Accompanying note: changes made after version of 19-7-2010
Rotterdam, 26-7-2010
In order for the comparison between the NWP and Suez routes to be ‘fair’ the Suez scenario was adjusted to the use of a larger ship (10.000 TEU). Consequently several adjustments had to be made in the model. To draw comparable scenario’s for both routes, the total number of TEU transported in a year was equalized. One of the implications of this change, was the number of ships that have to be used for the NWP scenario’s in the case study. Because the maximum NWP vessel size is about half of the maximum size on the Suez route, on average two ships are needed on the NWP route to reach the same capacity.
A new chapter was added before the conclusion (chapter 5 –Conclusions and discussion became chapter 6 in this revised version). Chapter 5 now shows the research results.
Gross profit margins are extreme, but not relevant. The relative differences between the scenario’s are under investigation. Actual profit margins will be much lower, but difficult to estimate accurately due to limited information.
A passage on competition on short transit times was added (4.6.3). Opportunity cost and economic depreciation of the shipped goods was added to the model by assuming that the liner company is able to extract part of the shipper’s savings (due to reduced transit time) via an increased freight rate.
The bibliography was extended with multiple references and was ordered.
The ‘blue-water’ speed was adjusted from 21 to 18 knots to account for ‘super slow steaming’ in order to compare extremes. Super-slow steaming is an extreme because it offers the lowest bunker cost and thus brings bunker expenses on the Suez route closer to those on the NWP (where speeds are necessarily lower). A paragraph on super slow steaming was added in chapter 4.1 (p. 18).
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[bookmark: _Toc267925087]Chapter 1	Introduction

Global warming has been causing the Arctic sea Ice extent to shrink over the past decennia (Deser, 2008). On top of that, the permafrost - which has been stationary for millions of years – has also started to thaw (ACIA report, 2005). Apart from the much bespoken negative consequences of global warming, it seems that the melting of Arctic sea ice might also have a positive effect; on shipping.
Based on prior research performed in the field of Arctic shipping, this thesis will examine the economic viability of a new shipping route between the ports of Yokohama (the port city of Tokyo) and Rotterdam; the North West Passage (NWP). The NWP will carry ships from the Bering Sea to the Beaufort Sea, then traversing the Atlantic Ocean via the Arctic Bridge along the South Coast of Greenland to Europe. This new route will decrease the shipping distance between the two ports by approximately 3400 nautical miles (NM) to 7850 NM and thus will create an opportunity for shippers to save on fuel expenses.
This thesis provides a cost-benefit analysis for several plausible developments in the maritime sector. A scenario analysis is conducted by identifying three parameters which are of importance to the viability of the NWP. For each of the three variables, three plausible expected future values are set. All possible combinations of these variables are examined and visualized in a matrix. The profitability of each scenario is computed upon having included additional (fixed) variables.
The NWP scenarios will be compared to current practices based on expected annual profits. Shipping between Yokohama and Rotterdam currently takes place via three routes, namely, (1) the Suez Canal, (2) the Panama Canal and (3) Cape Horn. This thesis will primarily compare the NWP route with the Suez Canal route as it is currently the most used. 
The focus of this paper is on liner shipping as data for this market is easier to gather than for bulk shipping. However, many of the conclusions may easily be translated to the bulk market as most parameters are similar for both markets.
Two papers form the base for this thesis. First of all, in “New Era in Arctic Shipping?”, Liu & Kronbak presents a scenario analysis which compares the Suez Canal route with the Northern Sea Route (the other Arctic route between Asia and Europe, along the Northern shores of Russia) for maritime transport between Yokohama and Rotterdam. Their matrix consists of forty-eight scenarios which were created based on three parameters with each three options. This research is similar, but investigates the other Arctic route; along the North Coast of Canada instead of Russia. The three parameters employed by Liu & Kronbak employed are navigable days, bunker prices and icebreaking fees. The first factor, navigable days, indicates the annual number of days that the route is free of ice and thus open to commercial shipping. Secondly, three scenarios for bunker price developments were chosen. The third factor, icebreaking fees, was of great significance within the study as Russian authorities set fees relatively high. As Canadian icebreaking fees are much lower than Russian, for this thesis that variable is replaced by the ice premium. The ice premium indicates the additional capital cost involved in running an ice-classed ship in comparison to a regular blue-water vessel. The additional capital cost stems from research and development investments for large, ice-classed container ships (incurred through a higher vessel purchasing cost).
The second paper which adds to the academic base of this thesis is the MSc of Ashok Pandey (2008). In his work, Pandey researches the technical as well as the economic viability of the NWP route in comparison to the Suez and Panama routes between Yokohama and Rotterdam. In the fourth chapter of his work he presents a limited scenario analysis, assuming only navigable days as variable. 
Another valuable source for this research was found in the work of Saran Somanathan, Peter C. Flynn and Josef Szymanski. In their 2006 paper they simulate shipping between Yokohama and New York on both the NWP and the Panama Canal route. Their outcome is a required freight rate per container that would be necessary in order for the NWP route to be more profitable than the Panama Canal route.
Apart from this background literature, a number of additional (maritime) sources as well as a number of climate studies (Deser, Rigor, Rodrigue, the 2005 ACIA Report)  were consulted in order to get an accurate estimation of the environmental impact.
This thesis will contribute to the existing research by adding more variables to analysis of Pandey in order to give a more accurate assessment of the economic viability of the Northwest Passage.
In order to give the reader a better understanding of the reason for conducting this study, chapter 2 of this thesis will present a more detailed definition of the NWP route and some recent developments in the Arctic region. Ice formation, economic development of the Arctic region, the global economic crisis and environmental regulations will be discussed. 
Following the broad introduction of the NWP and the Arctic region, chapter 3 delves further into climate change. First of all, the developments of Arctic ice over de past decades will be discussed, followed by implications for commercial shipping. The goal of this chapter is to provide an accurate understanding of future Arctic sea ice development. The information presented will serve to quantify three plausible scenarios for the number of days that the NWP will be navigable annually (navigable days parameter).
In chapter four the case study will be introduced. The model assumes an equal annual capacity of shipped containers between Yokohama and Rotterdam for all scenarios. In order to include the effect of global warming, three scenarios of navigable days were selected and since bunker prices are highly volatile and take up a large proportion of cost, three possible future prices were assigned. The third issue which may significantly influence the economic performance of the NWP is the ice-premium. 
In chapter five the research results are shown and elaborated on and chapter six sums up the work in a conclusion and discussion.





[bookmark: _Toc267925088]Chapter 2	Definition and developments
[bookmark: _Toc267925089]2.1	Definition of the Northwest Passage
The Northwest Passage was first suggested as a commercial shipping route by Somanathan et al in 2006. The route carries ships between the Russian Bering Sea and Canadian Baffin Bay. The route has been proposed as a substitute for ocean shipping between North-East Asia and the West coast of the United States (Somanathan et al, 2006, 2007, 2008) as well as for shipping between North-East Asia and Western Europe (Pandey, 2006). Shipping distances between these location would be significantly reduced as table 1 portrays. Although the distance and thus fuel expenses have a significant influence on total shipping cost many other variables influence the economic viability of the NWP and this thesis serves to group and summarize the most important factors and to calculate the profitability of operating on the NWP under various circumstances.
Figure 1
[image: ]
Source: 1998-2009, Dr. Jean-Paul Rodrigue, Dept. of Global Studies & Geography, Hofstra University.

The distance is of vital importance to shippers as bunker (fuel) cost decline linearly with distance and account for approximately 50% of voyage cost which accounts for about 16,5% of  total annual cost (Stopford, 2009). 

Additionally, fuel consumption depends on the speed of a vessel. The following formula (1) represents the relationship between sailing speed a fuel consumption for diesel powered marine vessels. In chapter four the effect of a lower sailing speed in icy condition will be combined with the decreasing in sailing distance as to estimate the joint effect on shipping cost. Paragraph 4.5 elaborates further on this topic.

(1) F = F* (S / S*)^3

Within the NWP there are two possible routes; a route via the Prince of Wales Straight and another route via M’Clure Straight. Similarly to the research performed by Ashok Pandey, the former route has been assumed for this study as it does not entail any draft restrictions; unlike the M’Clure Straight. However the latter route would further reduce the sailing distance by approximately 2,6% (200 NM), this route has a restriction to the maximum draft of a ships. Ships which fall within these restriction, however, have a capacity that is not large enough to ensure minimum economics of scale.
Table 1: Shipping distances between Yokohama – Rotterdam
	Route
	Distance (NM)

	NSR
	6,749

	NWP (POWS)
	7,850

	Suez canal
	11,223

	Panama Canal
	12,300

	Cape of Good Hope
	14,700



Another point of difference between the routes is their size restriction. Nowadays the Suez canal, the NWP and Cape of Good Hope routes can all accommodate the largest container vessels. The Panama Canal has restrictions to the draft, width and length of a vessel. However, currently Panama Canal Authorities are in the middle of a large-scale expansion project and hence by 2014 the canal should be able to accommodate 11.000 TEU container as well.[footnoteRef:1] Therefore size restrictions are expected not to affect routing decisions from 2014 onwards. [1:  Panama Canal Authoritiey] 


In situations where the ice is too thick, container vessels have to be preceded by an ice-breaker. Therefore, both the NSR and NWP have restriction regarding the their beam (width). The largest ice-breakers have a beam at the waterline of 28m,[footnoteRef:2] which does not come close to the 56m[footnoteRef:3] beam of large container ships like Emma Maersk (11,000 TEU) and consequently these ships will not be able to navigate this route. Apart from the beam, the NSR route is also restricted to a depth of 12,5 m. [footnoteRef:4] If the route were not to be dredged, Emma Maersk with its 15,5m draft would not be able to cruise this route. [footnoteRef:5] [2: The Russian Arktika class NS 50 Let Pobedy is the world’s largest ice-breaker.  http://www.shipsmonthly.com/auto/newsdesk/20070403154825ships.html ]  [3:  http://www.emma-maersk.com/specification/ ]  [4:   “Maximum draft is 12.5 m due to the shallow and often unavoidable straits between the New Siberian Islands, and maximum beam is 30 m, as vessels cannot be wider than the ice-breaker in which path it must sometimes follow. This restricts NSR vessel size to around 50,000 dwt – much smaller than vessels that can use the Suez Canal route.” (Ragner, 2008)]  [5:  http://en.wikipedia.org/wiki/Emma_Maersk ] 


During Arctic winters, deployment of vessels on both the NSR and NWP routes is not an option as even the strongest ice-breakers are not able to break to thick winter ice. Both routes are significantly shorter than the three routes currently used. To their disadvantage, the Arctic routes are not navigable year-round. As will be explained in chapter three, global warming has diminished  restrictions due to sea-ice and hence shipping along the Arctic routes might be possible in the near future. The goal of this thesis is to assess under which conditions liner shippers should deploy vessels on this route.

[bookmark: _Toc267925090]2.2	Developments regarding the NWP
The Arctic region is unique to the world and comes with special complications and factors to consider when attempting to set up a shipping service. 
[bookmark: _Toc267925091]2.2.1 Introduction of global warming and shrinking arctic ice coverage
Global warming is creating new opportunities for maritime shipping as rerouting via Arctic waters greatly reduces shipping distances on certain services. In the summer of 2007 the Northwest Passage was recorded to be free of ice for the first time. Many different models have been developed in order to predict the annual formation of sea ice and how it will develop itself during the coming century. Expectations are that the navigable season of the NWP will increase from 2 to 4 months over de coming century (Khon et al, 2009) and regular shipping might be possible on a regular basis from 2020 onwards (Rodrigue, 2006).
[bookmark: _Toc267925092]2.2.2 Economic development of the arctic region
The ocean floor of the Arctic covers a vast stock of untouched fossil fuels. Russia’s educated guess is that resources amount to as much as 586 billion barrels, in comparison to the 200 billion in Saudi Arabia (Pandey, 2008). On the second of August 2007 a mini-submarine planted a Russian flag on the sea bed below the North Pole, thereby symbolically claiming the land and its resources. It will not come as a surprise that geo-political negotiations are taking place as ownership of these resources come with significant wealth. Norway, Russia, the United States, Canada, Finland, Sweden and Greenland (Denmark) are the most important players in this political game.
[bookmark: _Toc267925093]2.2.3 Environmental regulations
Questions have been raised regarding the environmental impact of Arctic shipping. The extreme cold and icy conditions of Arctic shipping route brings additional risk to shipping. Heavy ice can puncture or even sink vessels, which in turn will have a great impact on the local environment. Crude oil transported by tankers, bunker fuel, liquid natural gas (LNG) and containers filled with toxic products can all damage the Arctic environment. Regulations regarding the NWP have just been sharpened by the Canadian government, claiming more supervision power over shippers sailing these waters. These new laws are yet another chapter in a long-lasting dispute over the ownership of these arctic waters and Canada’s sovereignty. The new bill states that all ships sailing the passage will need to register with the Canadian Coast Guard[footnoteRef:6] which according to the Baltic and International Maritime Council (BIMCO) [footnoteRef:7] is in violation international law and should thus be verified by the International Maritime Organization (IMO).[footnoteRef:8]Another addition of the bill is that strict Arctic environmental legislation are applied to waters up to 370 kilometers from the coast whereas only waters up to 22 kilometers from shore can be claimed as national territory.  [6: http://winnipeg.ctv.ca/servlet/an/local/CTVNews/20100709/arctic-rules-law-100709/20100709/?hub=WinnipegHome ]  [7: www.bimco.org: “BIMCO is an independent international shipping association, with a membership composed of ship owners, managers, brokers, agents and many other stakeholders with vested interests in the shipping industry. The association acts on behalf of its global membership to promote higher standards and greater harmony in regulatory matters.  ]  [8: www.imo.org :“IMO's main task has been to develop and maintain a comprehensive regulatory framework for shipping and its remit today includes safety, environmental concerns, legal matters, technical co-operation, maritime security and the efficiency of shipping.”] 

[bookmark: _Toc267925094]2.2.4 Financial crisis
The short run demand for liner shipping largely depends on the three different aspects of the world economy; the business cycle, then trade elasticity and the trade development cycle (Stopford, 2009). In essence the financial crisis of 2008 triggered a downturn in the business cycle. The decline in demand for shipping resembled the effect which occurred upon the 1929 Wall Street crash as well as the two oil price shocks in 1973 and 1979. The American subprime mortgage crisis is seen as the random chock that triggered a chain of events which has lead to the deceleration of the global economic growth. As credit debt financing has become less readily available and consumer expenditure decreased, the effect was soon noticeable in the maritime industry. Demand for ocean transportation from Asia to Europe declined and the decrease in demand forced liner shippers to decrease freight rates by up to 75% to a mere $700.[footnoteRef:9] [9:  Maersk, Dynamar and Drewry Shipping Consultants. http://www.scdigest.com/assets/On_Target/08-10-13-2.php?cid=1992&ctype=content.] 


 Shippers have reported a rise in container traffic over de first 6 months of 2010, more new ships are delivered and the order cancellation rate is down once again[footnoteRef:10], indicating that the maritime sector is momentarily on the road to recovery. [10:  http://www.lloydslist.com/ll/] 


[bookmark: _Toc267925095]2.2.6 Other traffic along the NWP
Somanathan et al. (2008) found a required freight rate of $563 per TEU for ocean shipping between Yokohama and New York along the NWP. As the route between Yokohama and Rotterdam sees much more container traffic than the route to the New York, the increased scale advantage will lower freight rates. However, the distance from Yokohama to Rotterdam along the NWP is 2,5% more than to New York, implying higher voyage cost. The distance reduction, however, differs between the routes. For the Asia-Europe route, shipping via the NWP will achieve a distance reduction of approximately 30% (3400 NM) compared to the Suez canal. For the Asia-US route the reduction will amount to 17% (1650NM). Since the Europe-Asia route is busier and the shipping distance will be relatively further decreased by shipping along the NWP, the economic viability is of the greatest importance for shippers on this route.
[bookmark: _Toc267925096]
Chapter 3	Climate change and
[bookmark: _Toc267925097]expectations of arctic sea ice development

At the March 2009 Sea Ice Outlook Workshop organized by National Snow and Ice Data Center (NSIDC), attended by the leading scientists within the field, the participants expressed that one of the their common scientific goals is to pursue the development of an accurate seasonal (30-90 days ahead) forecast model for Arctic sea ice. For this thesis a long-term prediction is needed to set plausible scenario’s for navigability of the NWP in the future. Shippers also need an accurate short-term models to feed their routing and planning systems.

Figure 2 - Daily Arctic Sea Ice extent NASA Team Algorithm
[image: ext.gif]
Source: Clara Deser , Presentation at the “Sea Ice Outlook Meeting,” 3/10/2009, Arctic Sea Ice Variability and Atmospheric Forcing Patterns, slide 2 (as updated by Deser from Deser & Teng 2008)

Figure 1 portrays the development of sea ice surface area between 1980 and 2009. It is clearly observable that over the last three decades the average ice extent has been decreasing; in particular 2007 and 2008 imply a accelerated negative trend. Apart from these two extremes the general trend of decreasing ice extent is proved by means of this graph. Over the past three decades September sea-ice surface are dropped by 25%. Complete absence of sea-ice in September in the arctic is expected to occur before 2100, based on the analysis of predictions of 18 different climate models by Boé et al.[footnoteRef:11] [11:  http://www.nature.com/ngeo/journal/v2/n5/abs/ngeo467.html ] 


Long-term predictions of Arctic ice conditions are believed to be becoming more accurate. [footnoteRef:12] Figure 2 shows the developments of the arctic summer ice since 1995. The illustration visualizes that within this relatively short period of 12 years the extent of the summer ice has visually decreased.  [12:  http://www.nature.com/ngeo/journal/v2/n5/abs/ngeo511.html ] 


[image: yesterday_nhem]Another interesting observation is that the location of the ice differs from year to year. In some years the NSR route is virtually free of ice and in other years, the NWP is more open to shipping. Predicting of the location and surface area of the sea-ice is critical for planning commercial voyages in the area.

Figure 3 – The Arctic Ice cap during summer
[image: ]
Ignatius Rigor, at the “Sea Ice Outlook Meeting,” 3/10/2009, Preconditioning of Arctic Sea Ice Recap of Outlook for Summer 2009[footnoteRef:13] (Adapted from Stroeve et al. 2008 & http://NSIDC.ORG) [13:  http://www.arcus.org/search/seaiceoutlook/march_2009_wgm/agenda.php ] 


Most expectations state that the Arctic ocean will be completely free of sea ice each summer from the end of the 21st century (Khon et al, 2009). However, this process might be gaining momentum and expectations are far from certain. The NWP has already been free of ice in 2007 (Liu & Kronbak, 2009)  and thus the main question regarding sea ice with respect to the economic viability of the route is: what is the average of annual navigable days that needs to be expected with reasonable certainty in order to compensate for the extra (mainly capital-) expenses that Arctic shipping entails?
[bookmark: _Toc267925098]Chapter 4	Scenario analysis
[bookmark: _Toc267925099]4.1	Method
As mentioned before, this work makes use of a scenario analysis in order to assess the economic viability of liner shipping between the ports of Yokohama and Rotterdam along the Northwest Passage. To draw a conclusion it is necessary to take into account all factors comprising profit; costs and revenues. Total costs of running a liner service are split up into capital-, operating- and voyage cost (Stopford, 2009).

Table 2
	Case study assumptions

	One-way transport capacity
	129.150
	TEU / year

	Freight rate
	$ 1575
	Average one-way fee

	Operating days
	365
	Annually

	Average load factor
	90%
	

	Standard capital cost
	$ 8.503.571
	Annual

	Ice-water speed
	11
	knots

	Blue-water speed
	18
	knots

	Ship size NWP
Ship size Suez
	5.000     10.000
	TEU




The case involves a commercial liner ship with a capacity of 5.000 TEU for the NWP route and a 11.000 TEU vessel for the Suez route. In order to compare the route, annual transport capacity along the NWP route is equalized to the capacity of one 11.000 TEU ship sailing along the Suez route by using multiple vessels. A lower capacity ship size is used for the NWP scenarios, because a larger ship would be even more costly and difficult to build in an ice-classed version. Adding size restrictions, it is not assumed to be realistic that super post Panamax ships will sail the NWP. 

The case spans a time period of 1 year. All costs and revenues are discounted to annual values. 

The NWP could be of use for several services; especially services between ports of North-East Asia and Northern Europe will benefit as the distance reduction is the greatest for these routes. For this reason and also because of the fact that it was used in other studies and thus we are able to compare this study with the others more easily, the relatively small port of Yokohama was chosen for the case study.

First of all, for each route the one-way transit time was calculated based on the average speed under blue-water conditions and in ice-water, the one way distance, the average ice-covered nautical miles and port time. Based on the annual number of trips, annual cost, revenues and profits are estimated.

Three factors, which are believed to be closely correlated with the economic viability of the NWP, have been chosen as the basic parameters for the research. These three parameters are believed to be the most important profit drivers and will be introduced in paragraph 4.2.
Apart from the main parameters, other cost elements are included and assumed to be stable for simplicity. The elements have been selected based on Stopford (2009), Pandey (2008) and Somanathan (2008). 
A spreadsheet model was created with a sheet for each parameter. After selecting all elements and appointing values to each, profits are calculated for all different combinations of the three main parameters to reach 27 NWP scenarios plus 3 scenarios for the Suez route.

[bookmark: _Toc267925100]4.2	Scenarios
As stated before, a multiple of variables are used to estimate the profitability of the NWP in comparison to the Suez Canal route. First of all, the number of days per annum during which shipping along the NWP is possible (with regard to ice conditions) is of great importance. In summer, the arctic sea is not completely free of ice, however, the thickness of the ice allows vessels with sufficient ice-rating to navigate these waters. Secondly, the largest single proportion within the total cost of providing a commercial shipping service is the costs for bunker fuel. Bunker costs are included in the voyage cost  and within this thesis three different scenarios for the bunker price are chosen. The third profit driver is the ice premium (capital cost).
[bookmark: _Toc267925101]4.2.1 Navigable days
The first factor which comes into play when examining an Arctic shipping route is the number of navigable days per year. Arctic waters are ice-infested for most of the time, however, the annual number of days during which the NWP route is navigable has increased significantly over the last decade. The navigability of the NWP mainly depends on the developments of global warming. Prior research was consulted in order to decide on a range of navigable days. In their research on the economic viability of the Northern Sea Route (NSR), Liu et al applied annual navigable periods of 91, 182 and 274 days respectively. Pandey (2008) in contrast, chose values 4 and 6 months (approximately 120 and 180 days respectively). As to arrive at a comparable range, for this study the scenario’s for annual navigable days have been set at 60, 120 and 180 days.

Because of the fact that a vessel is bound to sail many years and profits are calculated on an annual basis within this thesis, values with one decimal are used for the number of annual trips as to increase the accuracy of computations.
[bookmark: _Toc267925102]4.2.2 Bunker price
The single largest and most volatile cost component of maritime shipping is the price of bunker fuel. (Alizadeh et al, 2004). The price of bunker fuel is an important component of the total cost of operating a commercial shipping line as it accounts for approximately 50% of voyage costs (Stopford, 2009). 
Figure 4 – Development of bunker prices in 2008 in USD/ ton


To create an accurate model which can be confidently applied in practice it is of importance to cover a wide range of possible bunker prices. Bunker prices are known to be very volatile. Within the months May and April of 2009 alone, the price[footnoteRef:14] had risen by approximately 25% worldwide.[footnoteRef:15]  [14:  Large marine engines run on heavy marine fuel oil; named 380cst. The cst value indicates the viscosity (thickness) of the fuel. The price mentioned here is the price for 380cst.]  [15:  Fairplay magazine, volume 366, issue 6530 and http://navigatemag.ru/bunker/ (accessed 10/6/’09).] 


To arrive at three bunker price scenario’s we have taken the average of prices in Rotterdam and Tokyo. The scenario’s that were chosen are the all-time high (June 2009), the price at six months before writing (February 2009) and the price at time of writing (June 2009).
Table 3 – Bunker (IFO380cst) price scenario’s
	Scenario
	Date
	Price (rounded)

	1
	February 2009
	$ 200 / ton

	2
	June 2009
	$ 400 / ton

	3
	July 2008
	$ 800 / ton



[bookmark: _Toc267925103]4.2.3 Capital cost
For vessels to sail the icy NWP waters, an ice-rating is required, meaning that the ships have to be build to more extensive safety standard (ex. thicker hull). Liner ships with the (by law) required minimum ice rating have yet to be developed and therefore a great amount of uncertainty exist regarding the capital costs of these ships. The ice-premium indicates the premium in capital costs for ice-rated ships compared to non-ice-rated vessels. Prior studies show significant discrepancies regarding capital cost which portrays the uncertainty in predicting the ice-class premium. The ice-class premium indicates the additional capital cost involved in running an ice-classed ship along the NWP compared to a ship of the same specification which is not build to sail through ice and sail along the Suez route.
Ice-premium estimates generally range between 20 and 40%, however, some have stated that an ice-premium of 200% might be more accurate. Apart from the ice-premium, the method of financing the vessel also influences total capital cost. The credit crunch that evolved from the 2008 financial crisis also effected the shipping industry. Debt financing of large capital expenditures has become more difficult. In particular, financing large vessels comes with a high risk which is often spread over a consortium of large banks. The sudden drop in trade volumes, the high risk profile and the loss of trust between banks brought consortium financing of large commercial vessels to a standstill in 2008.
Because of the high level of uncertainty three scenario’s for the ice premium are factored in. For comparison purposes an ice-premium of 1 has been included, meaning that capital cost for ice-classed ship are  equal to those of blue-water ships. This case is not plausible at this time, but would become relevant over time if the market becomes more mature. Therefore, in order to make a statement on the long-term viability of the route, this scenario should be taken into account.
Table 4 – Annual capital cost
	
	Blue-water
	Arctic
	Ice premium

	Annual capital cost
	$8.503.571
	$ 8.503.571
	1,0

	
	
	$10.204.285
	1,2

	
	
	$17.007.142
	2,0



[bookmark: _Toc267925104]4.3	Remaining cost parameters
This paragraph will argue the choices made in setting the scenario’s for all relevant profit parameters. A choice was made as to which variables to keep constant within the analysis and which to vary to arrive at multiple scenario’s. The cost parameters were filtered based on two criteria; relative size within the profit calculation (size) and volatility. For example, a large, but very stable cost will not influence profits much and neither will a small, but highly volatile cost. The combination of these two criteria is therefore of utmost importance.
[bookmark: _Toc267925105]4.3.1 Voyage cost
Included in voyage cost are all cost which are incurred on a single voyage. In other words, if a ship remains is laid up, no voyage costs are incurred. Voyage cost includes items as bunker cost and canal fees.

Transiting either the Suez or Panama canal comes at a cost. Canal authorities levy a fee on each ship which transits the canal. There is, however, a difference in pricing strategies between the two canals. Although the route via the Suez Canal is shorter than the one via the Panama canal between Yokohama and Rotterdam, the transit costs are lower in Panama then they are in the Middle East. Based on the vessel specification as used by Pandey, each voyage through the Suez canal will cost approximately $ 189,000 for a container vessel with a capacity of 5.000 TEU whereas, on average, a fee of about $100,000 is levied on a ship with equal dimensions for transiting the Panama Canal. The distance between Yokohama and Rotterdam via the Panama Canal is larger than via the Suez Canal, the Panama canal is not regarded as a relevant option in this study, but in some cases the lower canal toll makes up for the longer sailing distance.
Table 5 – Suez canal transit fees
	
	Single transit fee

	5.000 TEU
	$ 215.000

	11.000 TEU
	$ 350.000



[bookmark: _Toc267925106]4.3.2 Operating cost
Operating costs refer to all expenses which are involved in the day-to-day running of a vessel and include costs like manning, insurance, maintenance and administration. Values for operating costs are believed to be accurately portrayed by Notteboom (table 6) and thus are directly annexed into the model. 

Table 6 – Operating cost
[image: ]
Source: Notteboom, 2006
Notes: All costs are annualized and expressed in USD ‘000. The calculations are based on a basic trans-Pacific service taking in direct calls in southeast Asia with six ships spending 30 days at sea and 12 days in port. Each ship completes 8.7 voyages per annum.
1. Based on use of competitive international shipping register.
2.This value has not been used in this research; fuel consumption and cost are calculated separately.

Due to the fact that no CAC3 container vessels with a capacity of as much as 4300 TEU have  been built, a reasonable degree of uncertainty exists regarding insurance and maintenance costs. It has to be mentioned that this uncertainty will decrease as the development of these type of ships continues. Apart from the development, the learning curve of operating and maintaining these ships as well as the increased demand and supply ships will gradually decrease uncertainty and price in turn. (Somanathan, 2006).

[bookmark: _Toc267925107]4.4.	Revenue
Total annual revenue depends on two factors; the freight rate and the number of trips that the vessel is able to make within the set period of one year. 

The number of trips between ports that a vessel can annually make is of primary importance as fixed costs (e.g. vessel purchase) are spread out over a larger total revenue. Assuming that marginal revenues, in the form of freight rates, and marginal cost per trip (voyage cost and operating cost partially) remain constant, each additional trip will make a marginal profit. Micro-economics has taught us that at all times operations should not be shut down, as long as marginal cost remain below marginal revenue ( Frank, 2000). In order to estimate the number of trips for each scenario, 1 (5.000 TEU ship) or 2 days (11.000 TEU ship) of idle time per trip are assumed for in port for entry, exit, loading and unloading. 

[bookmark: _Toc267925108]4.5	Sailing speed
The speed it blue-water is set to 18 knots. This velocity is lower than the 24-45 knots that most modern commercial ships are able to reach. As can be seen in figure 5, bunker consumption rises exponentially with the cruising speed of a vessel. The practice of ‘super slow steaming’ (17-18 knots) became common practice during the 2008-2010 financial crises as liner operators saw  demand for maritime transport decrease dramatically and consequently were forced to implement cost saving measures (Notteboom, 2006). Additionally, by setting the blue-water speed to 18 knots (instead of 24), competition between the NWP en Suez scenario’s in increased as it lowers total bunker cost significantly and relatively more for the Suez route  as the average speed on the NWP is lower due to the limited speed in icy waters.
Figure 5 – Exponential rise of fuel consumption with speed
 (
Bunker consu
m
ption (tons/day)
) (
Speed (knots) (kn(knots)
)
Source: author. Based on Notteboom, 2006

[bookmark: _Toc267925109]4.6	Performance
The following paragraphs evaluate the competitive position of the Northwest Passage.
[bookmark: _Toc267925110]4.6.1 Panama Vs NWP
Two factors largely explain the difference between the NWP- and Panama route. First of all, the route via the Pacific Ocean, the Panama Canal and the Atlantic is approximately 1330 NM longer than the Suez route between Yokohama and Rotterdam. The route measures 12300 NM,57% longer than the NWP route (7850 NM). Secondly, the route limits vessel size as the Panama canal locks can presently only accommodate container vessels carrying up to 5.000 TEU. However, the Panama expansion plan states that new locks will be operational as of 2014, increasing the capacity to approximately 12.000 TEU per vessel (Panama Canal Authority, 2006), which is comparable to the present capacity of the Suez canal[footnoteRef:16]. [16:  http://www.lethagencies.com/port.asp?port=SUEZTREG] 

[bookmark: _Toc267925111]4.6.2 Performance; Suez Vs NWP
For the Suez route the two same factors differentiate it from both the NWP as the Panama route. First of all, measuring 11223 NM  the distance between Yokohama and Rotterdam via this route is 9% shorter than the Panama route and 43% longer than the NWP route. The significant difference in distance, however, is offset by the unrestricted capacity. As has been stated in the previous paragraph the absence of a capacity restriction will only be a competitive advantage to the Suez canal route up to the year 2014. The Suez route also differentiates itself from the NWP route due to a lesser vessel size restriction.
[bookmark: _Toc267925112]4.6.3 Competition on short transit times
Although the NWP route overall will be more expensive to operate, the transit time is considerably shorter between Yokohama and Rotterdam (23 days compared to 28 for the Suez route). For time sensitive goods this might be interesting because a shorter transit time offers shippers savings on opportunity cost and economic depreciation. The average opportunity cost (including economic depreciation) per TEU amount to €10-35 per day (Notteboom, 2006). For a shipper who transports 5.000 TEU per year with an average value of €40.000 from Yokohama to Rotterdam, savings would amount to approximately €1 mln. (0,5% of total value shipped goods).[footnoteRef:17] For goods with high value and/or highly time sensitive goods (e.g. fast moving consumer electronics) the gains might be higher because of a higher opportunity cost and/or economic depreciation rate. Combined with a larger volume of 10.000 TEU per year with a value of € 80.000 per TEU, savings could add up to about €7.5 mln. (1% of total value shipped goods).[footnoteRef:18]   [17:  At 5% opportunity cost and 30% economic depreciation per year (reasonable).]  [18:  At 10% opportunity cost and 60% economic depreciation per year (high).] 

At the assumed freight rate of $1575/TEU, for the two aforementioned scenario’s total annual shipping cost would amount to respectively $8 mln. and $16 mln. If the liner company would want to extract 50% of the clients savings, it could raise the freight rate by 6% and 25% respectively.[footnoteRef:19] [19:  (Initial annual shipping cost + 0,5 shippers annual savings) / # TEU’s = New freight rate] 

If the savings for the total annual capacity on the two routes are combined, we arrive at overall savings for shippers of €18,5 mln. (0,5% of total value of shipped goods and 9% of total transport cost).[footnoteRef:20] If the liner company decides to extract 50% of total savings, this could be achieved by raising the freight rate by 4,6%. All other circumstances equal, total annual revenues are $9 mln. higher for the NWP scenarios in comparison to the Suez scenarios. [20:  At 5% opportunity cost and 30% economic depreciation per year (reasonable).] 



[bookmark: _Toc267925113]Chapter 5	Research results

Table 7 shows the estimated profits, calculated for each of the 30 scenarios. All scenarios have been ranked by profit (1 being the highest and 30 the lowest) to make comparison easier.
From the table the effects of the different variable become clear if we consider the ranking of each scenario based on the profit. Bunker price has a significant, negative, impact on profit (compare scenarios 1, 4 & 7), as does the ice premium (compare scenarios 1, 2 & 3) Comparing scenarios 1, 10 and 19 we may conclude that the number of navigable days is positively correlated with profits.
Table 7 – Research results
	Scenario
	Route
	Bunker price (USD)
	Navigable days
	Ice premium
	Total profit
	Ranking (profit)

	1
	NWP
	200
	60
	1,0
	$163.074.797
	4

	2
	NWP
	200
	60
	1,2
	$159.466.253
	8

	3
	NWP
	200
	60
	2,0
	$145.032.077
	16

	4
	NWP
	400
	60
	1,0
	$147.820.328
	13

	5
	NWP
	400
	60
	1,2
	$144.211.784
	17

	6
	NWP
	400
	60
	2,0
	$129.777.608
	21

	7
	NWP
	800
	60
	1,0
	$117.311.389
	25

	8
	NWP
	800
	60
	1,2
	$113.702.845
	27

	9
	NWP
	800
	60
	2,0
	$99.268.669
	30

	10
	NWP
	200
	120
	1,0
	$164.665.716
	3

	11
	NWP
	200
	120
	1,2
	$161.181.065
	6

	12
	NWP
	200
	120
	2,0
	$147.242.460
	14

	13
	NWP
	400
	120
	1,0
	$149.648.263
	10

	14
	NWP
	400
	120
	1,2
	$146.163.612
	15

	15
	NWP
	400
	120
	2,0
	$132.225.008
	20

	16
	NWP
	800
	120
	1,0
	$119.613.358
	23

	17
	NWP
	800
	120
	1,2
	$116.128.707
	26

	18
	NWP
	800
	120
	2,0
	$102.190.102
	29

	19
	NWP
	200
	180
	1,0
	$166.151.019
	2

	20
	NWP
	200
	180
	1,2
	$162.782.035
	5

	21
	NWP
	200
	180
	2,0
	$149.306.102
	11

	22
	NWP
	400
	180
	1,0
	$151.354.848
	9

	23
	NWP
	400
	180
	1,2
	$147.985.865
	12

	24
	NWP
	400
	180
	2,0
	$134.509.931
	19

	25
	NWP
	800
	180
	1,0
	$121.762.506
	22

	26
	NWP
	800
	180
	1,2
	$118.393.523
	24

	27
	NWP
	800
	180
	2,0
	$104.917.590
	28

	28
	Suez
	200
	NA
	NA
	$171.552.034
	1

	29
	Suez
	400
	NA
	NA
	$159.997.813
	7

	30
	Suez
	800
	NA
	NA
	$136.889.372
	18



Appendix 1 shows the profit calculation broken down in total revenues, capital cost, voyage cost and operating cost.
From table 7 we may also conclude that the Suez route on average performs better than the NWP route. This can be seen if we compare the Suez route for each bunker price with the NWP scenario for the same bunker price. The best ranking of any NWP route under the same bunker price, is always higher than the Suez ranking for that price.
The model has also been used to assess the viability of the NWP for the service between Singapore and Rotterdam. Singapore is situated 2900 NM south-west of Yokohama. The saved distance by using the NWP on this service is thus less. Results show that therefore there is even less potential for the NWP to substitute the Suez route.


[bookmark: _Toc267925114]Chapter 6	Conclusions and discussion

Under the assumptions of this work, the NWP route is not economically viable. The potential added value created by building ice-classed ships and deploying them in the treacherous Arctic waters is not obvious. 
Although the NWP reduces the distance between Tokyo and Rotterdam by about 50%, the lower average sailing speed (due to sea ice) only decreases the transit time by 18% (5 days) compared to the Suez route
To equal the annual capacity of one 11.000 TEU ship that sails along the Suez route, multiple ships are needed, which causes a rise in capital cost for the NWP scenarios.
Adding to the small likelihood of shippers starting to use the NWP is the fact that the ice premium brings great uncertainty. As long as the number of navigable days is 120 to 180 and the ice premium stays close to a value of 1, differences in profit with the Suez route are not significant. At an ice premium of 2, the difference becomes substantial, favoring the Suez route. It will take many years for the market for  ice-breaking container ships to mature. Research and development expenditures are high and builders will aim to earn them back as soon as possible, resulting in high vessel prices.
Sailing the Arctic obviously does not come without dangers. The ice through which the vessels have to sail can damage the ship, causing maintenance cost to rise. In a worst-case scenario a sudden chill could trap whole fleets of ships, leaving them stranded in the ice for moths with crew members to be rescued , large amounts of goods going to waste and heavily damaged ships as a consequence.
The number of 120 navigable days per year is only expected to be reached by the end of this century. Adding all the other con’s to the sum, we may conclude that the NWP as a commonly used commercial shipping route is still very far away from becoming a reality. Some discrepancy, however, exist regarding the pace at which the Arctic waters are becoming free of sea ice in summer and some believe in an exponential acceleration. If this were to happen and if ice classed vessels could be build at a neglectable ice premium, sail the arctic waters at blue-water speeds, only then do I expect the NWP to become a frequently used shipping route between north-east Asia and Western Europe.  On the contrary, efforts are being made to slow global warming and it is not entirely unlikely that the process of global warming will slow down or come to a halt in the course of the 21st century, which further reduces the chances for the NWP.
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[bookmark: _Toc267925117]Appendix 1 – Profit calculations
	Scenario #
	1
	2
	3
	4
	5
	6

	Revenues
	$108.037.528
	$108.037.528
	$108.037.528
	$108.037.528
	$108.037.528
	$108.037.528

	Capital cost
	$18.042.720
	$21.651.264
	$36.085.440
	$18.042.720
	$21.651.264
	$36.085.440

	Operating cost
	$11.354.060
	$11.354.060
	$11.354.060
	$11.354.060
	$11.354.060
	$11.354.060

	Voyage cost
	$20.227.306
	$20.227.306
	$20.227.306
	$35.481.776
	$35.481.776
	$35.481.776

	Total cost
	$49.624.086
	$53.232.630
	$67.666.806
	$64.878.555
	$68.487.099
	$82.921.275

	Profit
	$58.413.442
	$54.804.898
	$40.370.722
	$43.158.973
	$39.550.429
	$25.116.253

	Profit / TEU
	$452
	$424
	$313
	$334
	$306
	$194

	Gross profit margin
	54%
	51%
	37%
	40%
	37%
	23%

	Scenario #
	7
	8
	9
	10
	11
	12

	Revenues
	$108.037.528
	$108.037.528
	$108.037.528
	$135.046.910
	$135.046.910
	$135.046.910

	Capital cost
	$18.042.720
	$21.651.264
	$36.085.440
	$17.423.256
	$20.907.907
	$34.846.512

	Operating cost
	$11.354.060
	$11.354.060
	$11.354.060
	$11.735.031
	$11.735.031
	$11.735.031

	Voyage cost
	$65.990.715
	$65.990.715
	$65.990.715
	$18.874.880
	$18.874.880
	$18.874.880

	Total cost
	$95.387.494
	$98.996.038
	$113.430.214
	$48.033.167
	$51.517.818
	$65.456.423

	Profit
	$12.650.033
	$9.041.489
	-$5.392.686
	$87.013.743
	$83.529.092
	$69.590.487

	Profit / TEU
	$98
	$70
	-$42
	$674
	$647
	$539

	Gross profit margin
	12%
	8%
	-5%
	64%
	62%
	52%

	Scenario #
	13
	14
	15
	16
	17
	18

	Revenues
	$135.046.910
	$135.046.910
	$135.046.910
	$135.046.910
	$135.046.910
	$135.046.910

	Capital cost
	$17.423.256
	$20.907.907
	$34.846.512
	$17.423.256
	$20.907.907
	$34.846.512

	Operating cost
	$11.735.031
	$11.735.031
	$11.735.031
	$11.735.031
	$11.735.031
	$11.735.031

	Voyage cost
	$33.892.333
	$33.892.333
	$33.892.333
	$63.927.238
	$63.927.238
	$63.927.238

	Total cost
	$63.050.620
	$66.535.271
	$80.473.876
	$93.085.525
	$96.570.176
	$110.508.781

	Profit
	$71.996.290
	$68.511.639
	$54.573.034
	$41.961.385
	$38.476.734
	$24.538.129

	Profit / TEU
	$557
	$530
	$423
	$325
	$298
	$190

	Gross profit margin
	53%
	51%
	40%
	31%
	28%
	18%

	Scenario #
	19
	20
	21
	22
	23
	24

	Revenues
	$135.046.910
	$135.046.910
	$135.046.910
	$135.046.910
	$135.046.910
	$135.046.910

	Capital cost
	$16.844.916
	$20.213.900
	$33.689.833
	$16.844.916
	$20.213.900
	$33.689.833

	Operating cost
	$12.090.711
	$12.090.711
	$12.090.711
	$12.090.711
	$12.090.711
	$12.090.711

	Voyage cost
	$17.612.237
	$17.612.237
	$17.612.237
	$32.408.408
	$32.408.408
	$32.408.408

	Total cost
	$46.547.865
	$49.916.848
	$63.392.781
	$61.344.035
	$64.713.019
	$78.188.952

	Profit
	$88.499.045
	$85.130.062
	$71.654.129
	$73.702.875
	$70.333.891
	$56.857.958

	Profit / TEU
	$685
	$659
	$555
	$571
	$545
	$440

	Gross profit margin
	66%
	63%
	53%
	55%
	52%
	42%

	Scenario #
	25
	26
	27
	28
	29
	30

	Revenues
	$135.046.910
	$135.046.910
	$135.046.910
	$129.149.665
	$129.149.665
	$129.149.665

	Capital cost
	$16.844.916
	$20.213.900
	$33.689.833
	$8.503.571
	$8.503.571
	$8.503.571

	Operating cost
	$12.090.711
	$12.090.711
	$12.090.711
	$7.235.000
	$7.235.000
	$7.235.000

	Voyage cost
	$62.000.750
	$62.000.750
	$62.000.750
	$16.120.118
	$27.674.338
	$50.782.779

	Total cost
	$90.936.377
	$94.305.360
	$107.781.293
	$31.858.689
	$43.412.909
	$66.521.350

	Profit
	$44.110.533
	$40.741.550
	$27.265.617
	$97.290.976
	$85.736.756
	$62.628.315

	Profit / TEU
	$342
	$315
	$211
	$753
	$664
	$485

	Gross profit margin
	33%
	30%
	20%
	75%
	66%
	48%
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