reliability before the implementation of slow steaming would significantly differ from the reliability afterwards, then this would probably give a more reliable outcome. However, it may be hard to obtain these data; shipping lines possess these data, but they are generally reluctant to share them with others, and research institutions such as Drewry would probably request a large amount of money. Another suggestion for further research is to look into some possibly surprising findings from this thesis’ survey. The first one is that 17 respondents indicated that slow steaming had caused an increase in the number of delays. I did not get any clear answers in the textboxes for the reason why this effect was perceived in this way. The second finding is that slow steaming would be disadvantageous for forwarders according to 13 of the respondents, whereas I had expected that slow steaming would not have an effect on forwarders at all. It could be interesting to know whether these two perceptions are supported by more shippers and forwarders and why that would be the case. Lastly, it could be the case that shippers and forwarders in other ports in the world perceive the effect of slow steaming on delivery reliability differently, so perhaps future research should focus on other ports than the port of Rotterdam. 

[bookmark: _Toc456698867]7.5 Implication for shippers 

The outcome of the research in this thesis, namely that there may not be a positive effect of slow steaming on delivery reliability, is an argument that some shippers may want to bring forward in negotiations with shipping lines about freight rates. However, it should be noticed that freight rates are dependent on many variables and the impact of a different perception in negotiations towards this factor would probably only be marginal. Shipping lines are benefiting from slow steaming in many ways, mostly because of lower bunker costs, whereas shippers are facing higher inventory costs. It could be that in some cases shipping lines refused to reduce freight rates to an acceptable level in order to share their profits from slow steaming and compensate shippers for their higher inventory costs, because they believed that delivery reliability would be increased. In such cases a shipper could use the outcome of this research, because this could perhaps work out for him in a positive way. 
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[bookmark: _Toc456698871]Questions

	Question
	Text

	Q1
	Do you work for a shipper or a freight forwarder?

	Q2
	Which business is your company involved in?

	Q3
	What is the size of your company, if this is expressed in the number of TEU per year that you order to be shipped through the port of Rotterdam? If you do not know this number, what is then the number of employees that is employed at your company?

	Q4
	Has your company ever experienced delays of the freight that is shipped to the port of Rotterdam by a containership?

	Q5
	If you have ever experienced delays, do you know where these delays are caused within the supply chain? (multiple answers possible)

	Q6
	What kind of effects has slow steaming had on your company? (multiple answers possible)

	Q7
	Has slow steaming had an effect on your delivery reliability of container freight in the port of Rotterdam?

	Q8
	This question is about your perception on the distribution of benefits and drawbacks of slow steaming. In general, to which parties do you think slow steaming is beneficial and to which parties it is disadvantageous? Please choose 1 out of 3 options per party mentioned.

	Q9
	To what extent does your company experience disadvantages if there is a low delivery reliability of container freight?

	Q10
	What has your company done to mitigate possible negative effects of slow steaming on your company with respect to the delivery reliability? (multiple answers possible)



[bookmark: _Toc456698872]Answer options

Q1:
	1
	Shipper

	2
	Freight forwarder



Q2:
	1
	Containers

	2
	Roll-on/roll-off

	3
	Bulk

	4
	Other



Q3:
	1
	0-25,000 TEU

	2
	25,000-50,000 TEU

	3
	50,000-75,000 TEU

	4
	75,000-100,000 TEU

	5
	100,000-200,000 TEU

	6
	200,000-300,000 TEU

	7
	300,000-400,000 TEU

	8
	400,000-500,000 TEU

	9
	More than 500,000 TEU

	10
	0-20 employees

	11
	20-40 employees

	12
	40-60 employees

	13
	60-80 employees

	14
	80-100 employees

	15
	More than 100 employees



Q4:
	1
	Yes, approximately 1 out of 5 shipments is subject to delays.

	2
	Yes, approximately 1 out of 10 shipments is subject to delays.

	3
	Yes, approximately 1 out of 25 shipments is subject to delays.

	4
	Yes, approximately 1 out of 50 shipments is subject to delays.

	5
	Yes, approximately 1 out of 100 shipments is subject to delays.

	6
	Yes, but the extent to which this happens is very small.

	7
	No

	8
	I do not know

	9
	Not applicable



Q5:
	1
	Delays at sea (encountered by a ship before reaching the port of Rotterdam)

	2
	Congestion at the terminal

	3
	Delays in the port (not due to congestion at the terminal)

	4
	Delays in the hinterland

	5
	I do not know 

	6
	Not applicable



Q6:
	1
	Number of delays has increased

	2
	Number of delays has decreased

	3
	Revenues have increased due to slow steaming

	4
	Revenues have decreased due to slow steaming

	5
	Costs have increased due to slow steaming

	6
	Costs have decreased due to slow steaming

	7
	I do not know



Q7:
	1
	Yes, a positive effect (reliability has increased)

	2
	Yes, a negative effect

	3
	No

	4
	I do not know



Q8: 
	1
	Shipping lines are generally better off due to slow steaming

	2
	Shipping lines are generally worse off due to slow steaming

	3
	Shipping lines are generally not experiencing benefits nor drawbacks of slow steaming

	4
	I do not know what the effects on shipping lines are

	5
	Shippers are generally better off due to slow steaming

	6
	Shippers are generally worse off due to slow steaming

	7
	Shippers are generally not experiencing benefits nor drawbacks of slow steaming

	8
	I do not know what the effects on shippers are

	9
	Forwarders are generally better off due to slow steaming

	10
	Forwarders are generally worse off due to slow steaming

	11
	Forwarders are generally not experiencing benefits nor drawbacks of slow steaming

	12
	I do not know what the effects on forwarders are

	13
	Terminal operators are generally better off due to slow steaming

	14
	Terminal operators are generally worse off due to slow steaming

	15
	Terminal operators are generally not experiencing benefits nor drawbacks of slow steaming

	16
	I do not know what the effects on terminal operators are

	17
	I have no idea what the effects on any of the parties involved might be



Q9:
	1
	No disadvantages

	2
	Some disadvantage

	3
	Serious disadvantage

	4
	I do not know

	5
	Not applicable



Q10:
	1
	A higher frequency of delivery was established

	2
	Higher safety stocks were kept

	3
	Not applicable

	4
	Other




[bookmark: _Toc456698873]Appendix 2: survey results

These are the results after applying the two data filters (see section 6.2.1), unless stated otherwise. The answer options, the number of respondents per answer and the corresponding percentages as part of the total of 42 respondents are presented below.

Q1:
	1
	10
	23.8%

	2
	32
	76.2%



Q2: (data filters are not applied here; total number of respondents is then 52)
	1
	35
	67.3%

	2
	1
	1.9%

	3
	2
	3.8%

	4
	14
	26.9%



Q3:
	1
	21
	50%

	2
	2
	4.8%

	3
	1
	2.4%

	4
	1
	2.4%

	5
	0
	0%

	6
	0
	0%

	7
	0
	0%

	8
	0
	0%

	9
	1
	2.4%

	10
	8
	19%

	11
	1
	2.4%

	12
	2
	4.8%

	13
	1
	2.4%

	14
	1
	2.4%

	15
	3
	7.1%



Q4: (data filter 2 regarding question 4 is not applied here; total number of respondents is then 43)
	1
	14
	32.6%

	2
	11
	25.6%

	3
	6
	14.0%

	4
	3
	7.0%

	5
	1
	2.3%

	6
	7
	16.3%

	7
	0
	0%

	8
	1
	2.3%

	9
	0
	0%



Q5:
	1
	36
	85.7%

	2
	21
	50%

	3
	10
	23.8%

	4
	5
	11.9%

	5
	2
	4.8%

	6
	0
	0%





Q6:
	1
	17
	40.5%

	2
	3
	7.1%

	3
	1
	2.4%

	4
	7
	16.7%

	5
	6
	14.3%

	6
	5
	11.9%

	7
	16
	38.1%



Q7:
	1
	2
	4.8%

	2
	9
	21.4%

	3
	22
	52.4%

	4
	9
	21.4%



Q8:
	1
	30
	71.4%

	2
	3
	7.1%

	3
	1
	2.4%

	4
	4
	9.5%

	5
	5
	11.9%

	6
	24
	57.1%

	7
	7
	16.7%

	8
	2
	4.8%

	9
	6
	14.3%

	10
	13
	31%

	11
	16
	38.1%

	12
	0
	0%

	13
	6
	14.3%

	14
	6
	14.3%

	15
	15
	35.7%

	16
	7
	16.7%

	17
	4
	9.5%



Q9:
	1
	6
	14.3%

	2
	17
	40.5%

	3
	19
	45.2%

	4
	0
	0%

	5
	0
	0%



Q10:
	1
	4
	9.5%

	2
	3
	7.1%

	3
	30
	71.4%

	4
	5
	11.9%



Frequency of delays
Question 4: frequency of delays	1 out of 5 shipments	1 out of 10 shipments	1 out of 25 shipments	1 out of 50 shipments	1 out of 100 shipments	The extent to which this happens is very small	0.33300000000000107	0.26200000000000001	0.14300000000000004	7.1000000000000021E-2	2.4000000000000042E-2	0.16700000000000029	
Occurence of delays in the supply chain
Number of respondents	At sea	In the port	At the terminal	In the hinterland	I do not know 	Not applicable	36	10	21	5	2	0	Increase	Number of delays	Revenues	Costs	17	1	6	Decrease	Number of delays	Revenues	Costs	3	7	5	Has slow steaming had an effect on your delivery reliability of container freight in the port of Rotterdam?
Number of respondents	Yes, a positive effect (reliability has increased)	Yes, a negative effect	No	I do not know	2	9	22	9	



Effect of slow steaming on various parties
Beneficial	Shipping lines	Shippers	Forwarders	Terminal operators	30	5	6	6	Disadvantageous	Shipping lines	Shippers	Forwarders	Terminal operators	3	24	13	6	Neither	Shipping lines	Shippers	Forwarders	Terminal operators	1	7	16	15	I do not know	Shipping lines	Shippers	Forwarders	Terminal operators	4	2	0	7	



Result of a low delivery reliability
Sales	No disadvantages	Some disadvantages	Serious disadvantages	I do not know	Not applicable	6	17	19	0	0	
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