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Overview

Since the turn of the 21st century, global liquefied natural gas (LNG) markets have undergone considerable development.  Traditionally confined to regional pipeline transportation, the volume of natural gas traded by sea more than doubled between 2000 and 2010 (IGU 2010).  As the industry gained cost efficiency from larger tankers and liquefaction plants and more flexible delivery contracts, it also attracted new entrants.  A fast pace of growth within an industry generally leads to an increase in operational efficiency of the firms involved through competive pressures, including product and process innovation and cost minimization.  Yet, when we examine recent data on global LNG shipping patterns, we observe fully-laden LNG tankers crossing one-another’s path, which suggests that shipping agents (whether buyers, sellers, or independent agents) may not be optimizing the routes which their vessels take.  In this paper, we examine potential reasons why such inefficiencies remain in LNG shipping even as the market becomes more liquid.
There are two reasons why we choose to focus on LNG shipping efficiency.  The first is that shipping makes up a significant share of total costs encountered along the LNG supply chain.  The second reason is that because LNG purchases are subject to long-term contracts and the transportation component is included in negotiations between two parties, looking at contracted shipping arrangements allows us to derive evidence about the imporance of transaction costs in inhibiting optimal behavior in the LNG industry.

Jensen (2004) indicates that shipping costs account for nearly a third of the total cost along the LNG supply chain, including capital expenditures, and that optimal route selection and other shipping operations could reduce the total cost by as much as 15 percent.  From a cost minimization perspective, then, suppliers and consumers of LNG should aim to select the shortest shipping route between their respective geographic locations.  Alfred Weber’s least cost theory of industrial location would suggest the use of just such least-distance routing.  The operations and supply chain literature, on the other hand, argues against the transportation cost perspective, pointing out that LNG producers focusing on minimizing transportation costs may actually realize lower profits than producers who ship cargo volumes to more distant but higher paying customers.  This literature suggests that extending voyage durations may result in an increase in profits so long as the extra cost of shipping is more than offset by gains in LNG prices ultimately obtained at the destination (Fodstad et al. 2010).
This strategy makes logical sense from the perspective of a single LNG seller, but it may not generate the same firm-level results when we consider equilibrium conditions in the LNG industry in its entirety.  Assuming that all shippers (whether buyers, sellers, or independent middlemen) have identical access to information and pursue the same objective (profit maximization or cost minimization), then all parties would independently embark on a voyage to the highest-priced customer.  The closer tankers would naturally reach this customer first, satisfying the portion of the demand for which the customer has the highest willingness to pay (assuming a typical downward-sloping demand curve).  By the time the more distant vessels arrived, the customer’s offer price would have fallen, likely making the higher cost of the extended trip unjustified.  In equilibrium, as all ships sail to more distant albeit more lucrative locations, prices at these destinations will fall while and rising elsewhere and redirecting the optimal flow of ships from distant locations to more proximate ones.  In this sense, the economic efficiency argument for cross-shipping that may be perfectly valid for the shipping strategy of an individual firm is flawed because it ignores the behavior of competitors.
Looking at satellite data of common LNG shipping routes between 2011 and 2012, we observe Nigerian LNG cargoes being delivered to South Korea, and Australian cargoes arriving in Spain.  In this study we develop a methodology to explain the causes of such seemingly inefficient trade patterns.
Methods

In order to identify causes of shipping inefficies, we must first define what we mean by an inefficient shipment.  Consider Qatar – the world’s largest LNG exporter.  Because of its favourable geographic location between Europe and Asia, Qatar can deliver LNG anywhere in the world over a reasonable distance (and thus at a reasonable cost).  By contrast, a Nigerian shipment to Japan would travel a much greater distance, as would an Australian shipment to Spain.  For this reason, we designate Qatar as the global efficient supplier.  We take the longitude of Qatar’s LNG export terminal at Ras Laffan, 51.54° E, as the geographic efficiency threshold, and evaluate all global LNG shipments in relation to the route between any destination port and Qatar.  Any shipping route that crosses this line of longitude is deemed inefficient, as the associated shipping cost would exceed that of a shipment from Qatar.  Deviations from this definition of “efficiency”, however, are not uncommon in reality.

We hypothesize these to be driven by six main factors: seasonal considerations, tanker scale economies, type of cargo (spot or contract), vessel speed, shipping costs, and the organizational structure of the vessel operator (independent or vertically integrated entity).  We anticipate the first three factors to be positively associated with the probability of observing an “inefficient” shipping route.  That is, all else equal, we expect to observe larger LNG vessels and those operating under spot contracts and during peak seasons to cover longer distances.  The last two factors are expected to be negatively associated with “inefficient” shipments, meaning that an increase in shipping costs should discourage longer voyages, while vertical integration of LNG companies should better position them to not just maximize their profit during a given time period, but to more generally optimize their customer portfolio in a way that minimizes their long run costs of doing business, implying a lower probability of vertically integrated vessel operators traveling along inefficient routes.  The relationship between shipping efficiency and vessel speed is a priori unclear, since faster speeds reduce the amount of gas boiloff during the voyage (a positive effect), but at the same time increase the cost of propulsion for the tanker (a negative effect).

To proceed with empirical estimation, we map out the observed routes of all LNG shipments in our data and construct our dependent variable – an indicator for whether or not a shipment crosses the line of efficiency.  Those voyages that cross the 51st parallel are assigned a value of 1 (inefficient), and those that do not take on a value of zero (efficient).  We then estimate a Probit model with the inefficiency indicator on the left hand side, and the six explanatory variables described above on the right hand side (Eq. 1).
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is the standard normal distribution; subscripts i and t index unique shipments and time, respectively; the peak season indicator is set to 1 for the summer (June, July and August) and winter (December, January and February) months and zero for the rest of the year; the spot cargo indicator is set to 1 for vessels operating under spot, short-term, medium-term and flexible contracts, and 0 otherwise; and the two vertical integration indicators are set to 1 if the vessel operator is classified as either a fully or partly vertically integrated company.
Results
We find that perceived routing inefficiencies are actually driven by market forces, such as peak demand seasons, spot cargos, and transportation constraints, induced by a rise in spot shipping costs.  Economies of scale in tanker technology may also play a role in the formation of observed shipping routes, with some evidence suggesting that higher-capacity tankers are associated with less “efficient” (i.e. longer) voyages.  Finally, vessels operated by vertically integrated energy companies appear to be associated with more efficient voyages than LNG tankers operated by independent shipping firms.
Conclusions
Although findings suggest that the routes we deem inefficient are actually driven by market forces, and are therefore rational in an economic sense, an improvement on these routes could, in theory, be found with a set of optimal contract swaps that would more closely align consumers with geographically proximate suppliers.  To come back to the previous example, Nigeria and Australia could swap their delivery obligations, such that Nigerian cargoes could depart for Spain instead of South Korea, while Australian cargoes could be received by South Korea instead of Spain, at least for the lower of the two contract volumes.  A contract swap between LNG suppliers would not be hampered by lack of transparency in the price setting mechanism of long-term LNG contracts, since both sellers would still be getting their contracted price.  Supplier-arranged swaps should also appeal to more risk averse buyers, such as those in Asia (Tabuchi 2012, Iwamoto et al. 2012, Thriveni 2014, The Economist 2014, Kim & Lee 2013, Yep 2014), since it preserves the diversity of supply portfolios while allowing suppliers to reduce part of their costs, which may in turn increase their willingness to lower contract prices in the future.
_1458984779.unknown

_1324568157.unknown

